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Summary

The construction of FAIR is one of the four strategic ob-
jectives of FAIR GmbH & GSI GmbH in Darmstadt as
illustrated in figure 1.
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Figure 1: Strategic objectives of GSI & FAIR

For the progress in the FAIR Project the following core
activities are worth to mention.

The rework of the complete Project planning after the
major review in 2015 was finished on time in late 2016,
resulting in the resource loaded and integrated project
master time schedule. All three, now integrated areas,
Accelerator, Civil construction and the Experiments are
progressing according to the expectations documented in
this plan.

Most remarkable is the progress in the area of civil con-
struction so far. The target to start preparation work on
site was reached already late in 2016. Currently all “con-
nection” tasks from the GSI premises to the FAIR con-
struction site are under execution (“GAF Gebaude Anbin-
dung FAIR”).

The enhancement of the SIS 18 (new coverage for in-
creased radiation protection, a supporting wall, and the
opening to the FAIR site), the main transformer stations
north & south and the preparation of the remaining foun-
dations are in execution. All preparatory and regulatory
work for the area north (SIS100 Tunnel & CBM) is on
target schedule. All work is aiming towards the start of
the excavation of the tunnel 110 in summer 2017.
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As remarkable as the progress of the civil construction,
the continuity in the design and procurement of the accel-
erator components has to be highlighted. After the finali-
zation of the new planning setup late 2016, the resources
needed for the work packages were identified and com-
mitted. The balancing of the resources down to every sin-
gle name was successfully executed until end of Q1 2017
in a first run. As a result a resource loaded and executable
plan is now present, documented and the foundation of
the work currently being executed.

The final step to a complete planning rework was done
with the major rework on cost. All opportunities and po-
tential threads were re-evaluated and documented. The
FAIR Project Risk- and Opportunity report documents the
results.

The progress in the experimental areas is as remarkable as
the above mentioned ones. All four pillars are in intensive
planning work and currently consolidating the procure-
ment activities.

The focus for the remaining year 2017 can be summarized
as follows. The major and most visible task will be the
start of the excavation of the SIS100 tunnel.

The major contracts closed late 2016 / early 2017 with the
In-kind Partners, namely BINP Institute Novosibirsk Rus-
sia, CEA and CNRS France and GSI Germany are in
ramp up and execution as envisioned. Contract with In-
dustrial partners are alike in status & progress.

The last “Mega-tender” with a value of not less than 30
M€ will be the main Cryogenic plant. Alongside with the
planned increase of procurement activity this tender is
planned for release during 2017. The award is targeted for
late this year. With this tender, the last major component
of the machine is in procurement.

Status of the FAIR Project

The Report of the FAIR project status is subdivided in the
overview of the six SubProjects (SIS 100, SFRS, PLinac,
CR, HESR, and Commons), FAIR Site & Buildings, and
the four experimental areas, according to the organiza-
tional structure on site.

FAIR Accelerator Subprojects

The progress of the subprojects SIS100, Super Fragment
Separator, Proton-Linac and p-bar Target, Collector Ring,
High Energy Storage Ring and the cross functional sub-
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project Commons is documented in the following over-
view. The activities, progress and current status of civil
construction works for the FAIR Project and the experi-
mental areas are made transparent also.

SIS100

The subproject SIS100 owns the responsibility of two
major tasks. The primary one is the design and build of
the Synchrotron SIS100.

He secondary one is the enabling of the existing Synchro-
tron SIS18 as injector for FAIR and the connection be-
tween the GSI facility and the FAIR buildings.

SIS100

Major progress has been achieved in contracting of new
components for SIS100 and developing FOS (First of
Series) devices towards serial-production.

After the successful manufacturing and cold testing of the
FOS superconducting dipole magnet, the serial production
of 110 magnets has been released. The manufacturer,
BNG, has just completed its move of the production line
to a new dedicated building and released the production
of the steel for the yokes and the superconducting coils.
Starting in summer this year, one sc. dipole magnet will
be delivered per week to GSI for cold testing. Therefore,
the set-up of the team for series testing of the dipole mag-
nets over the three years production time is currently in
progress.

The manufacturing of the superconducting quadruple
magnets in Dubna has progressed with the first two inte-
grated units, consisting of two quadruple magnets, a
steerer- and a sextupole magnet. In parallel, the prepara-
tion for cold testing of these units is progressing. The set-
up of the dedicated NICA-FAIR superconducting magnet
test facility could be completed end of November 2016.
The design of the quadrupole modules has been conduct-
ed together with industrial partners. The tendering of
manufacturing and integration, which is one of the biggest
technical efforts for the FAIR accelerators, was launched
recently.

The status of design and manufacturing of the radiofre-
quency systems, used for acceleration and compression of
the beam has progressed well. After successful comple-
tion and testing of the FOS bunch compression cavity, the
series production of the remaining eight cavities has been
launched. The design and manufacturing of the FOS ac-
celeration cavity was finalized together with the industrial
partner. The cavity undergoes presently an intensive FAT
(Factory Acceptance Test) including ramping with target-
ed machine cycles.

The procurement of several other SIS100 components has
been launched. The goal is to complete the procurement
according to functional section. All major components of
the injection system, the injections kicker modules and
the injection septum magnets have been tendered and
awarded. As next large system, the components of the
extraction system shall be procured, starting with the elec-
trostatic extraction septum in summer 2017.
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The local cryogenics system is one of the most complex
and unique technical systems of SIS100. Especially the
bypass lines, bridging the warm sections of SIS100, differ
from conventional cryogenic transfer line by the integrat-
ed superconducting bus bar system. A FOS bypass line
has been manufactured and delivered. Although the FOS
bypass line has been accepted, the internal design had to
be further improved for serial production. The design of
the overall local cryogenics system, including the end
boxes, current feed boxes and all bypass lines segments is
progressing very efficient.

SIS18

To finalize the SIS18upgrade program and to enable the
execution of major civil construction measures, the ma-
chine operation has been interrupted in 2017. In order to
prepare SIS18 for the fast cycling FAIR injector opera-
tion, in the early project phase of FAIR, an upgrade pro-
gram has been defined, involving all major technical sub-
systems. Most of the upgrade program has been success-
fully implemented trough the last decade. The missing
technical items will be completed in the course of 2017.
This involves

a) The completion of the new dipole power converter for
fast ramping with a ramp rate of 10 T/s, the installation of
the missing two of three new MA (magnetic alloy) accel-
eration cavities.

b) Manufacturing and installation of the IPM (ionization
beam profile monitor) system.

¢) The manufacturing and installation of a new large bipo-
lar dipole magnet for linking the existing facilities to the
transfer line to SI1S100.

To cope for the operation with significantly increased
average beam intensities, beside the machine upgrade, the
SIS18 tunnel construction is presently undergoing a major
modification. The so called GAF (Geb&ude-Anbindung an
FAIR) civil construction project has been launched at the
end of 2016 and shall be completed in January 2018. The
project involves

a) an enhancement of the soil shielding on top of the
SIS18 tunnel, requiring a support structure to cover the
additional load.

b) A enhanced air management system.

¢) A fire protection system based on Nitrogen flooding.

d) A reinforcement wall at the Northern arc of SIS18.

e) The opening and modification of the Eastern building
wall in the experimental hall, generating the interface to
the FAIR tunnel 101.

Another major ongoing activity which needs to be com-
pleted in 2017 is the retrofit of the accelerator control
system. The new control system architecture, including
the new timing system, replaces the old VMS based con-
trols hardware and will be implemented and tested for the
first time for the re-commissioning of SIS18. The suc-
cessful completion of this effort is demanding and crucial
for the machine operation in 2018. In parallel, upper level
controls software, required for generating the set-values
for all devices based on physics models and parameter-
ized algorithms, will be completed. This software has
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been developed in collaboration with CERN, based on the
LSA (LHC Software Architecture) over the last decade
and is presently tested at commissioning of the CRYR-
ING accelerator at GSI.

Super Fragment Separator

The last six months can be characterized as a period of
major targets reached for the progress of the Super Frag-
ment Separator (Super-FRS) development.

In the frame of assembling the ATB (“Along the beam-
line) List several missing components, in particular the
insulating vacuum for cryogenics and cables, were identi-
fied. To each element a Work Package was assigned to-
gether with a work breakdown structure (PSP Code).

The review of the expected costs was done for all ele-
ments of the ATB Elements. In particular the now defined
design for the superconducting (SC) dipole magnets, the
improvement in the definition of the Local Cryogenics
work Package, the robot handling in the Pre-Separator,
and the full inclusion of the magnet test facility construc-
tion and operation.

The scheduling structure of the sub-project was adapted
and embedded into the Integrated Master Schedule struc-
ture of the FAIR project. To this aim, three important
achievements were reached:

Renewed scheduling for each work package. in addition
to the all technical element listed in ATB, also project-
related activities were identified and assigned to the new
Work Packages. Examples given are: Digital-Mock-Up,
Experiment Interface, and Civil Construction Interface.
All technical components and project activities were
scheduled in individual project-plans according to the
work package structure.

The scheduling of the installation of Super-FRS compo-
nents was established. Side constraints from civil con-
struction as well as common systems were included. The
planning yields three time windows for installation of the
technical components. The installation scheduling was
optimised according to the available of these time frames,
which determine the critical path of the Super-FRS ma-
chine. The readiness of all three branches of the Super-
FRS is given in the overview plan. Since each branch
serves different experiments, they could be operated in-
dependent of the availability of the other two branches.
The timeline for the stepwise implementation of the three
branches will be subject of the forthcoming reports.

The overview plan, so called Level-2 plan, was reworked.
The plan includes mirror images of the relevant mile-
stones and activities from the Civil Construction plan,
from the procurement plans, and from the central FAIR
Commissioning plan.

For each activity the assignment of work necessary to
carry out the activity was rechecked and defined. The
assignment of work was attributed to individual human
resources. The mitigation of appearing resource conflicts
in the overall project was addressed with the “resource
balancing” activity in Q1 2017.
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The design phase for the two pre-series SC Multiplets was
completed. In December 2016 the Final Design Review
(FDR) was successfully concluded which includes in par-
ticular also a Quality Control Plan. The Production Read-
iness Review (PRR) for the Short Multiplet is scheduled
for Q2 2017 and for the Long Multiplet in Q4 2017. The
existing technical risks in particular the cooldown proce-
dure with a major impact on the schedule will be vastly
reduced there. Procurement of most important compo-
nents like SC wire and yoke steel was initiated. Specimen
of some subsystems were built (e.g. quarter yoke of quad-
rupole magnet, beam tube including cleaning process and
pr measurements, coil impregnation, sextupole coil, steer-
er support structure).

All technical documentation required for the tender of the
standard SC dipole magnets were finalized and approved
(including detailed specification, Conceptual Design Re-
port (CDR), 3D model and 2D definition drawings). In
the meantime all necessary tender documents are estab-
lished and it was agreed on the criteria for the awarding of
the contract.

The beam instrumentation for the LEB has been agreed
on with the respective NUSTAR experiments. The Con-
ceptual Design Report (CDR) for the SC magnets of the
low-energy Buncher/Spectrometer is in preparation by the
magnet experts from VECC Kolkata, India.

The cryogenic system including the 3 satellite boxes and
the connecting cryo transfer lines were delivered to the
CERN magnet testing facility; the installation is going to
be finalized and commissioning of the system is in prepa-
ration. The last missing parts to complete the cryogenic
system are the magnet interfaces, i.e. the so called cryo
jumper lines. The tender of those is currently ongoing.
The construction of the support frame for the radiation
resistant dipole magnet was finalized. However, during
testing the remote alignment capability it was realized
that the required moments of torque are too high. This
lead to the action, that the corresponding gears were re-
vised, which is almost completed right now.

The FAT for the First of Series (FoS) x-slit system was
completed successfully.

It was agreed that the media connection board required
for remote handling in the Pre-Separator will be devel-
oped by GSI. The design phase of a prototype board is
running.

The FAIR IKC for the time-of-flight (ToF) detectors in-
cluding the contract documentation was established.

The FAIR IKC for the Delta-E detectors (MUSIC) includ-
ing the contract documentation was established and it was
sent to our collaboration partner.

The Detailed Specification of the Plastic detectors was
finalized and approved.

The Detailed Specification for the SC dipole vacuum
chamber is finalized and in the approval process.

The Detailed Specification for the Focal Plane Chamber
(which will contain all Super-FRS beam instrumentation
parts) is close to be finalized. It is planned to prepare and
award the in-kind contract still in 2017.
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The preliminary design of the target chamber and its plug
inserts are progressing. The FDR for the plug guidance
system was accepted in December 2016 and a full scale
mock-up is under preparation. The PDR for the target
chamber itself is expected for summer 2017.

It was decided to modify the preliminary design of the
shielded transport flask in such a way that all components
which have to be transported from the target area of Su-
per-FRS to the Hot Cell complex can be handled by one
common flask. In particular this required increasing
slightly the cross section of the flask and thus also the
docking ports on the Hot Cell roof. A corresponding
change request concerning civil construction was estab-
lished and approved.

Proton-Linac & p-bar Target

As the responsibility for the p-bar Target and the Proton-
Linac is allocated to the same Subproject leader, Mr.
Klaus Knie, both contents are getting reported in one sec-
tion.

Proton Linac

According to the baseline schedule the finalization of
installation and commissioning of the pLinac was not
expected to be earlier than 2025. This fact can endanger
the schedule of HESR and PANDA commissioning.
Therefore, the construction of the p-Linac building was
re-evaluated and subsequently rescheduled to an earlier
time. Now the p-Linac will be fully available in 2023 ac-
cording to this measure.

The contract with our collaboration partner has been
signed. The proton source build is close to completion.
The first phase of commissioning has been started; an ion-
current of 70 mA has been produced, which is close to the
design value of 100 mA already. The construction of the
low energy beam transport (LEBT) is in progress.

The first Klystrons provided by our collaboration partners
passed the FAT successfully.The production of the first-
of series-modulator in-house is in progress.

After the very successful power RF tests of the ladder
RFQ prototype the design of the full size RFQ, is close to
completion.

The layout of the CH and CCH cavities is nearly finished.
The production of the internal quadrupole triplets for the
CH cavities is delayed due to minor changes in the layout
of the cavities.

p-bar Target

An ANSYS working group has been successfully estab-
lished. Simulations for target, collimators and beam dump
are in progress. An experiment at the HiRadMat facility at
CERN is in preparation. It is planned to test the mechani-
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cal stability of different potential materials for the pbar
target and to do a benchmarking of our simulations.

The work on the target station and the alignment system
for the magnetic horn is progressing.

Collector Ring

The TDR for the CR is finally ready. 50% of specifica-
tions have been approved. The technical design of the full
ring has been performed for 80%. The most critical is-
sues: dipole production is still not started; technical de-
sign of the vacuum system requires proof-of-principle
experiments.

Component status:

a) RF debuncher: readiness — 25%. The first of series RF
debuncher is delivered to FAIR. SAT is ongoing.

b) Stochastic cooling: readiness - 22%. The Pick-up pro-
totype of stochastic cooling system is under development.
C) All other CR components (magnets, power supply,
diagnostic, vacuum...): readiness — started

Presently 35 BINP experts are working on the CR project.
All BINP experts are busy partially from 5 % to 50 %
working time for CR project. Totally it corresponds to
11.95 FTE.

High Energy Storage Ring “HESR”

The production of the HESR is in full swing. All deliver-
ies are according to plan. Schedule, Content and Budget is
on target. The HESR components are in intermediate
storage close to the FAIR site and will be relocated to
their final storage area in 2017.

Commons

The status report for the subproject Commons follows the
major technical systems used in all other subprojects.

The Subproject Commons takes the responsibility for the
major technical systems (listed .psp numbers according
Work Breakdown Structure (WBS)):

.psp 2.3. (High Energy Beam Transport (HEBT))

.psp 2.14.1 (Electric Power (EP))

.psp 2.14.8 (Cryogenics (CY))

.psp 2.14.10 (Controls (CO))

.psp 2.14.12 (Transport and Installation (T1))

.psp 2.14.xx (smaller work packages, will not be reported
in detail)

.psp 2.3 High Energy Beam Transport (HEBT)

Magnets:

After the first pre-series dipole magnet had successfully
passed the SAT Ab in March 2016, the second pre-series
dipole magnet was delivered by the end of September
2016. In the meanwhile the dipole magnet passed the
SAT Ab and the series production of in total 51 dipole
magnets started. At the beginning of March 2017 the first
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two series dipole magnets passed the FAT. These dipole
magnets will be delivered to GSI/FAIR at the end of
March. At the same time series dipole magnet number
three and four will be ready for the FAT.

1 w

Figure 2: dip13_0 during magnetic measurement at GSI

The magnets of batch2 and 3 (22 dipole, 166 quadrupole,
92 steerer magnets) will be built by the Budker Institute
of Nuclear Physics (BINP), Novosibirsk, Russia. While
most of the magnet types are currently in the final design
phase, stamping lamination and production of yokes of
the standard 18Tm quadrupole magnets has already start-
ed.

Power Converters:

The power converters for HEBT quadrupole and steering
magnets will be mainly built by the Indian company ECIL
(Electronics Corporation of India Limited, 152 for quad-
rupole and 44 for steering magnets). In November 2016
two prototype quadrupole power converters were deliv-
ered.

Beam Instrumentation:

The day zero beam instrumentation of the HEBT lines
foresees resonant transformers (RT), fast current trans-
formers (FCT), and particle detector combinations (PDC)
for intensity measurements and secondary electron emis-
sion grids (SEM-Grid) (see figure 3), multi-wire propor-
tional chambers (MWPC) and scintillator screens (SCR)
for the determination of the transverse beam profile.
Prototypes of all these instruments have been tested suc-
cessfully during the GSI beamtime 2016. In addition, the
beam loss monitor (BLM) has demonstrated its capability
for future requirements.
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Figure 3: Prototype of SEM-Grid detector
After all prototypes passed the tests, the production of
RT, FCT, PDC, SCR, and MWPC started. The purchasing
of SEM-Grids and Beam Loss Monitors will follow soon.
Moreover, significant progress was achieved with regard
to the auxiliary components related to beam instrumenta-
tion detectors.

Vacuum chambers:

The vacuum chambers for the dipole magnets of batchl
will be built. Based on the experiences made with three
prototype vacuum chambers which were accepted as pro-
totype only in June 2016, several remedial measures were
taken for the series production.

Power Connection to FAIR:
The Technical Department CSEP has successfully sup-
ported FAIR Site & Buildings (FSB) in the procurement
process and negotiations with energy providers. The con-
struction of the new FAIR transformer fields north and
south is on time-schedule (see figure 4). Necessary pre-
paratory work by FAIR S&B was completed in time. Or-
ders for 3 of 4 main items (buildings, transformers, high-
voltage cables) have been placed.. The work on the trans-
former field north has started in February 2017 and will
be finished by the end of the year. The work on the trans-
former field south has started in March 2017. No specific
completion date !\g&2018 required.

igure 4: FAIR transformer field north
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Power converters Cables and Machine cable manage-
ment

PSP-structure and MSP-plans for all technical depart-
ments have been created. Cable costs for delivery, cable-
laying and assembly were determined on the basis of in-
formation provided by the technical departments.
Measures have been taken to update the existing data in
completeness and quality.

A new work package “coordinating function for cable
procurement and cable routing” was established to merge
all accelerator related cable data. The aim of this task is to
create a complete cable data base, appropriate to go into
procurement processes for accelerator cables in synergy
with FSB standards for cable planning and purchase.

Cryogenics (CY)

The Technical department Commons Cryogenics (CSCY)
is responsible for the GSI and FAIR wide cryogenic heli-
um cooling of superconducting magnets. CSCY is pres-
ently operating a prototype test facility (PTF) , a series
test facility (STF), the Helium Supply Unit and two more
Cryo plants for R3B GLAD magnet testing and for the
cooling of the CRYRING electron cooler solenoid. The
main customers at FAIR are the SIS100 and the Super-
FRS with a total helium inventory of about 8 tons, and
CSCY serves additionally small consumers like the final
focusing system of APPA and the large scale experiments
CBM/HADES and Panda. In addition the department is
responsible for the so-called local cryogenics belonging to
SIS100 and Super-FRS respectively. In the following
different resent activities will be highlighted:

Helium Supply Unit (HeSu):

The HeSu is a liquefier with a decant station, a mobile
Dewar parking station and a warm gas recovery system
with campus wide helium return lines. The HeSu was
taken into operation in 2015 and has delivered more than
7,000 I of LHe to users onside the campus so far. The
main purpose is the cryogenic testing of FAIR prototypes.
It has a liquefaction capacity of approximately 25 I/h for
pure helium gas and 17 I/h in purification mode. A picture
of the installation is shown in figure 5. Part of the HeSu
project was in addition a universal cryostat for the testing
of FAIR components, in particular SIS100 beam pipe
vacuum chambers. The universal cryostat has a more than
4 m long cold testing area with an actively cooled table.
Two views of the universal cryostat are shown in figure 6.
Several different cooling schemas are realized:

(a) LN shield cooling and LHe 4 K cooling with Dewars
(using the HeSu)

(b) LHe cooling only, with a boil-off cooling of the shield
using again Dewars

(c) connection to the universal connection box of the STF,
see below. The planned and realized overall budget for
the HeSu, including the universat cryostat and a campus
wide recovery system was 1.75 ME€.
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Figure 5: Helium Supply Facility ( He

Figure 6: Universal cryostat for FAIR components testing

Cryogenic Infrastructure for the Series Test Facility
(STF):

The series test facility for SIS100 dipole serial magnet
testing was taken into operation in 2015 and continuously
running in 2016 for the testing of the first of series (FoS)
dipole magnet, but additionally for the test of the SIS100
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main current leads, for the SIS100 local current leads, for
SIS100 cryopumps and for the site acceptance test (SAT)
of the first parts of the local cryogenics for SIS100 ar-
rived at GSI in summer 2016. The STF has an overall
cooling capacity of 1.5 kW @ 4 K equivalent is equipped
with four test benches for magnet testing and one univer-
sal connection box. Up to now the plant has about 10,000
h of operation. A picture of the STF cryogenic infrastruc-
ture is shown in figure 7.

Figure 7: Serial Testing Facility (STF) in operation

Procurement of the FAIR Cryo Plant CRYO2:

For FAIR one central cryo plant will be installed serving
the helium cooling capacity for SIS100, Super-FRS, CBM
and HADES. In the first step a 19 kW @ 4 K equivalent
cryo plant will be installed, including a campus wide 1.6
km long distribution system. Two industrial studies con-
cerning the cryo plant layout were performed in 2014 and
afterwards the specification was progress continuously
adapted to future user requirements. According to the
present civil construction time schedule the procurement
phase is currently in preparation: The specification is un-
der final approval, the budget is released and the official
announcement will take place in the second quarter of
2017. Depending on the time for the negotiation with the
suppliers, the contract is planned to be signed end of
2017. According to the present time schedule the plant
installation will take place in the second half of 2021 and
the commissioning will be performed until the end of
2022.
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Control Systems (CO)

The activities of the accelerator Controls Department is
fully focussed on the development and implementation of
the accelerator control system for FAIR.

During the past 6 months significant progress has been
made on all control system subprojects. The design of the
standard equipment controllers (SCU) for FAIR power
converters and many other systems, of which more than
1200 units will be needed, has been successfully complet-
ed and production and assembly of the first batch (100
units) has been finalized. Several components of the new-
ly developed White Rabbit protocol-based high precision
time and event distribution system, backbone of real-time
control in the control system for the full facility, has been
further developed and already installed in as a prototype

~ test system for the CRYRING machine. Electronic timing
| receiver boards (FTRN) in several form factors (PCe,

VME, PMC, uTCA), both GSI in-house developments as

i well as Slovenian in-kind contribution projects are under
{ development. Schematics design and board layout has

been checked and prototypes have been produced or are
presently under production for test and evaluation. Signif-
icant progress has been made in development of the fun-

. damental underlying control system software frameworks

for accelerator equipment control (FESA), communica-
tion middleware, databases, physics modelling of the ma-
chines and beam lines (LSA) as well on user interfaces
graphical control room applications. On the industrial
controls side, vacuum control with the industrial control
SCADA-based UNICOS framework has been developed,
installed, commissioned and is presently under testing at.
The vacuum bake-out of several sections of the CRYR-
ING has been already successfully tested in the last 2
months, shortcomings and problems being identified and
are being addressed in the ongoing development. In re-
spect of cryogenic controls, several cryogenic sensors and
actuators have been tested as a sound base for the cryo-
genic controls system design. Subsequently technical and
functional specification documents for the control system
of the upcoming tendering of the FAIR central cryo-plant
have been worked out and are presently under formal ap-
proval.

In January 2017, the IT hardware base of the accelerator
control system, both used for development and tests of the
new system as well as for operation with the existing GSI
accelerators, have successfully been relocated to the new
FAIR computing center building, the Green IT Cube (see
figure 8). While presently a full row of 14 racks are
equipped, the setup is arranged and designed for future
extensions to control the full scope of the FAIR accelera-
tor facility.
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Figure 8: Relocation of accelerator controls hardware to
the Green IT Cube

Following the agreed project strategy of the control sys-
tem subproject, the full control system architecture was
implemented at the new CRYRING machine, being used
as test-bench for FAIR. During the last 6 months numer-
ous tests have been performed in order to identify bugs
and limits. Finally the control system was already used
for commissioning the CRYRING local injector with
beam and the injection into the CRYRING storage ring
itself. Presently a new release of the control system stack
is being prepared for beam operation in May. In parallel,
the control system team is fully engaged in providing the
FAIR control system already for the upcoming beam time
of the existing GSI machines in 2018 and 2019. These
two applications to existing machines will greatly reduce
the time and risk during commissioning of the FAIR ma-
chines.

Transport and Installation

Numerous workshops on the topic of accelerator installa-
tion have been carried out since Q3/2016, resulting in the
creation of dedicated additional work packages and corre-
sponding detailed installation plans.

An overall concept for the intermediate storage of FAIR
components is in progress. Measures have been taken to
use existing Campus Facilities according increasing re-
quests for adequate component testing and storage. The
overall need for intermediate storage leads to leasing of
external storehouse areas. Presently the storage of HESR
components delivered by Forschungszentrum Julich (FZJ)
is ongoing (see figures 9 and 10).
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Figure 9: Unloéding of one HESR dipole magnet (weig-h't:
35t) at the site of an external storehouse

Figure 10: Remote positioning of an HESR dipole magnet
for intermediate storage.

Engineering /Mechanical Integration

For visualization of beam lines, buildings and technical
building services and for facilitation of coordination tasks
and test processes of web-based tool, the Kisters 3D
viewer, was implemented. This tool allows work package
leaders, subproject leaders and management to receive a
general review about the content. Independently of CAD
tools the configuration of the beam lines will be shown in
connection to their position in the buildings. This view
can be used on any web-connected unit like computers or
mobiles independently of any licence structure. The con-
tent will be updated regularly once in a month by the per-
son in charge of DMU group.

Figure 11 shows the screenshot of the Kisters 3D viewer
with the detail of the HEBT beam lines and buildings.

T = W —
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Figure 11: Screenshot of that based Kisters 3-D viewer
with HEBT

FAIR Site & Buildings

The approval for the tendering and subsequent award of
civil works for the construction area North by the BMBF
is given mid-September 2016. The reorganization of the
S&B department is completed. The development of a
staffing plan of S&B department is also completed.

The civil works execution plan for the FAIR project is
divided into construction area North and construction area
South. The contractual schedules with the civil design
companies will be adapted accordingly to next steps. De-
tailed scheduling of civil work packages is currently pro-
gressing in cooperation with the civil designers.

An overall time schedule including defined periods for
installation of machine components was developed as part
of the integrated project master time schedule.

The tenders for groundwater lowering, trench sheeting
and excavation in the construction area North are in the
negotiation phase. The award of this contract is planned
in Mai 2017. Subsequently it is planned to start site works
in July 2017. The tender process for the SIS 100 shell
construction works is progressing as per plan aiming at
contract award in 4th quarter 2017.

The overall project civil construction permission is issued
since 2014 for the entire facility. Some construction per-
missions for the buildings have to be revised as part of the
design process (e.g. for the north and south electrical sub-
stations). The revised applications are scheduled in line
with the civil construction schedule.

FAIR Experimental Areas

Major developments for the experimental areas of CBM,
APPA, NUSTAR & PANDA are described in the follow-
ing chapters.

APPA

Work on design and construction of the experiment com-
ponents proceeds as planned. Special attention is devoted
to the components which will already be used in the FAIR
Phase-0 for experiments. Especially the installation and
commissioning of the CRYRING at ESR is a main col-
laboration activity with strong support from on-site spe-
cialists. The realization of the ultra-high vacuum in the
ring started according to the planning. The performance
of the local injection is continuously improved. The elec-
tron cooler was reassembled, cooled down to Liquid-He
temperature and demonstrated his superconductivity. In
addition, the new FAIR control system is getting imple-
mented and tested in the ring. The next test with beam is
planned for May 2017, when also the first training for
accelerator operating team with the new control system
will take place. The time scheduling and the installation
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plans of the subprojects were improved in an additional
effort by the collaborations.

Within the reporting period, APPA completed and sub-
mitted one TDR (Beam line matching section for Plasma
physics experiments) to FAIR for the ECE evaluation. A
second TDR, Gas-Jet Target for CRYRING, is presently
in the stage of internal review and will be submitted soon
to FAIR for evaluation.

Concerning the In-kind contracts listed in the previous
section the Detailed Technical Specifications and time
lines have been defined and are currently in the process of
internal collaboration approval and FAIR management
check.

CBM

CBM experiment: The CBM magnet has been contacted.
The silicon tracker (STS), RICH, time-of-flight (TOF),
and muon (MUCH) detector systems have approved
TDRs, are in the engineering design phase, and full sized
pre-series chambers are verified in test beam campaigns.
The STS, as most complex detector project, will structure
the production readiness reviews in three parts (sensor,
electronics, integration) planned for 2017 and 2018. A co-
operation with JINR, which builds 4 silicon tracker planes
using the same technology as CBM to augment the
BM@N tracking system, will help to widen the manufac-
turing competence. The photon detector of the RICH is in
an advanced stage, 2/3 of the photo multipliers are tested.
The RICH readout is a joint CBM, HADES, and PANDA
development. This detector component has a modular
design and will be used in the context of the HADES ex-
periment at SIS-18 starting 2018. The production of the
first batch of TOF chambers will start in April this year.
The PSD detector also has an approved TDR, is already in
production phase. The STS, RICH, TOF, and PSD activi-
ties at BM@N/JINR, STAR/RHIC and HADES/SIS-18
constitute the CBM FAIR Phase-0 activities which will
gain early operational experience for these detectors and
generate valuable physics data.

NUSTAR

For all experimental set-ups of the NUSTAR pillar, the
list of components and associated Work Breakdown
Structure code (PSP Code) was refined and re-confirmed.
An intense activity was devoted to the improvement of
the time scheduling of the sub-project, which was
matched to the Integrated Master Schedule of the FAIR
project. For each experiment, the milestone defining the
completeness of each component necessary for the instal-
lation of the experimental set-up was mirrored in an over-
view plan, the Level-2 plan. This allowed also the crea-
tion of a devoted Installation plan. The time range availa-
ble for installation is established in the plan of the Civil
Construction. Two time windows define the time range
available for the assembly of components. The allocated
time slot for the installation of NUSTAR experiments is
in some cases too early with respect to the foreseen beam
availability. The beam availability is scheduled in only
one plan (Commissioning plan) for the whole FAIR pro-
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ject. For this reason, it is foreseen to re-schedule the ex-
periment installation starting backwards from the Com-
missioning plan. This would be advantageous for some of
the experimental groups which could profit from experi-
mental activities at the upgraded GSI facility and other
laboratories.

Work has continued on the detailed technical specifica-
tions for several In-Kind and Collaboration Contracts.
The TDR for the common NUSTAR data acquisition sys-
tem has been submitted and further TDRs are expected in
the next six months. Work on NUSTAR detection sys-
tems, electronics, data acquisition and associated infra-
structure is proceeding according to the internal planning.
Focus is on readiness for FAIR Phase-0 experiments from
2018 onwards. The CDR for the LEB magnets has been
updated and the present version is currently under evalua-
tion by internal experts.

PANDA

Electromagnetic Calorimeter (EMC): The first-of-series
of 16 modules of the Target Spectrometer Barrel EMC is
under construction and is planned to be completed in
summer 2017 after the delayed delivery of the PCBs
needed for the mounting of readout chips.

The delivery of the high-purity PWO base material fund-
ed by Russia has started and will be completed by May
2017. The first two samples showed excellent quality and
are stored for further processing. The crystal producer has
produced crystals of a pilot series, which show very good
quality.

The mass production should resume as soon as possible,
to prevent delays. The Forward Endcap EMC is currently
under construction in Bonn and Bochum and will be fully
assembled until mid 2018. The module design of the
Backward Endcap EMC has been revised and is complete
now. A full readout chain successfully has been tested
with beam.

Superconducting Solenoid Magnet: The PANDA solenoid
magnet has been assigned to BINP Novosibirsk (RU) and
a collaboration contract for the construction of the com-
plete magnet was signed in March 2017. Work has started
and the next step will be a plan review in summer 2017.
In addition to the construction contract a service contract
for the complete field mapping of the magnet on-site at
BINP is being drafted.

Barrel DIRC: The TDR of the Barrel DIRC, was submit-
ted in September 2016. In fall 2016, further test-beam
measurements were done with a plate shaped design of
the radiator. The detailed analysis of the result is present-
ed in an addendum to the TDR being submitted in April
2017 along with the start of the review of the TDR by
ECE.

Luminosity Detector: The Luminosity Detector TDR has
received comments from an internal review in 2015,
which were addressed in further R&D work during
2015/16. The resulting enhanced version of the TDR was
reviewed anew and is now approved for submission to
FAIR. A full-scale prototype of the core sensor compo-
nent, will be tested in summer 2017.
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Time-of-Flight (ToF) Detectors: The technical design of
the Barrel ToF Detector is based on Silicon Photomulti-
pliers and thin scintillator tiles. The Forward ToF consists
of more conventional large area scintillator bars read out
by photomultiplier tubes. The TDRs of these detectors
were submitted to an internal review at the beginning of
2017. The TDR of the Barrel ToF Detector was approved
for submission to FAIR in March 2017, the Forward ToF
TDR is supposed to follow soon, at the latest by June
2017.

Infrastructure: Currently the detailed planning of the in-
frastructure of the PANDA experiment is being brought
to the next level of detail in the context of the execution
planning of the PANDA hall along with all technical ser-
vices and the routing of cables and pipes. The experiment
infrastructure comprises support structures, rails, gas dis-
tribution, electrical power distribution and cooling sup-
plies. In addition, there are service networks and the con-
trols infrastructure.
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Concept for content and structural quality assurance of CAD models for inte-
gration into the DMU models of accelerators developed

L. Heyl*, C. Will*,
1GSI, Darmstadt, Germany.

The sublimation of the CAD models, prepared by
GSI and by the collaboration partners, to a high-
quality overall model is only possible by consequent
structuring. Therefore the qualitative properties of the
individual models have to be considered before inte-
gration.

As a virtual image of the accelerator systems and their
structural embedding, a synthesis of CAD models of
buildings, technical building equipment and accelerator
systems has been developed in the DMU group, which is
part of Engineering Mechanical Integration (ENMI).
These CAD models allow the visualization of the compo-
nents, interfaces and the media supply. Furthermore,
transports and assembly tasks can be planned based on the
model.

The models have been created using CATIA as CAD
program and are based on the ion optical layout and the
information of the specialist groups. The product data
management functionality of SAP has been used for man-
aging models and drawings.

PDM is defined as "the management of the product and
process model with the objective of generating unique
and reproducible product configurations” [1]. It provides
an increase in productivity due to reuse of models, a con-
siderable time advantage by a fast information access, an
improvement of co - operation within and outside the or-
ganization and a reduction of throughput times. [2]

Modern PDM functionality (such as implemented in the
PLM-systems SAP-PLM, Enovia V6, Oracle Agile or
PTC Windchile) ensure, that changes to models, which
have already passed an approval cycle, are displayed with
a changed revision level. In addition, the structure of
models, the designation of parts and the reuse of compo-
nents are managed.

The contents of the CAD accelerator models have been
updated not only by the adaptation of models created by
GSlI, but also by the integration of CAD models of exter-
nal collaboration partners. For these models, if not created
by CATIA, the STEP format will be used as a system-
independent exchange format for 3D CAD models.

To integrate these models into the CATIA SAP, the En-
terprise Connector (EnCo) from CENIT is used at the GSI
Helmholtz Center.

For integration, EnCo checks the clear identification of
the models consisting of the model number and the revi-
sion status, as well as the designation. If this information
matches with already existing data, the already integrated
data are reused.
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As changes in the content of the system, which have
not been indicated by the change of the revision status,
cannot be detected, this will lead to an alienation of the
information.

At the latest during the integration of individual models
into the overall system of the 3D model of the accelerator
systems, erroneously structured data sets lead to a consid-
erable time overload due to the necessary manual rework-
ing. Not all external collaboration partners use a PDM
system for managing CAD models and drawings. It is
also possible, that the STEP-converters from different
CAD-systems cause errors during converting process.

In the DMU group a method has been developed to
scan the structural, the content and the orientation-
relevant properties of the models. This method is used to
check designation, structure, positioning, orientation,
completeness and volume of the model components. With
this information the Macro identifies the already in SAP
stored components and exchange them in the new models.

In the second step, a program checks whether the draw-
ing number of the components of the model matches the
supplied drawings. Possible errors can be remedied using
the results log. So the EnCo can store the new models and
drawings in CATIA SAP correctly. A faulty data exchange
can be avoided.

At the same time, the recording of the scan results and a
traceable documentation of the made modifications are
carried out. The structural agreement between the model
and the drawing set is examined and data integration is
facilitated.

Based on this concept, the model structures, that are
specific to the supplier, can be tested and, if necessary,
corrected.
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Design studies for Cryogenic Current Comparators (CCC) at FAIR

F. Kurian**?3, M. Schwickert!, T. Sieber?, R. Stolz*, T. Stohlker™?
1GSI, Darmstadt, Germany; ZHelmholtz Institute, Jena, Germany; 3Eriedrich-Schiller University, Jena Germany,
IPHT Jena, Germany

For beam intensity measurement in the FAIR accelera-
tor facility, development work for an advanced Cryogenic
Current Comparator (CCC-XD) system is ongoing in as-
sociation with the collaborating partners at TU-
Darmstadt, FSU- Jena, CERN-Geneva and IPHT-Jena [1].
There are four major components for the CCC-XD, a
suitable cryostat and cryogenic environment, a supercon-
ducting beam current to readout current transformer with
superconducting shield, a SQUID readout and data acqui-
sition. While the design of a universal cryostat which ful-
fils the special boundary conditions given in the FAIR
beam lines has been worked out, some of its components
still undergoing optimization. The focus in this phase of
the development lays on the readout using the shield and
SQUID which will be described herein.

Optimization of the CCC Design for FAIR

There are obviously contradictory needs for the CCC im-
plementation at FAIR: First of all, the beam installation
restricts the size of the cryostat and thus the dimensions
of the CCC. Secondly, since the CCC should cope with
larger dimensions given by large beam tube diameters
(160 mm) of FAIR beam lines which. But as already
shown before [2], a larger diameter of the magnetic shield
reduces the magnetic shielding factor of the CCC. At the
same time, given by the requirement of a compact cryo-
stat with separated insulation vacuum, a minimum possi-
ble outer diameter of the shielding has to be achieved.
This also limits the sensitivity of the CCC which was ap-
proved by simulations.

To ensure minimum temperature fluctuations on the lig-
uid helium surfaces, which were previously shown to
cause large drifts in the CCC output signal [3], the ther-
mal load had to be minimized even though a room tem-
perature UHV beam tube needed to be introduced as a
‘warm-hole’ through the cryostat. The cross-sectional
view in figure 1 shows the recent design of the cryostat.
Besides a stable operation at FAIR, it also has to provide
easy access to all internal parts to allow exchange of CCC
components during future development work. Therefore,
the isolation vacuum chamber consists of a stainless steel
frame with Aluminum windows, which can easily be re-
moved and thus the CCC mounted and serviced in the
cryostat.

All these factors led to the development of new concepts
for the CCC without magnetic core and with reduced di-
mensions of the superconducting magnetic shield de-
scribed in the next section.
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Figure 1: Cross-sectional view of the schematic design of
the new CCC system for FAIR

Radially Stacked Magnetic Shield for CCC

For the operation of CCC system as a standard diagnostic
instrument in FAIR beam lines, large baseline drifts (long
term drifts as well as instantaneous drifts) due to tempera-
ture fluctuations has to be minimized. Hence, in order to
characterize both types of drifts, detailed experiments on
the magnetic shield are still in progress. Preliminary re-
sults show clear indications that the high permeability
ring core (which acts as a flux concentrator and enhances
the magnetic field coupled to the sensor unit) is the main
source of the drifts.

In order to achieve better current resolution through en-
hanced field attenuation and removal of temperature fluc-
tuations of the ring core, which is additionally a source of
strong Barkhausen noise, a radially stacked design of
magnetic shield is proposed. In this scheme, unlike the
magnetic field pickup by the pickup coil, the magnetic
shield itself acts as the single turn pickup coil. The super-
conducting screening current will in this case be induc-
tively coupled to a next generation dc-SQUID with an
inductance matched to the shielding. The magnetic shield
is radially stacked and thus improves the attenuation fac-
tor and reduces dimension at the same time.
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Figure 2: Radially stacked meander CCC.

This new implementation of the CCC is planned to be
tested in the new cryostat, which will in installed in the
Cryring@ESR storage ring. Depending on the perfor-
mance compared to the classical solution, application in
the FAIR facility is foreseen.
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Vacuum acceptance test of ferrites for UHV applications

P.M. Suherman, M.C. Bellachioma, J. Cavaco, C. Kolligs
GSI, Darmstadt, Germany.

Introduction

In the last several years, the activities of the vacuum
lab, as part of the CSVS (Common System Vacuum Sys-
tem) Division at GSI, have been mainly focused on assist-
ing the realisation of the FAIR project. These mostly in-
volve the vacuum acceptance test for some components
used for the FAIR project, such as outgassing rate meas-
urements, leak tests, and residual gas analysis. In addi-
tion, the vacuum lab also conducts the fabrication of NEG
coatings on vacuum chambers for HESR (High Energy
Storage Rings) [1]. This report presents some results ob-
tained from the vacuum acceptance tests of different types
of ferrites.

Vacuum Properties of Various Ferrites

The vacuum properties of different types of commercial
ferrites (Table 1) have been investigated, as part of a re-
quest from SCBC (Stochastic Cooling Beam Cooling)
Division, GSI Darmstadt. One of the ferrites is foreseen
to be used in the Palmer pick-up and kicker for the CR
(Collector Ring).

Table 1: Different Types of Ferrites

Temperature
No. Types treatment (ina Sample Condition
vacuum oven)
1 TypeAl 300°C,3h Cleaned, as-fired, Not ground
2 Type B 300°C,3h Cleaned, as-fired, ground
3 Type C As received, as-fired, ground
4 Type D As received, as-fired, ground
5  Type A2 As received, as-fired, ground

Figure 1 shows the temperature dependent outgassing
rates of the ferrites over the bake-out cycles. The bake-
out temperatures in this experiment (80 °C and 150 °C)
were chosen based on the demand from the SCBC Divi-
sion. It was assumed that the temperature of the future
setup will increase to such values ((80 °C and 150 °C)
during operation.

The results showed that all of the unbaked (as-received)
ferrites were not suitable for UHV (ultra-high vacuum)
applications due to high outgassing rates (> 1x10™
mbar.l/s.cm? at room temperature), especially for use at
higher temperatures. Even with longer pump down times,
the outgassing rates were still slightly higher than the re-
quired value. The extrapolated outgassing rate at room
temperature after one week pump down time for Type Al
ferrite, for example, was about 1.6x10™° mbar.l/s.cm?.

After bake-out cycles, the outgassing rates of the fer-
rites were in a marginal acceptance value. The outgassing
rates might be improved more significantly with higher
bake-out temperature (e.g. 250 °C for 24-48 hours).
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Figure 1: Time dependent outgassing rate of different fer-
rites over the bake-out temperature ranges.

The RGA (residual gas analysis) scans for all the fer-
rites at room temperature and after bake-out temperature
did not show any concern of contamination or any un-
wanted chemical elements. Figure 2 shows the RGA scan
of one of the ferrites at room temperature after 24 hours
pump down.
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Figure 2: Normalised ion current of the RGA spectra of
the empty chamber and the chamber loaded with Type A2
ferrite (as-received, no thermal treatment) after 24 hours
pump down.
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High precise 3D measurements with laser tracker through optical glass under
cold-vacuum conditions

A. Junge’, V. Velonas®, K. Knappmeier?, T. Miertsch?, I. Pschorn®, C. Schréder?, F. Walter?,

B. Zielbauer,
GSI, Darmstadt, Germany.

Applying an already existing procedure to monitor a
cold mass component for deformation and movements
with regard to a cryostat covers not all the desired needs.
The procedure relies on a combination of two instru-
ments, a theodolite and a laser tracker. The observer per-
forms optical measurements through different optical me-
dia which is air, an optical glass and vacuum. The optical
glass is mounted on the integrated viewport on the cryo-
stat and represents the window between air and vacuum.
The results by using this procedure are very accurate (ab-
solute position of the target is less than +0.1 mm). The
disadvantage is that the yielded results are only 2D and
not 3D. This is because of the missing distance between
the theodolite and the targets. To overcome this problem a
direct replacement of the theodolites by the laser tracker
is suggested in order to measure directly a distance con-
temporaneous with the angles on the targets/spherical
mounted reflector (SMR) as shown in Figure 1.

cryostat fiducials

Figure 1: The suggested concept where the theodolite is re-
placed by the laser tracker

First tests showed that measurements through uncoated
optical glass are disturbed by reflection. The laser beam is
reflected diffusely on the glass. The superposition of the
different laser beams cannot be interpreted by the laser
tracker. Therefore a coating of the glass, adapted to the
wavelength of the laser tracker, is imperative. The used
(coated) optical glass has an actual thickness of
15.10 mm. Its coplanarity is better than 0.01 mm. The
surface flatness of both window sides was specified as 1.5
lambda PV (peak to valley) or better.

Before verifying measurements inside a vacuum cham-
ber this coated glass was used for measurements at com-
mon conditions on air. The beam transmits the media air,
glass and air again. The repeatability of focusing a target
behind the glass was about +0.005 mm in 3D. A compari-
son of observations accomplished through glass and with-
out it showed range and angle errors. With the aim of
error compensation the physical effects which act on the
beam were analysed.

! alignment@gsi.de
2 ¢.schroeder@gsi.de; * f.walter@gsi.de; * b.zielbauer@gsi.de
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Measuring through a glass blank, laser tracker observa-
tions are disturbed by several physical effects. Therefore a
new complex mathematical model was developed for the
calculation of a 3D position behind a coplanar glass by its
pseudo observations. As a difference to conventional laser
tracker measurements, there is the need to measure the
front plane of the glass to define its normal, which is
needed for the computation of the angle of incidence.
Further the plane gives the distance from laser tracker
source to the glass front. Furthermore the value of the
glass thickness needs to be known and must be given with
an accuracy of £0.01 mm. By applying this mathematical
model the absolute 3D point accuracy is about
+0.015 mm.

Afterwards measurements inside a vacuum chamber
were accomplished. Now the laser beam transmits the
media air, glass and vacuum (Figure 2). The repeatability
of focusing the targets inside the vacuum was +0.005 mm.
Using the mathematical model the absolute 3D point ac-
curacy for measurements inside the vacuum chamber is
identical with the measurements through air-glass-air
about £0.015 mm.

LB: ny,=fiGlass material, LT wavelength)

LB =1 SMR

window A
chamber

LT LB: nlzf(T, P, RH)

" laser beam (LE)

Figure 2: Splitting the distance in separate parts regarding the
refractive index of the different optical media

Under cold vacuum conditions (90 K) additional test
were performed. Through a second port the observation of
the laser tracker was contemporaneous checked by a fur-
ther independent instrument (theodolite). The investiga-
tions showed that the mathematical model works correct
under cold-vacuum conditions. 3D point accuracy of
0.01-0.03 mm can be achieved by a laser tracker system.

Absolute 3D Measurements through an optical glass
with laser trackers are possible as long as the suitable
glass material and coating has been chosen. The mathe-
matical model must be used as a post processing method
to eliminate or reduce different errors that yields to abso-
lute coordinates of points measured behind the glass. [1]
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Development of new projectiles for future FAIR experiments

A. Adonin and R. Hollinger
GSI, Darmstadt, Germany

The upcoming FAIR facility will provide wide oppor-
tunities for investigations and research in different
branches of science including antiproton physics, bio and
material research, nuclear astrophysics and many others.
Some of the FAIR experiments require improved quality
and intensity of ion beams for certain ion species as well
as the new projectiles as primary ion beams. To fulfil
these requirements the tests on Terminal Nord with high
current VARIS ion source have been performed in 2016.

Seven elements were tested in various operation modes
and under different conditions. For three elements (O,,
Mg and Mo) the goal was to improve the performance
and another four elements (Al, V, Zr and Ru) have never
been performed from high current ion sources before. The
main results of the tests are summarized in Table 1. For
middle-heavy elements (V, Zr, Mo and Ru) the perfor-
mance has been tested for various ion charge states opti-
mizing for highest particle current and stability of opera-
tion.

Table 1: lon beam currents achieved with VARIS ion
source in front of the RFQ for various charge states and
operation modes, using different auxiliary gases.

Element Prqwded Duty Beam Auxnlgry
ions cycle current | material
0, %20," 2 Hz 35mA | V-cathode
Mg Amg* 2 Hz 3.5mA He-gas
Al S\l 2 Hz 2 mA 0,-gas
Sy 27Hz | 23mA 0,-gas
\4 51y y2+
V 2.7 Hz 4.5 mA -
7 0zr2* 1 Hz 8 mA N,-gas
r
07y 2 Hz 6 mA He-gas
Mo BMo* 2 Hz 5mA He-gas
1022 2 Hz 9mA He-gas
Ru 102 3+
Ru 2 Hz 5mA -

Plasma generation processes in vacuum arc ion source
define a certain distribution of ion charge states in plasma
and in extracted beam, respectively. This distribution de-
pends mainly on plasma density and could be changed by
tuning the ion source parameters or by changing the oper-
ation duty cycle. Normally the ion source is optimized for
maximum production efficiency and the distribution max-
imum is situated on the desired ion charge state. However
during the ion source optimization for highest beam cur-
rent in front of the RFQ the maximum of this distribution
could be shifted to higher charge states reducing the pro-
duction efficiency. The situation could be improved by
adding to the plasma a small amount of proper auxiliary
gas. Due to varied energy- and charge-exchange schemes
in ion source plasma the maximum of the distribution
could be returned to the desired ion charge state further
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increasing the beam intensity (Fig.1). Moreover admix-
ture of the auxiliary gas in most of the cases leads to a
more stable vacuum arc and results in noise reduction of
the beam pulse and improved pulse-to-pulse repetition.
On Figure 1 the influence of auxiliary gas on charge state
distribution as well as on the production efficiency for
Zr** and Ru*" ions is demonstrated.
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Figure 1: Optimization of the spectrum and production
efficiency for desired ion charge state by using auxiliary
gas on example of Ru (upper) and Zr (lower).

Summing up, the production of O," ions was the most
efficient using V-cathodes. It showed very good perfor-
mance also with 2 Hz repetition rate. Magnesium has
shown very good pulse-to-pulse stability. The production
efficiency was optimal using helium as auxiliary gas. Al-
uminium showed average performance with noisy beam
pulses and pulse-to-pulse instabilities even with auxiliary
gases. Situation became worse by increasing the duty cy-
cle. In contrast to Al vanadium showed extremely good
performance also with 2.7 Hz (maximum requested for
FAIR experiments) operation. Oxygen is a proper gas for
production of V* ions. Also one could tune the ion source
for production of V** ions. In this case no gas is neces-
sary. Operation is very stable with the same particle cur-
rent as for V. The highest particle current for zirconium
has been achieved with Zr** ion beam. However the stable
operation was possible only with 1 Hz. Switching to
charge state of 3+ notably improved pulse-to-pulse stabil-
ity and allowed higher repetition rates but at the cost of
particle current. The similar situation was with ruthenium.
Molybdenum has shown much better stability and higher
particle current with 3+ charge state compare to 2+.

As the conclusion, four new projectiles from high cur-
rent ion sources have been developed for FAIR experi-
ments. Operation with three elements has been notably
improved. As next steps further performance optimization
for considered elements for 2.7 Hz operation as well as
tests with Si and Nd are planned.
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SI1S18 Upgrade

In order to prepare SIS18 for the operation as fast cycling
FAIR injector, a technical upgrade has been conducted
and almost completed. This upgrade program has been
defined in the early project phase of FAIR [1]. It follows
a recipe to control the dynamic residual gas pressure dur-
ing beam operation and involves almost all major tech-
nical subsystems [2]. Most of the upgrade program has
been successfully implemented through the last decade.
The still missing technical items will be completed in the
course of 2017. This involves a) the completion of the
new dipole power converter for fast ramping with a ramp
rate of 10 T/s, the commissioning of the last two of three
new MA (magnetic alloy) acceleration cavities, b) the
manufacturing and installation of the IPM (lonization
beam Profile Monitor) system and c¢) the manufacturing
and installation of a new large bipolar dipole magnet for
linking the existing facilities to the transfer line to
SIS100. Since SIS18 will also be the driver for a major
experimental program in the FAIR phase 0, further tech-
nical improvements, machine developments and mainte-
nance measures are continuously conducted from institu-
tional funds. E.g. a new cavity is under preparation for
smoothing the micro spill structure of slowly extracted
ions [fig.1] [3].

Figure 1: A UNILC single resonator cavity is under
modification for smoothing the micro spill structure.

The planned machine developments will provide further
insight into critical phaenomena showing up at high cur-
rent operation or low charge state, heavy ion operation
and will enable the development of methods to counteract
fundamental issues, e.g. the uncontrolled generation of a
microstructure at slow extraction. A major ongoing activi-
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ty which needs to be completed in 2017 is the retrofit of
the accelerator control system. The new control system
architecture, including the new timing system, replaces
the old VMS based controls hardware and will be imple-
mented and tested for the first time for the re-
commissioning of SIS18. The successful completion of
this effort is demanding and crucial for the machine oper-
ation in 2018. In parallel, upper level controls software,
required for generating the set-values for all devices
based on physics models and parameterized algorithms,
will be completed. This software has been developed in
collaboration with CERN, based on the LSA (LHC Soft-
ware Architecture) over the last decade and is presently
tested at commissioning of the new Cryring accelerator at
GSL.

LINK EXISTING FACILITY -
CIVIL CONSTRUCTION
In order to finalize the SIS18upgrade program and to ena-
ble the execution of major civil construction measures,
the machine operation has been interrupted in 2017.

Figure 2: The soil shielding on top of the SIS18 tunnel is
presently enhanced. This requires a table like construc-
tion, carrying the additional weight on top of the existing
tunnel.

To cope for the operation with significantly increased
average beam intensities, beside the machine upgrade, the
SIS18 tunnel construction is presently receiving a major
modification. The so called GAF (Gebdude-Anbindung-
an-FAIR) civil construction project has been launched at
the end of 2016 and shall be completed in January 2018.
The project involves a) an enhancement of the soil shield-
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ing on top of the SIS18 tunnel, requiring a support struc-
ture to cover the additional load, b) a radioactive air man-
agement system, c) a fire protection system based on Ni-
trogen flooding, d) a reinforcement wall at the Northern
arc of SIS18 and e) opening and modification of the East-
ern building wall in the experimental hall, generating the
interface to the FAIR tunnel 101. The underground pillars
acting as foundation of the table are presently constructed
(figure 2).

SIS100 STATUS

Major progress has been achieved in contracting of new
components for SIS100 and developing FOS (First of
Series) devices towards readiness for series-production.

After the successful manufacturing and cold testing of the
FOS superconducting dipole magnet, the series produc-
tion of 110 magnets has been released. The manufacturer,
BNG, has just completed its move of the production line
to a new dedicated building and released the series pro-
duction of the steel for the yokes and the superconducting
coils. Starting from August 2017, one sc. dipole magnet
will be delivered per week to GSI for cold testing. There-
fore, the set-up of the team for series testing of the dipole
magnets over the three years production time is presently
a major issue. The manufacturing of the superconducting
quadruple magnets in Dubna has progressed towards two
integrated units, consisting of two quadruple magnets, a
steerer- and a sextupole magnet. In parallel, the prepara-
tion for cold testing of these units is progressing. The set-
up of the dedicated NICA-FAIR superconducting magnet
test facility could be completed end of November 2016.
The commissioning of the test facility has been celebrated
as an official ceremonial act. In terms of contracts, all
deliverable of JINR for FAIR are covered up to the com-
pletion of the FOS devices. The production chain of su-
perconducting units at JINR and the manufacturing and
integration of the quadrupole modules is the critical path
in the SIS100 schedule. Therefore, a major focus over the
last year has been set onto the completion of the design of
the cryogenic quadrupole modules and the preparation of
the tendering for module production and integration. The
design of the quadruple modules has been conducted to-
gether with industrial partners. The tendering of manufac-
turing and integration, which is one of the biggest tech-
nical efforts for the FAIR accelerators, could be launched
recently. In parallel, possibilities for cryogenics testing of
the integrated modules have been evaluated. The status of
design and manufacturing of the radiofrequency systems,
used for acceleration and compression of the beam has
been progressed well. After successful completion and
testing of the FOS bunch compression cavity by the com-
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pany AURION, the series production of the remaining
eight cavities has been launched. The company RI (Re-
search Instruments) could complete the design and manu-
facturing of the FOS acceleration cavity. The cavity re-
ceives presently an intensive FAT (Factory Acceptance
Test) including ramping with typical machine cycles [fig-
ure 3].

Figure 3: First of Series (FOS) SIS100 acceleration cavi-
ty at factory acceptance test at Research Instruments (RI).

The procurement of several other SIS100 components has
been launched. The goal is to complete the procurement
according to functional sections. All major components of
the injection system, the injections kicker modules and
the injection septum magnets have been tendered and
awarded. As next large system, the components of the
extraction system shall be procured, starting with the elec-
trostatic extraction septum in summer 2017. The local
cryogenics system is one of the most complex and unique
technical systems of SIS100. Especially the bypass lines,
bridging the warm sections of SIS100, differ from con-
ventional cryogenic transfer line by the integrated super-
conducting bus bar system. A FOS bypass line has been
manufactured and delivered by the Wroclaw University of
Technology as Polish inkind contribution. Although the
FOS bypass line has been accepted, the internal design
had to be further improved for series production. The ten-
dering process for the series production of the bypass
lines has launched by WUST (Wroclaw University of
Science and Technology). The design of the overall local
cryogenics system, including the end boxes, current feed
boxes and all bypass lines segments by WUST is progress
very efficient. In order to finalize the (inkind) contracting
of components of the local cryogenics system, it was nec-
essary to complete and approve the specification for the
feed boxes and feed-in lines. The local cryogenics system
components are critical items in the overall SIS100 pro-
ject schedule.
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Introduction

Within this report the various and manifold activities
and achievements of the superconducting magnets divi-
sion (SCM) at GSI are summarized. In the context of
superconducting magnet modules intended mainly for the
SIS100 and Super-FRS, the spectrum of assignments of
SCM ranges from the development of particular modules,
their procurement, and follow-up of their production to the
testing of the devices including the development of sophis-
ticated methods and the set-up of test facilities.

Superconducting Magnets

Rapidly cycling magnets for SIS100

SIS100 Dipoles — status of the series production: In
the course of an intensive series of tests of the First of
Series (FoS) SIS100 main dipole delivered in 2014 showed
excellent results with respect to e.g. quench behaviour,
electric properties, powering, and ac losses. The nominal
field was reached without any issues. However, the
geometrical properties of the yoke aperture were found
to be beyond the specified values caused by an inappro-
priate production technique chosen by the contractor. It
was based on a standard welding technique of the yoke
followed by the milling of the aperture. As a result
the magnetic-field homogeneity showed characteristics
which are insufficient for beam operation and the series
production could not be released.

After a broad survey for alternative production techniques
in cooperation between GSI and the contractor a second
yoke was produced with lamination cut to the final cross
section geometry, and with a novel laser welding technique
(among other changes). Tests of the magnet with the
new yoke were finalized in Q1/2016 with positive results.
The aperture geometry was well improved with respect
to the specified values. Consequently, the magnetic field
provides properties suitable for beam operation proven by
a sophisticated measurement system developed at GSI [1].
In parallel, about 140 issues between the FoS and the
series dipoles concerning design, fabrication, and quality
assurance issues were identified in a basic optimization
process. With such alteration and the changes of the
production technique the supplier’s manufacturing concept

*We acknowledge the support of the European Community-Research
Infrastructure Activity under the FP7 program CRISP (Grant agreement
no: 283745) Work Package 5. We acknowledge the support through the
JINR-BMBF contract.

T e fischer@gsi.de
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of the series dipoles was successfully reviewed (FDR) and
the series production was released in 07/2016.

In Q3 and Q4 of 2016 the manufacturer started to acquire
the required material and tools, and first components of the
series dipoles were manufactured. The delivery of the first
series dipole is expected to be in 08/2017.

Quadrupole unit production: The Quadrupole units

for the SIS100 will be built by Joint Institute for Nuclear
Research (JINR) in Dubna as FAIR In-kind-contribution
from Russia. The production of two pre-series quadrupole
units has started at the beginning of 2016. The first one is
the so-called VQD unit built from a defocusing quadrupole
magnet (QD) with a vertically focusing sextupole (V) in a
common unit assembly. The second one, the SF2B unit,
is built from a focusing quadrupole magnet (F2) with a
steering magnet (ST) joined in one unit assembly.
The yokes of all magnets have been produced by a
subcontractor and delivered to JINR. The coils for both
quadrupole magnets and for the sextupole corrector magnet
have been manufactured at JINR. The production of the
steerer coil, superconducting bus bars and the assembling
of quadrupole units is scheduled for the beginning of 2017.
The design of the remaining components needed for the
assembling of the quadrupole units — terminal boxes and
cold terminals of the 250 A current leads — was finished
and the engineering drawings were transferred to JINR.
A prototype of the terminal box for the corrector magnets
was tested at GSI and has shown reliable operation.

Quadrupole doublet integration: A first version of a
SIS100 quadrupole doublet module (QDM) in its final con-
figuration was finished in engineering design in 2016. This
QDM located in the SIS100 arc section is named type 2.5
(QDM with type 2 focusing quadrupole magnet (QD) lo-
cated in ion optical cell no. 5). It is equipped with two
different superconducting quadrupole units in the so called
VQD-CR-SF2B configuration. In between these two units,
a cryo-collimator (CR) is located within the integrated cold
mass. The unit SF2B is equipped with a beam position
monitor (B). The full module also provides LHe supply for
magnet cooling, main current supply for main quadrupole
magnet operation, and local current supply for corrector
magnet operation as well as the beam vacuum chambers.
The engineering design for the complete series of SIS100
QDMs was derived from the design of the QDM type 2.5.
The series consists of four different module classes with, in
total, eleven configurations including two special modules
for injection and extraction of the beam with very special
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engineering design and configuration [2].

The type 2.5 QDM will be manufactured in 2018 as the
first QDM in a series of 83 modules for SIS100. The pro-
curement of the full series of SIS100 QDMs is planned
in a process including multiple contractors for the various
subsystems. All critical ultra-high vacuum components are
planned to be procured separately by specialised manufac-
turers. For manufacturing of cryostat components and me-
chanical integration of the SIS100-QDMs a dedicated con-
tractor shall be commissioned. The preparation work for
tendering of the module integration was completed in 2016.
An according contract for module integration is planned to
be signed in 2017.

Magnets for the Super-FRS

The superconducting magnets of the Super-FRS com-
prises 33 multiplets (assemblies of quadrupole, sextupole
and other corrector magnets) and 24 dipoles. The multi-
plets are being built by ASG, Genoa, Italy. The final design
of the first of series multiplets has been approved in De-
cember 2016 and the production is about to start. The first
multiplet will be available in spring 2018. The design of
21 standard superconducting dipoles by CEA Saclay is fin-
ished [3] and the tender has started. The contract signature
with a manufacturer is planned for the end of 2017. The
design of three special branching dipoles (i.e. dipoles with
an additional straight exit) will also be carried by CEA,
Saclay.

Magnet testing

Prototype test facilities

The prototype test facility (PTF) at GSI was upgraded to
be able to power the high current superconducting dipoles.
The new DC power converter is able to provide 20 kA at
an output voltage up to 66 V with a current stability of
10~*. Since the cooling power of the cryoplant is limited to
300 W the conventional vapour cooled copper current leads
used before were replaced by 14 kA DC HTS-current leads
in order to reduce the heat load and guarantee a reliable
cooling of the magnet.

One of the main tasks running at the prototype test fa-
cility is the development of new and the adjustment of ex-
isting measurement systems for testing the SIS100 series
dipole magnets.

The new system for magnetic-field measurements was
developed in collaboration with CERN. It consists of a
shaft of five rotating coil probes, a motor drive with an an-
gular encoder and the data acquisition electronics. Next
to this a system to measure the geometry of the mag-
net’s aperture was developed and successfully tested dur-
ing the measurements on the first of series dipole magnet
for SIS100 [1].
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Series test facilities

The GSI test facility for SIS100 series dipoles (STF) was
built from 2014 to 2015 and is under commissioning. The
main use of the STF is to execute the series tests of the
SIS100 dipoles and the SIS100 string test, a short part of
SIS100 consisting of one dipole and one quadrupole mod-
ule together with local cryogenic components. Besides this
the STF allows for testing of every type of superconducting
magnet for SIS100, Super-FRS and later on of Heavy Ion
Synchrotron SIS300. Moreover, it provides cooling capac-
ity for operating a superconducting continuous-wave linear
accelerator (cw-linac) later on.

The main supply systems such as a cryoplant with a cool-
ing power of 1500 W and two power converters with 20 kA
(at 66 V output voltage) were successfully commissioned
during 2015 and 2016. The STF is expected to be ready for
operating in May 2017.

SIS100 quadrupole unit testing

A facility for testing of superconducting magnets for
FAIR and NICA projects has been commissioned and put in
operation at Joint Institute for Nuclear Research in Dubna
in November 2016. JINR and GSI shared the costs of build-
ing the facility. Three of six cryogenic test benches are
foreseen for testing of quadrupole units for the SIS100 syn-
chrotron. The testing program will include the power tests
of the magnets at helium temperatures, measurements of
the magnetic-field quality as well as the adjustment of the
hydraulic resistance for each type of the quadrupole unit.
Tested units will be shipped to the company responsible
for the integration of the units to the Quadrupole Doublet
Module (QDM). Cold testing of two pre-series quadrupole
units is scheduled for the middle of 2017.

Testing of Super-FRS magnets

The Super-FRS dipoles and multiplets will be tested un-
der cold condition (4 K) at a novel cryogenic test facility in
CERN [4]. In accordance with a collaboration agreement
between CERN and GSI, refurbishment of the facility and
installation of the new infrastructures have been done. The
commissioning of the facility is partly started. The han-
dover of the facility from CERN to GSI is planned in the
middle of 2017. For completion of the commissioning to
be participated by GSI colleagues, and the pre-series mul-
tiplet testing starts from 2018.

Current leads

The four pairs of Main HTS Current leads have been de-
livered to the series test facility (STF) at GSI in 2016. The
first pair of current leads in Feedbox1 at STF passed the
high voltage tests up to 3 kV and a successful run with
14 kA DC current, 13.2 kA cycling current and up to 17
kA pulsed current. Such test program during two days of
tests corresponds to the SIS100 requirements. The design
of 250 A local current leads made from HTS was finished
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and two prototype current leads were tested during three
runs at the prototype test facility (PTF). Those current leads
with novel concept successfully passed tests with 250 A
DC current, cycling of 0-250 A current at 1-3 Hz and train-
ing pulses of 0-300 A . For the 7;-Jump-Quadrupole with
250 A pulses of 100 ms duration the design of conven-
tional copper current leads has been finished and a proto-
type current lead has been successfully tested at PTF. For
the Hedgehob collaboration a modern design of conven-
tional copper current leads cooled by vapor was proposed
due to the high risk for HTS with respect to magnetic field
and radiation losses.

Quench detection system of SIS100

The quench detection system dedicated to survey the
magnets of SIS100 against quench was recently redefined.
In order to reduce the impact of parasitic capacitance intro-
duced to the SC dipole and quadrupole circuits by a large
number of voltage taps, it was decided to develop a new
cabling concept that enables to compare two adjacent mag-
nets of the circuit.

The new cable structure provides a high reliability level
since each magnet is surveyed by two quench detectors.
For the main magnets either a magnetic amplifier (MA)
[5, 6] or classical bridges (BRD) will be utilised. MA pro-
vides galvanic insulation at the cryostat level while BRD
cards require high voltage cabling between the magnet and
quench detection cabinets. The R&D program on MA is
ongoing. A number of transductor prototypes were manu-
factured and tested with a single dipole magnet. The results
are very promising. The next experiment will consider a
test of 10 identical transductor assembled in the overlap-
ping structure.

For the corrector magnets, it is foreseen to use a new Mu-
tual Inductance Detector. The first prototype was manu-
factured and successfully tested with the corrector magnet
model (solenoid) at cryogenic conditions.

Conclusion

In 2016 many remarkable steps were taken in the vari-
ous fields of activities of the SCM division. By the release
of the series production of the superconducting dipoles
a major milestone in the procurement of the components
for SIS100 was passed. The start of the pre-series pro-
duction at JINR, Dubna, complements this process on the
quadrupole unit side. There, the unit’s yokes are produced
and other components are on the track. In parallel, the
engineering design of the first quadrupole doublet module
formed by an assembly of the quadrupole units was final-
ized and the further module designs were derived from this
concept. Regarding the production of the Super-FRS mag-
nets, the manufacturer’s concept of the pre-series multiplet
was reviewed and confirmed. The engineering design of
the Super-FRS dipole was finished and the tendering for
manufacturing will be started soon.

On the testing branch, a novel magnetic-field measurement
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system for the SIS100 dipole was developed. Moreover,
a tool for the precise mapping of the yoke’s aperture ge-
ometry as a crucial parameter for the field quality of the
magnets was engineered. The series test facility for accep-
tance measures of the SIS100 dipoles is under commission-
ing at GSI. In parallel, the test facility for the quadrupole
units was commissioned and successfully put in operation
at JINR, Dubna. The installation and commissioning of the
Super-FRS magnets testing site at CERN has partly started.
The four pairs of main current leads for the STF success-
fully passed acceptance tests. Their design will be used for
the main current leads for SIS100. Novel developments for
local current leads were confirmed.

For the scope of quench detection and magnet protection,
the planned system for SIS100 was redefined in terms of a
novel cabling concept to minimize parasitic capacitances.
A research program on magnetic amplifiers was started in
order to open up alternatives to classical bridge detectors.
To summarize, the manifold activities under the responsi-
bility of the SCM division yielded in many crucial mile-
stones and set the basis for further steps to successfully re-
alise the FAIR project.
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I ntroduction

Beam induced gas desorption is a key process that drives
beam intensity limiting ionization losses in heavy ion syn-
chrotrons in general and in the upcoming SIS100 in partic-
ular. Minimizing this effect by providing low desorption
yield surfaces is an important part of maintaining a stable
ultra high vacuum, which is required for accelerator oper-
ation with medium charge state heavy ions. This necessi-
tates the measurement of beam induced desorption yields
for various materials and thermal properties of the target in
combination with energy and ion species of the beam. Due
to the relevancy of high intensity beams for high energy
density physics, previous iterations of this report have con-
tained contributions about the results of these experiments
[1] as well as novel methods for data analysis [2].

Experimental Setup

An experimental setup for desorption yield measurement
has been devised, constructed and taken into commission
at the SIS18 at GSI. Based on the experience gained during
operation in the beamtime of 2014, it has been continuously
improved and expanded. The new setup was used dur-
ing a beamtime in 2016. Both versions have been used in
single shot mode, since measurement in continuous bom-
bardement mode is unfeasible when using a synchrotron.
This technique relies on a time resolved measurement of
the pressure peak after beam impact, known as the desorp-
tion peak. [3] explains both methods in context of a review
of past results.

Data Analysis

The desorption yield 7 is defined as the relation between
the number of incoming beam particles Nyeam and the
number of desorbed gas particles N4.s. Expanding it with
the height of the measured desorption peak Ap yields

Ndcs o AP Ap -
K Ndes .

Nbeam Nbeam

This way, n can be expressed as a product between two
factors. Ap/Nges must be measured for every desorption
event, while Ap/Nges is the pressure peak height caused
by a single desorbed particle from the target, regardless of
the way the desorption was caused. This value, the gas dy-
namics factor, is characteristic for the experimental setup
and can be calculated in a variety of ways, including the
ideal gas law. In this work, the ideal gas approach has been

*This report is also submitted to the HEDgeHOB-Report 2016
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rejected in favour of a technique using 3D Monte Carlo gas
dynamics syimulations to account for additional effects,
like the pumping of the cryotarget.

T < 25K, Bi = Cu, 2014
10° T<15K,U = Cu, 2016
T <40K,U = Cu, 2014
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Figure 1: Energy dependance of desorption yields 7, mea-
sured during the beam times in 2014 and 2016.

Results

Fig. 1 shows a heavily condensed summary of the results
obtained with a cryogenic target. While room temperature
results show a scaling of eta with the ion’s energy loss at
the target surface (i.e. a lowering of » with rising energy),
the rise in 7 after a local minimum represents a deviation
from this dependancy, which has been observed before [4].
A lower temperature also seems to cause a general rise of 7,
which suggests the existance of a temperature with a mini-
mum desorption yield. Comparing the data taken with ura-
nium beams suggests a relation between the strength of this
deviation and the temperature. However, when taking into
account the bismuth curve, one can see that the temperature
does not seem to be the only responsible variable.
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SI1S100 Inspection robot — development and status report

N. Schweizer*! and |. Pongrac?
1TU Darmstadt RMR, Darmstadt, Germany; 2GS|, Darmstadt, Germany

During maintenance work or upgrade measures of
large particle accelerator vacuum systems, randomly as
well as deliberately introduced foreign objects may in-
hibit the particle beam significantly, usually leading to
a considerable high risk of a complete shutdown of the
accelerator. Considering reported incidents from sev-
eral different particle accelerator laboratories, where
e.g. bottles, screws, dropped down inserts, and in the
case of SIS18, a crumpled aluminum foil, have been
found within the vacuum system, a novel platform for
a mobile inspection device is currently being developed
and is foreseen to be deployed in SI1S100.

Development of the robot design

The vacuum system of SIS100 offers a challenging to-
pography for any mobile inspection robot where a multi-
tude of steps, deep gaps, as well as chambers with limited
apertures have to be traversed reliably. Ideally, during each
shutdown and prior to closing the vacuum system, the in-
spection robot shall traverse the complete vacuum system
of the SIS100 and visually examine the beam pipe vacuum
for any obstacles, damages or anomalies.

In order to design a suitable semi-autonomous robot to
be used in the SIS100 vacuum system, the geometries of
the different vacuum chambers and pi pe sections have been
analyzed. The robot is designed in such a way that steps
and gaps can be detected and traversed in a safe way. In
addition, the robot is able to move forwards and backwards
in case an insurmountabl e obstacle is detected.

The ab initio modular concept of the robot where sev-
eral modules can be attached successively to increase the
total length ensures a high degree of flexibility for the in-
spection robot to be able to traverse most vacuum chamber
topographies. Fig. 1 illustrates the current modular proto-
type design.

Figure 1: Fully functional prototype model of the SIS100
inspection robot.

* nicolai.schweizer@rmr.tu-darmstadt.de

DOI:10.15120/GR-2017-1

Simulations and current status

After the determination of the fundamental robot design,
extensive 3D simulations have been performed to test and
to verify that the robot can traverse as many vacuum sec-
tions of SIS100 as possible. Thus, the probability of mal-
functions (e.g. the robot gets stuck) can be minimized. Var-
ious locomotion strategies have been simulated in realistic
test environments based on actual SIS100 CAD data. Ad-
ditionally, several experiments have been successfully ex-
ecuted with real vacuum chambers or replicas. In Fig. 2a
typical simulation scenario is exemplarily illustrated.

Figure 2: 3D simulation with the Gazebo [1] robotics sim-
ulator: A stepis traversed as an example of atypical loco-
motion sequence of the inspection robot.

Outlook and further steps

Consideration of more complex chamber geometries
(e.g. double steps), adaptations for curved vacuum cham-
bers (dipole chambers) as well as ongoing maneuver strat-
egy optimizations are currently under development. Bat-
tery management, communication possibilities and the im-
plementation of a suitable on-board camera are the princi-
pa topics of ongoing work. Further experiments as well
as simulations are crucial to alow the SIS100 inspection
robot to become a universal tool for particle accelerators.
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Mechanical interaction of the cryogenic piping system of SIS100*

M.C. Serna Moreno', J. Ceballos Velasco''?, V. Datskov?, and PBMT department*
!'Universidad de Castilla-La Mancha, Ciudad Real, Spain; >GSI, Darmstadt, Germany

The SIS100 superconducting magnetic system consists
of different types of modules all along the ring perimeter,
containing the main dipole and quadrupole magnets. The
modules must be lined up under exigent displacement tol-
erances, accomplishing the challenging requests on the po-
sitioning of the cold masses and vacuum vessels [1]. Due
to the hexagonal shape of the synchrotron, there are an-
gular connections between adjacent modules. Tradition-
ally, numerical studies analysing their structural response
have been carried out isolating each module. However,
the mechanical influence that they could have over each
other should not be omitted. The join with a certain an-
gle of modules with different geometries in combination
with temperature changes and linkages for displacement
compensation could lead to unexpected interaction forces.
Their effect should be taken into account in order to avoid
any source of misalignment.

Figure 1: Resulting forces along the expansion joint axis
transferred to the pipelines [3]

The piping installation that ensures the cooling to cryo-
genic temperatures of the magnets is vital to maintain su-
perconducting conditions during the operating phase. In
particular, within the conceptual engineering design devel-
oped in the Super Conductive Magnets & Testing depart-
ment of GSI, the analysis of the relative displacements in
the connection point between cryogenic pipes from dif-
ferent modules has been recently developed [2,3]. The
study has taken into account the angular joint, the thermal
shrinkage and the internal pressure withstood. The intro-
duction of universal compensation junctions is essential to
absorb the resulting interaction forces and to reduce the un-
desirable axial, lateral and angular deflections. But these
bellows-type elements generate unbalanced loads over the
piping system in the axial direction of the linkage (Fig. 1),
proportional to the internal pressure and the surface of the
crest, which have had to be also accounted in the analysis.

Simulations have been performed with the ANSYS
finite element software under license of GSI. Simplified

*Work supported by FAIR@GSI PSP code: G2.08.02.10, the Univer-
sity of Castilla-La Mancha and the grant DP12016-77715-R from Minis-
terio de Economia y Competitividad (Spain).

T j.ceballosvelasco@gsi.de
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models from the point of view of the geometry have been
considered under the hypotheses of static and linear anal-
ysis. In order to assure that the physics of the problem
was reproduced, a previous study of the elements accuracy
has been performed. The correctness of the numerical es-
timations have been confirmed by means of comparing the
simulation results with those of known situations with ana-
lytical solution. As well, sensitivity analyses to the element
size have been carried out to ensure that the mesh was ine
enough, finding an adequate balance between the computa-
tional cost and the degree of precision of the results. This
work has been focused on studying the mechanical inter-
action of the piping systems that ensure the cryogenics of
the magnets. As main scenario, the angle of the connection
between the cooling tubes which belong to two contigu-
ous modules has been assumed to be equal to 1.67° (Fig.
2). Both pipes have been modelled with the same cross-
section and material properties but different lengths, work-
ing at temperatures of 4.5 K and supporting internal pres-
sures of 1.1 bar. Besides, the existence of a displacement
compensation joint has been considered for completing the
definition of realistic conditions. The linear analyses have
been developed with simplified 1D geometries, thanks to
the use of PIPE188 and MPC184 elements for modelling,
respectively, the tubes and the desired rigidity in the con-
nection. Being the variable of interest the mid-point dis-
placements of the system, the results have demonstrated the
importance of the flexural deformation of the pipes caused
by the angular joint and the induced horizontal movements
due to the non-symmetric geometry. These effects could
be transmitted to the body of the vacuum vessel at the at-
tachment points, generating a loading hypothesis not con-
templated in previous designs. Taking into account that the
displacement tolerances of the modules are very restrictive,
it is desirable to evaluate its influence at the analysis stage.

108 x 3 mm

]
s A & 15 A B

Compénsat\on ]
element (Kspeing)

AT=295 K

Figure 2: Reference simulation for coupled pipes with a
displacement compensation linkage [3]
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Feasibility of RF feedback control loops in heavy-ion synchrotrons by means of
derivative estimation *

B. Reichardt', J. Adamy?, D. Domont-Yankuloval?, K. Grof¥?, H. Klingbeil?3, and D. Lens®
1TU Darmstadt RMR, Darmstadt, Germany; >TU Darmstadt TEMF, Darmstadt, Germany; 3GSI, Darmstadt, Germany

Damping of longitudinal coherent bunched-beam os-
cillations is needed in SI1S18 and S1S100 to stabilize the
beam, prevent emittance growth and keep beam loss
low during acceleration. In last year’s work several ap-
proaches of digital filters for beam-phase control have
been examined. An FIR (finite impulse response) fil-
ter with 3 taps, cf. [1], has been successfully used at
GSI in several machine experiments for a beam-phase
control system and a longitudinal feedback system. In
this report an alternative FIR filter approach based on
derivative estimation leads to better results as it damps
dipole oscillations within one oscillation period whereas
the former filter approach unveils its full potential only
after one oscillation period.

Requirements and filter properties

A numerical differentiator approach[2] has been chosen

as an adternative to the established 3-tap filter. Both
filters share the same control topology, but have different
coefficients. The results obtained so far indicate that the
optimal filter gain is approximately a constant divided
by the synchrotron frequency. Therefore the derivative
estimation filter has to be adapted to varying synchrotron
frequency.
A filter bank will be used to select different filters based
on available parameters such as the synchrotron frequency
and bunch length. Alternatively, a continuous tuning of the
coefficients will be possible [3].

Experiment, simulations

Both the experiment and the nonlinear tracking simula-
tions were performed for 233U"* asion species at an en-
ergy of 300 MeV/u for a stationary operation with alinear
synchrotron frequency of 422 Hz at h=2. The beam-phase
measurement varies with white Gaussian noise with about
30 = +0.66°. In this case the derivative estimator has a
length of L = 10 non-zero taps without additional zero-taps
and istuned to a high damping rate.

Figure 1 shows the experimental and the simulated results
where a disturbance of 2° on the beam phase is applied to
intentionally excite a feedback reaction. The results indi-
cate that the experiment isin very good agreement with the
nonlinear tracking simulation for the derivative estimation

* Supported by the Helmholtz Graduate School for Hadron and lon
Research
T benjamin.reichardt@rmr.tu-darmstadt.de
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Figure 1. Beam-phase with respect to uncorrected Group-
DDS: Experimental data (top), simulated data with arbi-
trary offset for a controller with derivative estimator (mid-
dle) and 3-tap filter (bottom) with a2° distortion at 4.87s.

approach. Compared to the 3-tap filter approach, thereisno
overshoot and the dipole oscillation is damped within one
oscillation period for the derivative estimation approach.
Also the RM S-emittance does not increase while using the
derivative estimation approach, which is a second quality
criterion besides the damping rate. Furthermore, this ap-
proach can be put into practice easily with the existing con-
trol topology.

Outlook

Under current investigation is the critical signa to noise
ratio (SNR), at which the derivative estimator approach de-
livers better results than the 3-tap filter. Another impor-
tant investigation regards the implementation of the new
approach for operation during acceleration ramps.
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M easur ements of incoherent synchrotron frequenciesin dual RF bucket

O.Chorniy
GSl, Darmstadt, Germany

The knowledge of the so-called incoherent syn-
chrotron frequencies may be used in different applica-
tions: for the RF voltage calibration or studies of the
high intensity effects[1]. Futureoperationin FAIR syn-
chrotronsincludes regimes when beam is bunched us-
ing two RF harmonics. For such bunches, the incoher-
ent frequencies wer e obtained using bunch profiles.

In Figure 1 the longitudinal bunch profiles measured us-
ing Beam Position Monitor every machineturnin SIS18is
shown. To create the bunch, two RF harmonics were used:
one with 10 kV amplitude at h=5 and second 4.6 kV at
h=10 (see Figure 1, lower plot). Measurements were done
at injection energy of 6.75 Mev/u with 0.4 mA current of
Xe*37 jon beam.

Time, N turns

T T T T
10 == = REF signal at first harmonic - 4

= RF signal at second harmonig, N

/

RF signal, kV
(el

'
W
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-3 -2 -1 0 1 2 3
Distance from the bunch center, arb.u.

Figure 1: Waterfall of the measured buches (upper plot)
created by two RF harmonics (lower plot)

It can be seen that the current at each coordinate of the
bunch profile fluctuating with time (as example along the
linespl,p2,p3on Figurel). In[1] it was shown that the fre-
quency spectraof these fluctuations must have maximum at
specific frequencies (as example see spectra on upper plot
of Figure 2). The position of the maximum depends on
the bunch coordinate at which the current was measured.
Therefore, calculating the current spectrum at different co-
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ordinates and correlating the spectrum peaks with these
coordinates the incoherent synchrotron frequencies can be
obtained. The measured frequencies compared with theory
are presented on lower plot of Figure 2.
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Figure 2: Spectra of current fluctuations measured at three
coordinates (upper plot), position of the spectrum peak de-
pending on the coordinate at which the spectrum was ob-
tained and theorethical curvesfor two cases (lower plot)

In theory, the incoherent synchrotron frequencies can be
obtained using formulasin [2]. One of the parameter influ-
encing the incoherent frequenciesis the relation of the RF
voltage amplitudes. Despite this relation was set to 0.46,
the measurements show that the value of 0.42 matches bet-
ter to the measurements. Thereasonsfor this deviation will
be investigated during next beam times.
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The SIS100 laser cooling facility*
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Within POFIII ARD ‘Matter and Technologies’, the
project group ‘SIS100 laser cooling’ is setting up a laser
cooling facility at the FAIR heavy-ion synchrotron SIS100.
With the aid of this facility, intense beams of relativis-
tic heavy highly charged ions will be laser-cooled to low-
est temperatures, thus providing worldwide unique beams.
The project group that deals with this task consists of sci-
entists from GSI and the collaborating partner universities
and research centers in Dresden-Rossendorf, Darmstadt,
Jena, Miinster, and Lanzhou (China) [1].

The laser systems are being developed by the
HZDR/TU-Dresden and the TU-Darmstadt, with strong
support from the BMBF. These laser systems can be op-
erated at 257 nm or 514 nm, and produce about 100 mW
of coherent radiation. The TU-Darmstadt will provide a
fast scanning cw-laser system [2], and a pulsed laser sys-
tem with long (up to 1 ns) pulses and a high repetition rate
(up to 1.5 MHz) [3]. The HZDR will provide a pulsed laser
system with short pulses (~ps) and a high repetition rate up
to 1 MHz [4]. The Miinster group will provide an XUV/X-
ray detector for the SIS100, again supported by the BMBF.

The laser lab at the SIS100 will be located 18 m under-
ground in the service tunnel, spatially separated from the
accelerator tunnel where the ions circulate. We will need
a dedicated laser beamline with sophisticated laser beam
steering, stabilization, and diagnostics to ensure an optimal
transport and overlap (in space and time) of the laser beam
with the ion beam. Currently, we are designing a proto-
type for the laser beamline, which will have complete laser
beam steering and diagnostics. Important components for
this beamline, such as a complete set of doubly-coated (257
- 266 nm and 514 - 532 nm) mirrors of the highest quality
(reflectivity >99.5%), in 17, 27, and 3” sizes [LayerTec],
are already available. These mirrors are compatible with
the required vacuum of 10~% mbar of the beamline. The
same is true for an entire set of high-quality mirror mounts
and prism holders [Liop-Tec]. The mounts incorporate fast
piezo drivers, which can be remotely controlled. The new
1” polarizing beam splitter cubes also work for both wave-
length ranges [MPO]. Two small green (532 nm) laser sys-
tems will be used for tests of the laser beamline. Figure 1
shows a collage of some of the new components.

* Work supported by HGF POFIII ARD-ST2.
T d.winters @gsi.de

* Work supported by BMBE.

§ Work supported by BMBF-WTZ.
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Figure 1: Collage showing a selection of the components
purchased in 2016. Top row, polarizing beam splitter cube
and doubly-coated mirrors. Middle row, mirror mounts
(vacuum, 2”, prism). Bottom row, \/4-plate, green laser.

Finally, also two test beamtimes for laser cooling have
been performed in 2016: one in April at the CSRe of the
IMP in Lanzhou, China, and one in July at the ESR in
Darmstadt [5]. The pulsed laser system from the HZDR
was shipped over especially for the beamtime at the CSRe.
At the ESR, the pulsed laser system was also used, and
uniquely exhibited a clear and effective interaction with
the stored and bunched ion beam. The cw-laser system
from the TU-Darmstadt was also very successfully applied
and delivered great results, also for laser spectroscopy of
12¢3+ | In addition, the new XUV detector system from
Miinster university was successfully used for the first time
during an experiment [6]. A similar detector is foreseen for
the SIS100 vacuum chamber, where also the laser will be
coupled in. The design of this vacuum chamber is ready
and the chamber can hopefully be delivered in 2017.
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Optimization of the multi-turn injection
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The multi-turn injection (MTI) into the SIS18 is one of
the bottlenecks for providing ion beams of unprecedented
intensities and qualities for FAIR. An optimized injection
isaso crucial for an excellent interfacing between injector
linac and synchrotron. The loss-induced vacuum degrada-
tion and associated life-time reduction is one of the key
intensity limiting factors for SIS18. Beam loss during in-
jection can trigger the pressure bump instability. An op-
timized injection can relax the dynamic vacuum problem,
but isalso crucial to reach the synchrotronintensity limit by
alarge multiplication of theinjected current. For the SIS18
the optimization with genetic algorithms (GA) resulted in
a significant improvement of MTI performance and subse-
quent transmission for intense beams [1]. A loss-free or
low-lossinjection over many turnswereidentified. The de-
pendence between gain factor and injection loss is shown
in Fig. 1. GA optimization found a much better MTI per-
formance than the previoussimulation studiesin [2]. Space
charge resultsin asimilar MTI performance, but with dif-
ferent injection settings. Using a global residual gas pres-
sure and beam lifetime model together with the optimized
multi-turn injection a range of injector brilliance could be
defined. This crucial information gives more flexibility for
the injector upgrade layout for FAIR [3] and alow an ex-
cellent interfacing between injector linac and synchrotron.
One consequence of the single-plane MTI is that the re-
quired injection emittance for the injection plane (usually
the horizontal one) is very demanding; to the other plane
not. Re-partitioning of the injected beam emittances, i.e.
round-to-flat transformation would increase the injection
efficiency. This benefit effect to the MTI performance of
a smaller emittance has been measured as a function of
the amount of flatness of the beam. The injection perfor-
mance has increased significantly up to about 30% shown
in Fig. 2. An excellent agreement between simulation and
measured injection performance as a function of the in-
jected emittance was achieved thanks to fast adjustment
of the beam flatness without changing other beam param-
eters [4]. The flat beam injection scheme is a scenario for
an additional upgrade of the existing UNILAC which may
be necessary if the other upgrade measures|[3, 5] including
a well optimized injection turn out to be not sufficient to
reach the beam parametersimposed by FAIR.

Further opportunity to enhance the MTI performanceis to
injected into both space phase planes. One possibility is
to used skew quadruples during injection to couple both
planes. The other is to rebuild the SIS18 injection sec-
tion and transfer channel for the advantage of two-plane
injection. Injection optimization simulation studies with
this mentioned methods are ongoing. After the undergoing
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Figure 1: The GA optimization found much better MTI
performance than the previous simulation studies[2].
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Figure 2: MTI optimization through emittance transfer.

construction work at SIS18 has been finished, it is planned
to test an online injection optimization with the new im-
plement and more flexible control system. First online GA
optimization test as been already performed at CRYING
injector [6].
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The cryosorption pumps of the SIS 100 —
acceptance tests of the first-of series units

St. Wilfert! and I. Pongrac!
]GSI, Darmstadt, Germany

Abstract

The article gives an overview on the production of the
SIS100 series cryosorption pumps and their acceptance
tests. We also present simulation results on time and posi-
tion dependent hydrogen density profiles in a SIS100 sec-
tor which show why the use of localized cryosorption
pumps is crucial for keeping the hydrogen partial pressure
in the cryogenic section at an acceptable low level for
sufficiently long times.

Introduction

The cryogenic beam vacuum system of SIS100 will be
operated at wall temperatures between 5 ... 15 K. At such
low temperatures, with the exception of hydrogen and
helium, all vacuum relevant gas species can effectively be
cryopumped by the cold chamber walls with practically
infinitive pumping capacity. However, while H, can be
cryosorbed by the bare chamber walls at least with a lim-
ited pumping capacity at these temperatures, no pumping
speed is available for He at 15 K. Consequently, addition-
al pumping speed for these both gas species is of crucial
importance for long-term maintenance of sufficiently low
beam vacuum pressures. Local cryosorption pumps (CSP)
are predestined for this purpose and will therefore be used
in the cryogenic sections of SIS100 as auxiliary pumps. In
total, 14 CSPs are required for each SIS100 sector, 11 of
them will be distributed in the cryogenic arc. They will be
installed in ~ 13 m intervals between each superconduct-
ing (sc) dipole doublet. In addition, each one pump will
be integrated in the sc quadrupole doublets on the straight
beam line sections of the ring.

In [1] we reported on a prototype of the CSP developed
and tested at GSI. The pump was specially designed ac-
cording to the space and installation conditions in the
SIS100 magnet cryostats. The pumping elements are
formed by 6 circular charcoal-coated cryopanels, which
are uniformly cooled-down to 4.2 K by an axially running
liquid helium (LHe) cooling tube. In contrast to the proto-
type pump described in [1], however, minor technical
modifications have been made to the series pumps. First,
all panels of the series pumps have the same diameter of
9 cm, achieving a higher pumping capacity. Second, in-
stead of the charcoal type SC2 by Chemviron Carbon, all
panels are now coated with the adequate charcoal type
Aquacarb 208C (particle size 12x30 US mesh) also pro-
duced by Chemviron Carbon. The cryosorption properties
of the alternative charcoal type were investigated experi-
mentally in advance, no significant differences in pump-
ing characteristics were found. Each panel is coated with
approximately 5 g, i.e. 2.5 g charcoal per panel side. This
corresponds to an average coating density of approx. 0.04
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g/cm’. In total, approximately 30 g charcoal contains one
pump. The coating was done using a suitable low temper-
ature-resistant epoxy. The central cooling tube was manu-
factured from a threaded Cu rod. In operation, pressurized
liquid helium with a mass flow of minimum 1.0 g; /s (at
4.2 K, 2 barg) will be led through the cooling tube. The
pump is mounted on a standard D100CF base flange, its
housing is formed by a standard stainless steel DN100CF
full nipple. In order to avoid charcoal particles from fall-
ing out of the pump, a commercially available turbo pump
splinter shield with a high optical transparency will be
mounted at the pump inlet flange. Figure 1 shows the se-
ries pump to be used in the cryogenic beam line sections
of the SIS100.

charcoal-coated
7 eryo paneis
LHe return kne —~
embedded inlo the | _
LHe supply ling

|
LHe supply line o
L LHe retum line

Figure 1: Series cryosorption pump
produced by ILK Dresden, Germany.

Acceptance Tests of the First-of Series Units

The production order of the series pumps was granted
to ILK Dresden, Germany. The first two pumps, denoted
to as first-of-series (FoS) pumps, were subjected to inten-
sive tests at the manufacturer and GSI. Of particular im-
portance is the leak tightness of the central cooling cir-
cuit. As the LHe cooling circuit runs through the pump
housing and faces directly the beam pipe vacuum system,
absolute leak tightness was mandatory. LHe leaking into
the pump may disable completely the pumping action of
the pump due to rapid He saturation of the panels. In or-
der to prove the leak tightness of the axial cooling tube,
the leak test has been conducted for 30 min while the tube
circuit was pressurized with 28 barg gaseous helium
(GHe). In addition, a GHe flow rate test and a residual
moisture test have been carried out successfully. Another
important aspect of CSP production was their dust release.
Since turbulences can generate and disperse dust from the
charcoal-plated panels during roughing, it was crucial to
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analyse the dust release of the CSP to make sure that no
dust contamination of the beam vacuum may occur.
Thanks to the optimization of the coating process by
means of an epoxy, however, the producer was able to
demonstrate experimentally that no dust or charcoal parti-
cles with a size of > 100 um were released from the pan-
els while the pump was roughed. The pumping speed
measurements of the FoS pumps were carried out at GSI
using a standardized PNEUROP vacuum dome. It was
mounted on a test cryostat where the cryosorption pump
was built in and cooled down. Details on the measuring
procedure can be found in [2]. The tests were carried out
with the aforementioned splinter shield which reduces the
pumping speed by of about ~ 10%. Results of the meas-
urements are shown in Figure 2.

1000

900 F

g gl !

800

400 {%

pumping speed S [L/s] at T, =293 K

ty
%%%%%%@%

0 ——

T

10" 10° 10° 107 10°

N, equivalent pressure p [mbar]

Figure 2: Measured pumping speed, S, for H, and He

One can clearly see that the CSP provides high pump-
ing speeds for both hydrogen and helium. For H; an aver-
aged effective pumping speed of S =~ 600 £/s was meas-
ured in the lower UHV range and for He S =~ 300 0/s. It
must be noted that the real pumping speed of the pump, S,
however, is significantly higher than its measured S as it
is reduced by the conductance of the splinter shield and
an upstream installed radiation baffle needed for thermal
screening the cold pumping panels during measurement.
Both were not taken into account yet in the above pre-
sented S vs. p characteristics. Moreover, since the test gas
injected was at room temperature, the measured effective
pumping speed only holds for Tg = 293 K. But what will
be the pumping speed of CSP under cryogenic conditions,
i.e. at Tg = 5 K? From the kinetic gas theory it is known
that the pumping speed of a surface, S, depends on the
Maxwellian mean velocity of impinging gas molecules, C,

LGSA, (1)

where s is the sticking coefficient, A the surface area, kg
is Boltzmann’s constant, Tg the gas temperature, and m
the mass of the gas particle. Assuming the sticking proba-
bility is temperature-independent, it follows that S is only
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a function of gas temperature, T, and one gets as an ap-
proximation

_ ~ 0.13. @)
S(T_=293K) V293K

Consequently, the pumping speed at Tg = 5K is only ~ 1/8
of that at Tg =293 K. Thus, the pump provides under cry-
ogenic conditions a pumping speed for H, of S > 78 (/s
and for He S > 40 {/s.

The effect of CSPs on hydrogen density pro-
file in time in one SIS100 sector

In order to verify the advantage of using the CSPs in
the cryogenic beam vacuum system of SIS100, calcula-
tions on the long-term hydrogen density distribution in
one 180m long sector have been carried out using the
novel simulation tool TRANSVAC also developed at GSI
[3]. The simulation results are shown in Figure 3. In this
Figure, the positions of the CSPs within the cryogenic
sections are indicated by blue arrows. The red arrows rep-
resent the position of the conventional pumps (Sg; = 2200
£/s) in the room temperature (RT) sectors. A constant and
non-capacity limited H, pumping speed of Sy, = 78 /s
per cryosorption pump was assumed in the simulation.
The results indicate that the use of the pumps positively
influences the hydrogen density distribution in time. It is
interesting to note that the pumping action of the SPCs in
the arc (section position 48 < | < 180 m) come into real
effect particularly in long time scales of a few years, ra-
ther than in short time scales. At these times, the H, cryo-
sorption capacity of the bare chamber walls has already
decreased gradually. Furthermore, the SPCs also limit the
H, density rise in the cryogenic vacuum system of the sc
quadrupole modules on the straight ring sections (section
position 0 < | < 48m) to nearly the same H, density level
expected in the adjacent RT sections.
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300 . . . . . .
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Figure 3: Temperature profile of one SIS100 vacuum sec-
tor (upper chart) and simulated time and position depend-
ent hydrogen density profiles (chart below).

The simulation neglects any beam dynamical vacuum
effects.

The CSPs have an additional advantage. With their instal-
lation, a possible small He leak in the cryogenic beam
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vacuum system can be accepted several times longer as
without their use.

References

[1] St. Wilfert, T. Hackler, M. Wengenroth, GSI Scien-
tific Report, PHN-FAIR-16 (2012), 241

[2] International Standard ISO 21360-1

[3] to be published

DOI:10.15120/GR-2017-1



GSI SCIENTIFIC REPORT 2016

FAIRPROJECT-SIS100-SIS18-11

Collimation of primary ion fragments in SIS100

. Strasik
GSI, Darmstadt, Germany

Introduction

The halo collimation system in the SIS100 synchrotron
of Facility for Antiproton and lon Research (FAIR) must
be capable to collimate various ion species from protons
up to uranium [1]. For protons and fully stripped ions, a
conventional two stage betatron collimation system [2] is
going to be applied. The collimation of the primary halo
particles is summarized in Ref. [3].

The halo particles, except the scattering and momentum
losses, undergo also the inelastic nuclear interaction with
the primary collimator. It results in a production of sec-
ondary particles due to two processes: (1) hadronic frag-
mentation and (2) electromagnetic dissociation (EMD).

Probability of inelastic nuclear interaction

The probability P;, for the inelastic nuclear interaction
(hadronic fragmentation and EMD) of the halo particles
with the primary collimator material was calculated using
FLUKA code [4]. The P;, for various primary ions with
magnetic rigidity 18 and 100 Tm, pertaining to injection
and extraction in SIS100, are presented in Fig. 1.

The P;, shows a substantial increase with increasing
mass and atomic number of the primary ions especially
taking into account the EMD. A significantly higher
growth rate of the Pj, is observed at 100 Tm with the
EMD switched on.
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Figure 1: Probability P;, for the inelastic nuclear interac-
tion of the halo particles with the primary collimator.

Fraction of the primary ion fragments

Inelastic nuclear interaction of the halo particles with
the primary collimator and consequently production of
individual secondary fragments was simulated again us-
ing FLUKA. A fraction of the individual fragments pro-
duced from 2*®U primary ions after the interaction with
the primary collimator is shown in Fig. 2.

The values are normalized by A/238, where A and 238
are the nucleon numbers of the fragment and primary ion,
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respectively. It can be seen that only the fragments corre-
sponding to the EMD products (isotopes with the lowest
and the highest nucleon numbers) have the abundance
higher than 10™.
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Figure 2: Fragments produced from 2**U ions after the
interaction with 1 mm tungsten primary collimator.

Collimation of primary ion fragments

Particle tracking simulation in SIS100, for the frag-
ments with the abundance > 10, was performed using
MAD-X code [5]. The beam loss map of the Z8U%* halo
primary particles together with the secondary fragments is
presented in Fig. 3. In general, the calculated collimation
efficiency with and without [3] the secondary fragments
differ from each other by only a few percent.
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Figure 3: Distribution of the lost **U%* primary beam
particles including their secondary fragments in S1S100.

Conclusions

By comparison with the collimation of primary ions in
Ref. [3] was shown that the fragmentation in the primary
collimator has no significant effect on the efficiency.
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Phase calibration of synchrotron RF signals

A. Andreev*?, D. Lens?, and H. Klingbeil 12
TEMF, TU Darmstadt, Germany; 2GSl, Darmstadt, Germany

Introduction

The RF reference signals for the FAIR synchrotron RF
cavity systems are generated by direct digital synthesis
modules mounted in so-called Group DDS crates which al-
low to perform various multiharmonic operations[1]. This
means that each DDS unit operatesin a certain mode de-
fined by the harmonic number that is generally indepen-
dent of the module and can be changed during operation.
Different harmonic numbers of the DDS moduleslead to a
different phase response of each module, which resultsina
phase shift between reference DDS RF signals.

Absolute phase calibration

In the formerly used Group DDS calibration procedure
the harmonic numbers of DDS modules are fixed and the
calibration is done with respect to the highest harmonic
number. If the harmonic number of the DDS module is
changed, calibration data stored in calibration electronics
modules (CEL) areno longer valid and one hasto repeat the
process for the new value. With the new proposed method
phase correction values stored in CEL stay valid indepen-
dent of the harmonic number realized by the DDS.

TheBuTiST, signal witha10 usperiod is used as one of
the clock signals for DDS modulesto ensure that reference
RF signals are synchronized [2]. Therefore the measure-
ment procedure is synchronized with the 7'y pulse train in
order to increase the accuracy of the results. The measure-
ment setup includes (Fig. 1):

e DDS module under calibration

e Scalable Control Unit (SCU) controlled by the
PCland forwarding data with the frequency tuning
word to the corresponding modules via the backplane

e BuTiSreference signal generator and distributor

All the traces are measured by an oscilloscope and the
acquired data are transferred into the PC which performs
the subsequent analysis. The resulting phase correction
data can finally be stored in a CEL module, which receives
telegramswith the DDS frequency viaoptical fiber link and
providesoptical telegramswith phase corrections. Thefirst
pre-condition to arm the oscilloscope is the output trigger
signa of the DDS module, marking the moment when the
new frequency tuning word isreceived by the DDS. The os-
cilloscope is triggered on one of the next periods of the T’y

* andreev@temf..tu-darmstadt.de
1During regular operation the SCU receives the data from the Central
Control System
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Figure 1: Measurement setup layout.

pulse N, and the DDS RF signal portion after the trigger
is used for the subsequent analysis.

The DDS RF output signal phase ¢; is precisely esti-
mated with a four-parameter sine wavefit agorithm [3] for
each measurement. The phase correction value ¢cqr, ¢ for
each frequency under calibration is obtained with

Gcor, f = @5 — 27 f (N, x 10us— 75)
Q;corr,f = [(¢corr,f + ﬂ') mod 271’] -,

where 75 isthe dead time of the DDS unit after a7, slopeto
realize the new freguency tuning word settings at the ana-
log RF output, including the delays of digital processing,
PCB, filters and cables. The resulting phase correction ta-
ble can be stored into the CEL module and applied during
regular operation. The standard deviation of the obtained
phases doesn’t exceed 0.2°, alowing to meet the desired
phase accuracy requirements.

The measurement as well as the data analysis procedures
are automatized by means of Python scripts allowing to
perform calibration quickly and comfortably.
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Simulating particle loss for slow extraction from SI S-100*

S Sorgef!
1GSI, Darmstadt, Germany

Slow extraction of heavy ion beamswill be one of the
most important operation modes of SIS-100. The min-
imisation of uncontrolled particle loss is essential for
avoiding damages and irradiation of the machine. For
that reason, expected particle losses are estimated with
particle tracking ssimulations. The special focus of the
studiesison theimpact of magnet imperfections.

Slow extraction from SIS-100 is based on the excitation
of the third integer resonancegivenby 3-Q , = 52 with six
resonance excitation sextupol es, |eading to the formation of
atriangular stable areain the horizontal phase space plane.
Rf knock-out (KO) extraction will be applied, where the
beam is excited with horizontal rf noise which resultsin a
slow growth of the phase space area of the beam beyond the
stable phase space area so that particles will successively
become unstable, travel towards the electro-static septum
(ESS), and enter the extraction channel after passing the
ESS.

Essential for minimising uncontrolled particle loss dur-
ing slow extraction from SIS-100 isto reduce the large hor-
izontal chromaticity whichis

gw,nat = _207 (1)
according to the definition AQ , = £,Q., to
fz,corr =-1 (2)

with chromaticity correction sextupolesin order to fulfil the
Hardt condition [1]. In doing so, the trgjectories of the par-
ticles can be adapted to the extraction septa independently
of their momenta.

Superconducting dipole and quadrupole magnets will be
used which havefield errors characterised by the series[2]

(z +iy)"

By +iB, = Bp Y (kn +ijn) — ®3)

n=0
of the norma and skew multipole coefficients k,, =
(0" By)/(02")|g=y=0 and j, = (0"B3)/(0z™)|z=y=o0.
The sextupole contribution k5 to thefield error of thedipole
magnets is important because it is relatively strong and in-
duces a significant change of the chromaticities as well as
of size and orientation of the stable phase space area. ko
is as all other coefficients a function of the magnet’s exci-
tation current and, consequently, of the beam rigidity Bp,
see Figure 1. The resulting horizontal chromaticity with-

*This report was also submitted to the Annual Report “News and
Reports from High Energy Density generated by Heavy lons and Laser
Beams 2016"
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Figure 1: Total integrated coefficient of the sextupole error
in the field of the FoS2 dipole[3].

out correction for Bp = 100 Tm iS &, uncorr = —27
and, hence, strongly deviates from the natural chromatic-
ity in Equation (1). Therefore, stronger chromaticity cor-
rection sextupoles are necessary for achieving the required
horizontal chromaticity of Equation (2) resulting in a de-
creased stable phase space area and unacceptably high un-
controlled particle loss. By performing particle tracking
simulationswith 5000 test particles tracked for 15000 turns
for conditions of a U2+ beam at £ = 2.7 GeV /u, parti-
clelosses ~ 10 % in places anywhere in ring except the
ESS [4] were obtained. Applying new settings for the res-
onance sextupoles, essentially generated by reducing their
strengths in order restore the size of the stable phase space
area and to re-adjust its orientation, reduced these |osses to
lessthan 1 %. In addition, particleslosses of about 3 % due
to collisions with the ESS were obtained without and with
modifications of the settings which is acceptable. Simi-
lar amounts of lost particles could be achieved in ongoing
tracking studies also for beams of lower energies, where
the sextupole settings always had to be adapted to the ac-
tual magnet errors. The results indicate that finding proper
sextupole settings for each rigidity will be essential for en-
abling slow extraction from the real machine.
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Behavior of the planned RF feedback loops under beam loading during a
reference Sl S100 cycle

D. Mihailescu-Stoica’t, J. Adamy?, D. Domont-Yankuloval>3, H. Klingbeil?3, and D. Lens®
1TU Darmstadt RMR, Darmstadt, Germany; >TU Darmstadt TEMF, Darmstadt, Germany; 3GSI, Darmstadt, Germany

It iswell known that beamloading effectsin acceler-
ating cavities can have a serious impact on the beam
quality. In order to prevent emittance growth and to
keep beam loss low during acceleration, detailed simu-
lationsarenecessary to evaluatethe effectson the cavity
and itslow level RF feedback systems. This situation is
aggravated by thefact that in a SI S100 scenario two out
of ten buckets have to stay empty. Up to now the closed
loop performance of the overall cavity system is still an
open topic. Thereforeadetailed study hasbeen started.

Planned architecture and requirements

For most operating conditionsferrite-cavities can bewell
modeled as parallel, time variant RLC-circuits[1]. In order
to analyze the influence of beamloading and empty buckets
asimulation model has been set up consisting of the cavity
itself, its attached control loops and a macro-particle non-
linear tracking simulation. The LLRF systems consist of
the amplitude control loop, the resonance frequency control
and the cavity synchronization. The amplitude control loop
is planned as a linear Pl controller in order to achieve sta-
tionary accuracy. The resonance frequency controller is as
well aPl element and possesses additionally afeed-forward
path which maps the desired resonance frequency to the de-
sired bias current. Finally the cavity synchronization is a
P-type controller with inherent integral type behavior.

It can be shown that all three control loops are influenced
by beam loading. As a phase accuracy of better than 3 °
and an amplitude accuracy of +6% are intended to guar-
antee a satisfactory beam quality [2], beam loading effects
must not be neglected. Especially theinduced parasitic fre-
guencies due to empty buckets are an open topic up to now
and the planned control architecture has to be validated
with respect to thisissue.

Simulation of the RIB 238U28+ 2.7GeV cycle

Nonlinear tracking simulations of the full acceleration
cycle were performed for 5 x 10! 238U28+ jons with an
injection energy of 1.976 x 10%eV /u and an extraction en-
ergy of 2.7 x 10%eV /u according to the official SIS100 cy-
cle document [3]. The maximum synchronous phase dur-
ing the cycle is 59.28° with a maximum gap voltage of
372.53kV. The bunches are injected in groups of two, let-
ting the last two buckets of in total ten empty. The shape of
two bunches during accel eration, near flat top, is shown in

*Work supported by GSI
T dinu.mihail escu-stoi ca@rmr.tu-darmstadt.de
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Figure 1. Two filled buckets during acceleration: particles
(blue), beam current (green), gap voltage (black) and center
of gravity (red)

Fig.1, wherethe peak beam current reachesabout 6 A . The
emittance growth depends on the bunch position. Whilethe
first bunch growth by 2.1% the sixth bunch shows an emit-
tance growth of 8.4%. Particle losses are hardly noticeable
and will be dominated by other effects. The objective of
the simulation is to serve as a proof of principle for the
closed-loop control systems planned for SIS100. Thereis
still the possibility to improve the beam quality, for exam-
ple by temporarily de-activating individual cavities.

Outlook

The results obtained in the detailed simulation study de-
scribed in this contribution show that the planned low level
RF control loops are able to deal with beam loading ef-
fects during the extremal RIB 232U2%+ cycle and main-
tain the RF accelerating voltage at the desired set point.
Current work focuses on the influence of beam loading on
the LLRF systems during a bunch-to-bucket-transfer from
SIS18 to SIS100 and the arising transient effects. In future
the influence of dipole beam oscillations on the stability
and performance of the controlled cavity dynamics is go-
ing to be analyzed.
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Signal processing development for the SI S100 bunch-by-bunch longitudinal
feedback*

D. Lens'!, M. Hardieck!3, K. Grof?, H. Klingbeil*?, M. Kumm?, K. Moller3, and P. Zipf3
1GSI; ?TU Darmstadt, TEMF; 3University of Kassel, Digital Technology Group

Overview of the System

The bunch-by-bunch longitudinal feedback planned for
SIS100 is a broad-band feedback system (BBFB) that will
help to stabilize the beam, keeping longitudinal emittance
blow-up low and minimizing beam losses [1]. The low-
level RF (LLRF) topology of the signal processing part of
the system is mainly based on hardware and software com-
ponents that have already been successfully tested in sev-
eral machine experiments at SIS18, e.g. [2, 3]. However,
some new components have to be developed such as a de-
multiplexer and multiplexer (MUX). Here, the progress on
the development of the digital MUX is reported.

Digital Multiplexing and Amplitude
M odulation

The signal processing chain of the BBFB system is
planned in principle as follows. First, the beam current sig-
nal is de-multiplexed into 10 channels each representing a
single bunch (two channels will be zero for SIS100). For
each channel, a DSP system with analog pre-processing is
used to detect the bunch phase and amplitude and to cal-
culate correction values (phase and amplitude). The cor-
rection values for al channels are converted to in-phase
and quadrature components (1/Q) and then forwarded to the
MUX. Asthe BBFB system will use dedicated broad-band
kicker cavities, a driver signal for these cavities has to be
generated. Therefore, the MUX hasto convert the 1/Q cor-
rections of all channels into a single analog driver signal.
Since the corrections of each channel must act on a partic-
ular bunch, it is mandatory that the driver signal is synchro-
nized with the beam. Thus, the MUX also needs reference
RF signals as inputs.

Figure 1 showsthe inner functionality of the MUX. The
signals with the correction values for each bunch are trans-
mitted over a so-called Optical Direct Link (ODL, [4]).
They consist of a stream of optical telegrams that contain
the 1/Q components. The new values are stored in buffers
before they are used to avoid parameter switching during
operation. The MUX performs a unique bucket number-
ing by counting periods of two reference RF signals (sine)
which correspond to the bunch frequency (analog inputs)
and the revolution frequency (harmonic number h = 1,
Trigger input), respectively. Using these signals, the multi-
plexer selects the correct pair of 1/Q values for the current

*Work supported by GSl.
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Figure 1: Functionality of the planned MUX module.

bunch and modulates the two analog signals with & > 1
(sine and cosine) according to | and Q. To obtain the nec-
essary phase and amplitude correction of the beam, the gap
voltage of the kicker cavities has to be scaled with respect
to the total gap voltage of all other SIS100 cavities. There-
fore, a subsequent modulation with an optical amplitude
ramp is needed. Finally, the driver signal is generated as an
analog signal at the output.

Outlook

The MUX firmwareis currently under development and
will be tested in a laboratory environment first. As a next
step, a machine experiment with beam at SIS18 using one
of the h=2 magnetic aloy cavities as dedicated kicker cav-
ity will be necessary to evaluate the setup.
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Introduction

In the continuity of [1] and [2], this paper reports the
status stand of the Bunch-to-Bucket transfer topology de-
velopment for FAIR as well as some key results obtained
recently. The Bunch-to-Bucket topology for FAIR relies
on the BuTiS absolute time frame and White Rabbit high-
speed synchronous Ethernet packet exchange.

Implementation

The position of the beam’s first bucket is locally and
asynchronously measured at the source and at the receiving
synchrotron by means of a DSP-based phase measurement
system [3].

— —— —
JL SCU }=‘ PAP ‘<=‘ DSP ‘ from beam

Figure 1: Functional flow of the new Bunch-to-Bucket
transfer acquisition chain for FAIR.

As shown in Fig. 1, the Phase Advance Prediction (PAP)
module uses the measured phase values to extrapolate a re-
synchronized phase value and time-stamp it before it shares
it through a separated Virtual LAN of the White Rabbit
network by means of a Scalable Control Unit (SCU) [4].

According to the latest measurements, the transfer of
synchronized Ethernet packets via the White Rabbit costs
less than 30 ps per switch layer. The maximum amount
of switch layers depends on the tolerable frame loss rate.
The firmware of the White Rabbit switches is still under
development at CERN.

New functions such as the PAP function require the de-
velopment of a new FPGA-based Multi-purpose Hardware
Unit (MHU), which is under development in cooperation
with the IES Institute at the TU-Darmstadt. The MHU
benefits from a modular design and a variety of interfaces,
which make it a key stone for a variety of applications fore-
seen in the framework of the FAIR development.

White Rabbit

Phase advance prediction

The DSP-based phase measurement device delivers
phase difference values between a RF signal and a BuTiS-
based synchronous reference signal through optical tele-
grams every 3.22 ps with an accuracy of 0.1  [5]. Ac-
cording to the technical concept, the maximum absolute
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frequency difference between the measured signal and the
reference signal is 50 kHz.

Phase prediction algorithms have been developed in
Python and tested off-line with real phase measurements
performed in February 2017 at GSI. The equation

_ 1 M-—1 ~ 1 M—1N+n—1
X:M;:%X":W; ; X, ()

enables to use a minimum amount (V) of required samples
(X,) to achieve the required prediction stability of 1 © over
the expected 10 ms of synchronization time (see fig. 2). M
defines a second averaging window.

5000/ - - °

800 ! ! | !
10 20 30 40 50
frequency difference in kHz

minimum amount of samples

Figure 2: Summarized results of PAP code simulation as
function of the frequency difference.

Outlook

Recent results confirm that the averaged phase advance
converges towards a final value. The minimum amount of
samples that is required to reach the required accuracy is
very large but can be optimized.

The phase advance prediction accuracy and the system-
atic errors must still be investigated.
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Beam position measurement during multi-turn injection in SIS-18

R. Singh, P. Forck, A. Reiter, and Y. El-Hayek
GSI, Darmstadt, Germany

New asynchronous algorithm for beam position evalu-
ation [1] provided online measurement of beam position
of each injected beamlet during the multi-turn injection in
SIS-18. Injection bump and decoherence of injected beam
were clearly visible. Further, horizontal and vertical tune
at injection were measured.

Experiment and results

The multiturn injection in SIS-18 involves painting the
UNILAC beam into horizontal transverse phase space by
means of injection bumper and appropriate horizontal tune
setting over several revolution periods of SIS-18 [2]. The
exact temporal length of injection is regulated by the time
window of electrostatic chopper. Figure 1 shows the pick-

ADC Channels (arb. units)

0.00 002 004 006 008 010 012 014
Time after first injection (ms)

Figure 1: Raw data from top plate of the BPM 3 immedi-
ately after the start of multi-turn injection.

up data recorded immediately after injection. Nine beam-
lets with 108 MHz structure are injected which decoheres
in roughly 1 turn. Since the “chopper window” is not ex-
actly matched to revolution time, an additional longitudi-
nal structure with revolution frequency and harmonics stay
for 100-500 turns depending on the exact beam momen-
tum spread. Presence of such a longitudinal structure due
to the injection process allows for position calculation in
these periods after injection and could be utilized to tune
the injection.

Figure 2 shows the horizontal and vertical positions at
BPM 3 as a function of number of turns. The horizontal
oscillations are expectantly much larger than vertical oscil-
lations and the initial horizontal position at BPM 3 is ~ 18
mm confirming the injection bump design. An “Injection
orbit” is calculated by taking an average of initial 2 turn
positions. It is plotted as a function of section number in

DOI:10.15120/GR-2017-1
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Figure 2: Vertical and horizontal beam oscillations after
injection at BPM 3.
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Figure 3: The orbit bump created during injection.

Fig. 3. BPM 12 was unavailable between 3rd and 40th turn
while capacitor charging and discharging transients were
observed. The vertical BPM in section 7 was malfunction-
ing during this experiment and the corresponding data point
should be ignored. The orbit bump matches well with de-
signed orbit bump shown in Fig. 7.4 of reference [2]. Fur-
ther tune was measured by spectral analysis of turn-by-turn
data in both planes and the results compared well with the
set values during the experiment.
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Pressure measurement in low temperature vacuum systems —
Advances in the development of an extractor ion gauge with CNT cathodes
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Abstract

Pressure measurement in cryogenic UHV and XHV en-
vironments is non-trivial. Basically, commercially availa-
ble hot-filament ion gauges can be used in cryogenic vac-
uum systems [1], however, one has to accept disad-
vantages. The operation of their thermionic filament is al-
ways associated with a huge heat development. The heat-
produced radiation disturbs the thermal equilibrium of the
ambient gas and makes the pressure reading erroneous. In
a cryogenic environment, moreover, such additional heat
load is absolutely unwanted as it must be countered by a
higher cooling effort. The problem of thermionic cathodes
in ion gauges can be overcome by using non-thermal field
emitter cathodes instead. For this reason, we studied a con-
ventional extractor ion gauge type IE514 (INFICON) with a
single CNT emitter cathode. Our investigations published
in [2-4] confirmed the general functionality of this gauge
with a field emission cathode in low temperature vacuum
systems. In order to improve the gauge performance by ex-
tending its measuring range towards lower pressures, a
gauge design with multiple field emitter cathodes was de-
veloped and evaluated in numerical simulations [5]. In this
gauge design small-sized field emitter cathodes were ar-
ranged around the anode grid. Two different emitter types
have been tested consecutively with this design: gated field
emitter arrays (FEA) and CNT cathode spots.

Gated Mo field emitter array-based gauge

The gated molybdenum field emitter array chips were
provided by the Vacuum Nanoelectronics group of PSI,
Switzerland. The emission properties of these emitters
were studied in [6] and showed emission currents > 1mA
at relatively low gate voltages, making their use in an ion
gauge interesting. However, during conditioning at GSI,
short circuits between substrate and gate occurred in every
tested FEA. The reasons are not known. We suppose a
chemical reaction of the Mo field emitter tips with the re-
sidual gas or a dust particle effect. Also, the emission cur-
rents extracted before breakdown were insufficient for the
application in our gauge. If they cannot be significantly in-
creased by appropriate measures, these emitters seem to be
unsuitable for the use in our modified gauge.

CNT cathode-based gauge

Due to our positive experience with CNT cathodes dur-
ing our previous studies [2-4], we decided to examine the
use of CNT cathodes instead of FEAs in the advanced ex-
tractor gauge design. Since CNT cathodes need substan-
tially higher extraction voltages than micro-structured
FEAs to generate comparable emission currents, numerical
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simulations have been carried out first to investigate the
impact of the higher potentials on the electron trajectory
length and thus on the gauge sensitivity. The results ob-
tained have shown that the electron trajectory length de-
creases only slightly. This finding suggested that the gauge
with 3 individual emitter arranged around the anode grid
(each rotated by 120 degrees) can also be used for a gauge
with CNT cathodes. However, a new miniature CNT hous-
ing had to be developed which fits into the tight space be-
tween the anode grid and the surrounding vacuum tube.
Furthermore, the housing had to be as small as possible in
order to keep the additional gas load due to the outgassing
to a minimum. In addition, the housing design had to be
such that the extraction potential (< 1kV) is safely insulated
against the ground potential (substrate). The gap distance
between emissive CNT layer and extraction grid was set to
200 um. The final CNT housing and its integration into the
gauge are shown in Figure 1.

CNT emitter spots o —
=" CNT layer T

with extraction grid P
‘ 7 (d=2.5mm) ~
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AN
> AN

M1.4 screw \
Ny /
substrate part /

Al,0, bush \
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\
(wire diameter 50pm)

anode grid

I
/
/

extraction part -
~___ (meshis spot-welded) _—

Figure 1: Advanced extractor ion gauge with parallel-
wired miniature CNT cathode spots.

The CNT layer deposition and the final assembly of the
customized CNT cathodes have been contracted out. The
CNT emitter spots were tested and showed sufficient emis-
sion current to be suited for the use in an extractor gauge at
the expected extraction voltages. Preliminary measure-
ments of the gauge characteristic show a higher gauge sen-
sitivity compared to the former gauge design, as predicted
by the numerical simulations.
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Study of SIS-18 spill structure by introducing external ripples

R. Singh, P. Boutachkov, P. Forck, P. Kowina, P. Schmid, A. Stafiniak, and H. Welker
GSI, Darmstadt, Germany

The slow extraction spill structure from SIS-18 suffers
from ripples of the main magnet power supplies which re-
sults in a duty factor significantly below the theoretically
achievable level given by the Poisson statistics. External
ripples were introduced into dipole and quadrupole power
supplies and their effect was observed in the spill structure
in order to estimate the magnitude and frequency of inher-
ent power supply ripples.

The duty factor within in the time period At of the spill
is defined as,

(NV)?

F(A) = v =

(N)?
(N)2 + o2

where NN is the particle count in each measurement bin 0t
and o is the std. deviation. It can also be described as the
ratio of "DC power” to total power in the spill frequency
spectrum. In our measurements, At and J¢ were chosen
10 ms and 10 us respectively. Figure 1 shows the change
in the spill duty factor for bunched and unbunched beams
as a function of ripple currents introduced in dipole and
quadrupole power supplies at 137 and 177 Hz respectively.
The frequencies were chosen such that no overlap happens
with harmonics of 150 Hz inherently present in the power
supplies. Bunched beams are known to be more robust to
power supply ripples as explained in [1].
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Figure 1: The change in duty factor for increase in ripple
amplitude for dipole and quadrupole magnet power sup-
plies.

The quadrupole ripples modulate the tune and therefore
the stable phase space area at slow extraction and leads to
a strong influence on the spill duty factor. Dipole ripples
on the other hand affect the extraction process via change
in dispersion and mean orbit which do not strongly trans-
late into spill structure variations. Figure 2 compares the
temporal variation of duty factor along the extracted spill
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Figure 2: Duty factor of an unbunched beam with no exci-
tation and 15 mA ripple introduced in the quadrupole.

for an unbunched beam without any excitation to the case
with 15 mA ripple introduced in the quadrupole. It can
be compared to the theoretical "Poisson spill” which also
indirectly represents the actual extracted spill profile. Fig-
ure 3 shows the spectra of the spill in previous figure. The
relative heights of peaks at 177 Hz and 600 Hz gives an
estimate of inherent ripple of ~ 5mA present at 600 Hz
in the quadrupole power supply. Since the magnet current
was set to 500 A at the time, the inherent ripple to total cur-
rent ratio is 10~°. The full scale dipole current is 3.5 kA
and for quadrupoles is 1.75 kA.
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Figure 3: FFT of the spill with 15 mA ripple at 177 Hz
introduced in the quadrupole for unbunched beam.
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Rf based bunch detection for position calculation in SIS-18
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GSI, Darmstadt, Germany

For the calculation of synchronous bunch-by-bunch
transverse beam position in SIS-18, the temporal posi-
tion of the bunches in the pick-up (PU) data stream has
to be accurately identified. At present, a bunch detection
method based on double threshold crossing of the PU data
is used [1]. However, this data based bunch detection ap-
proach led to operational issues when the bunches were
very short during proton operation (only 1 or 2 ADC sam-
ples) or when misformed bunches or unexpected amplifier
spikes occur. To overcome these shortcomings, an r f fre-
quency based bunch detection was attempted where the ca-
ble lengths and amplifier delays between PU cables and r f
signal cables were matched.

The r f signal is strongly correlated to the PU signal due
to the fact that bunches are formed as a result of cavity ac-
tion. The rf cavity feedback system guarantees that the
DDS source and cavity phases are precisely matched [2].
Usually the rf cavity signal is required by the BPM ac-
quisition system to convert absolute time into units of syn-
chrotron revolution turns. The signal paths from r f cavity
and PUs to the acquisition system are shown in Fig. 1. The

LS(I,
DDS RF Acquisition
source tsa

tpa

L. Lpa
Cavity
electron- \\ v
ics

Figure 1: Principle of r f based bunch detection.

time difference At between the two paths is a function of
r f frequency given by,

At(frf) =tsq — (tsc + tpa + tTOF) (1)

where t7op denotes the time required by beam to traverse
between cavity and PU and scales with beam velocity, 2,
and 4, are the path delays between the components high-
lighted in Fig. 1 taking cables, amplifiers and switching
electronics into account and ¢, represents the synchronous
phase and phase ramp set by the control system. If repre-
sented in terms of the phase slip between the two paths,

a-h

wrf - At(frp) = wrftsa — tpa) = dramp — o @
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where o € [0, 1] denotes the distance between cavity and
the PU normalized to synchrotron circumference, h is the
harmonic number. ¢;..,, is assumed to be independent of
r f frequency for SIS-18 ramp. However, since the r f fre-
quency changes during acceleration ramp to account for in-
crease in beam velocity, a linear frequency dependent phase
slip is expected between r f signal and PU signal unless the
condition wy ¢ (tsq —tpe) = Ois satisfied. A fixed phase off-
set which is function of relative locations of cavity and PU
denoted by « and frequency harmonic / in accordance to
Eq. 2 needs to be individually set at each BPM.

The cavity rf (h = 6) for SIS-18 ramps from 850 kHz
to 5 MHz. In our experiment, we varied the length mis-
match between r f and PU signal cables to compensate the
path delay mismatch in order to eliminate the phase slip as
a function of frequency for a selected PU. Figure 2 shows
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Figure 2: The measured phase slip as a function of fre-
quency for different cable length variations.

the measured phase slip as a function of 7 f frequency for
several variations of relative lengths of f and PU cables
(tsa — tpa). The phase slip was minimized when PU cable
was appended by a 20 m cable. With this compensation in
place, robust bunch detection independent of PU data de-
formations can be performed under most operational sce-
narious.
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Observation of SIS-18 spill structure by systematic parameter variations

R. Singh, P. Boutachkov, P. Forck, P. Kowina, and P. Schmid
GSI, Darmstadt, Germany

Typical slow extraction parameters such as chromatic-
ity, momentum spread, sextupole strength and spill extrac-
tion length were systematically varied individually to see
their effects of spill structure for the quadrupole driven res-
onance extraction.
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Figure 1: The effect on duty factor for change in momen-
tum spread variation.

Chromaticity and momentum spread of the beam affect
the spill structure via their effect on tune spread of the
beam. A changed tune spread is not expected to have a
significant effect on the spill duty factor for our extraction
method where the tune of the beam is moved into reso-
nance using fast quadruples. Thus, any power supply rip-
ples will have a similar effect on the beam irrespective of
tune spread. Figure 1 shows the duty factor [1] for three
values of beam momentum spread confirming the assertion.

Figure 2 shows the duty factor along the extracted spill
for various set sextupole strengths. A clear trend of spill
structure improvement as a function of sextupole strength
is seen. Figure 3 shows the corresponding spill spectra,
where the high frequency components are seen to be dras-
tically reduced for lower sextupole strength. The stable
phase space area is inversely proportional to the sextupole
strength, and therefore a smaller sextupole strength has two
major effects countering the tune ripple. First, it reduces
the ability of tune ripple from completely “squeezing” the
phase space area, and second, a larger stable phase space
area corresponds to a larger range of transit times for the
extracted particles i.e. the time between when they become
unstable till the time when they exit the septum. These
larger range of transit times are expected to suppress the
effect of high frequency ripples on duty factor [2]. One
should note that sextupole strength cannot be arbitrarily re-
duced since the resulting smaller “’spiral step” and “spiral
kick” would lead to higher losses in the septum. Further
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Figure 2: The change in duty factor for variation in sex-
tupole strength. Note: The non uniform shape of duty fac-
tor curve do not represent the spill profile/structure.

simulation studies are required to understand these results.
Reduction of spill length is effectively a faster tune
movement towards resonance and should reduce the the ef-
fect of ripples and improve the duty factor [2]. This was
also clearly observed during the experimental campaign.
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Figure 3: Spectra of the the spill data used in Fig.2.

The observations will be further studied by means of
simulations to determine the relative importance of each
parameter and obtain hints on their operational usage.
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System design

The LEB cave could be integrated into the Civil Con-
struction planning to its full extend which includes in par-
ticular the floor plan of the beam lines and their technical
infrastructure as well as the arrangement of the various ex-
perimental areas. A rather short and thus cheap connection
of the local cryogenic into the LEB could be found by link-
ing it directly to the separator tunnel. This avoids to install
the previously planned long cryo transferline into the sup-
ply building. In fact by introducing an additional distribu-
tion box in the LEB cave also a simplified and direct cryo
connection from the LEB cave to the HEB Cave could be
realized.

Magnets

During 2016 an extensive design phase of the SC multi-
plets was conducted. Our provider ASG Superconductors
SpA, Genoa, concentrated on the design of the two pre-
series multiplets (one short multiplet and one long multi-
plet). The long multiplet is the most complex cryo mod-
ule and contains altogether 9 individual magnets includ-
ing two types of quadrupoles with superimposed octupole
coils, sextupole magnets, and y-steerer magnets. It has a to-
tal length of approximately 7 m, a diameter of almost 2.7 m
and a total weight of 60 tons. In summer we could release
the Preliminary Design Review (PDR) which included the
complete magnetic design of all individual magnets, a man-
ufacturing sensitivity analysis, a preliminary mechanical
design, as well as the assembly concept. This design was
then detailed and in beginning of December we could also
release the Final Design Review (FDR) for the pre-series
multiplet. The FDR included detailed calculation reports
on all relevant subsystems, the quality assurance documen-
tation, the 3D model and the main 2D drawings, a Factory
Acceptance Test (FAT) Plan, and the report on already pre-
pared mock-ups and specimen of various sub-components.

The technical documents for the superconducting dipole
magnets were approved and also all further tender docu-
ments were established. At the time of writing this report
the tender of these magnets is running (qualifying phase
done already) and tender award is expected for end of 2017.

All revised remote connectors (water, power, etc.) of the
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radiation resistant pre-series dipole were taken into opera-
tion and tested successfully [1] such that the concept will
be included into the design of all remaining radiation resis-
tant magnets. The power dissipation of that magnet into air
was tested once more in order to be able to finalize the tech-
nical infrastructure of civil construction planning (the total
electrical power of all NC magnets in the heavily shielded
target area tunnel is expected to be about 1 MW).

Local cryogenics

The technical discussions with our In-Kind provider
(WUST, Wroclaw, Poland) were initiated. As a result the
conceptual design of the feedboxes was modified such that
we are turning towards a modularized design (see Fig. 1).
In this case each cryo-module is operated by an individual
feedbox which increases the feasibility for series produc-
tion and thus reduces design effort and production time.

Figure 1: Each cryo-module is operated by an individual
feedbox as shown for some short multiplets located in the
Pre-Separator.

Beam instrumentation

The detailed specification for various types of detectors
could be finalized and approved. This includes the SEM
grids (beam profile monitors), the time-of-flight detectors
(ToF), the energy-loss detectors (MUSIC) and the plastic
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scintillates. For these systems the contract preparation with
our In-Kind providers were initiated.

Several prototypes of various detector systems could be
tested during the beamtime in 2016. This comprises in
particular the GEM-TPC (tracking detector) including its
corresponding read-out electronics [2] and silicon detectors
which are intended to be used as ToF systems [3].

The slit systems are produced by our collaboration part-
ner KVI-CART. The contract to manufacture 26 blocks of
heavy tungsten alloy has been awarded to Plansee. Mean-
while all blocks have been produced and were delivered to
KVI. Most of the remaining x-slit purchase parts have been
ordered and the manufacturing of the x-slit series is contin-
uing. The prototype of the y-slit has been manufactured,
too, and the FAT test of this system is in preparation.

Vacuum

The vacuum system design has been detailed and is de-
scribed in [4].

The specification of the SC dipole vacuum chambers as
well as the specification of the focal plan chambers have
been established. Altogether 20 focal plan chambers will
be installed in the Super-FRS. These chambers contain all
Super-FRS beam instrumentation such as various beam de-
tectors, slit systems, degrader stations, etc. (Fig. 2 shows
the focal plane chamber at FPF2, i.e. the midplane of the
Pre-Separator). The chambers have a cross section of ap-
proximately 1x1 m? and a length of up to 4.5 m.

Figure 2: Focal plane chamber at FPF2 with some of its
beam instrumentation inserts.

Target area / handling system

In summer 2016 we signed a collaboration contract with
KVI-CART to design the Super-FRS target chamber and its
plug inserts. A preliminary design of the target chamber is
already available and shown in Fig. 3. The chamber will
be approximately 2.1 m long and it will comprise five plug
inserts including the production target which is a rotating
carbon wheel. Each plug insert consists of a functional unit
which is shielded to the top by a 1.6 m high iron block. The
weight of one plug is up to 4.0 t.

All plug interfaces (electrical power, cooling water, etc.)
are located on the top of the plug which will be accessible
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Figure 3: Preliminary design of the Super-FRS target
chamber.

by a maintenance tunnel. Here also vacuum pumps will be
placed which are coupled to the target chamber by a knee
in backward direction to minimize the radiation level on
the top of the chamber. The plugs will be inserted into the
target chamber from the top by means of a special trans-
port flask (not part of this work package) and must then be
guided into the chamber. To demonstrate the feasibility of
the plug-guidance system a 1:1 mock-up is in preparation,
too. Another feature is the integration of a thermal imaging
system for diagnostic purposes of the beam spot on the tar-
get. Basically it will consist of a mirror system which will
guide the light out of the high-radiation zone where it will
be coupled to an IR camera.
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Upgrade of the prototype of a radiation resistant Super-FRS dipole to an opera-
tional FAIR-magnet

H. Leibrock, C. Miihle, T. Blatz, C. Will, A. Bergmann, R. Lotz, O. Zurkan and M. Winkler *
GSI, Darmstadt, Germany .

The areas after the production target of the Super-
Fragment-Separator (Super-FRS) will be exposed by high
radiation. Integral doses up to 2.8:10° Gy (mainly neu-
trons) within 20 years of operation are expected. Special
magnets only consisting of non-organic radiation resistant
materials like mineral insulated cables (MIC) must be
used to ensure the functionality.

After the operation of the Super-FRS is started, direct
access to the magnets is impossible because of the high
radiation. Misalignment of the magnets due to settlement
must be corrected with remote alignment of the adjustable
support frame below the magnet. The remote alignment
will be done per hand with rods and angle gears through a
1000 mm thick steel/concrete screen in a service tunnel
above the magnets.

A prototype of a radiation resistant dipole has been
made in cooperation with the Budker Institute in Novosi-
birsk [1] (Figure 1). It was successfully tested in the year
2009. The required field quality is achieved. The coils and
the yoke of the magnet will withstand the hard conditions
in the Super-FRS tunnel. Due to the results of the tests it
was decided to use the prototype as one of the three nec-
essary dipoles in the Super-FRS target area.

Figure 1: Prototype of the radiation resistant Super-FRS
dipole after delivery to GSI.

Unfortunately not all parts of the prototype of the ad-
justable support frame below the magnet fulfil the re-
quirements of radiation resistance and operability so a
new adjustable support frame has been designed and
manufactured (Figure 2). One important requirement be-
sides the radiation resistance is that the adjustment in all
directions must be possible with hand wheels. The re-
quired torque for adjustment in all directions must be less
than 100 Nm. Three feet stand on a 3 m x3 m baseplate.
Roller bearings allow individual horizontal movements of
each foot. The top of the feet are fixed on a steel support
frame which carries the 90 tons magnet.
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Figure 2: One adjustable support frame for one dipole
with the six adjustment rods. This system allows an ad-
justment for all six degrees of freedom.

The horizontal movement is based on a three strut sys-
tem. These three struts are connected on one side with an
angle gear; the other side is fixed on the support frame
(Figure 3).

Strut for adjustment along beam direction and rotation (yaw)
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Figure 3: Top view on the support frame. A 3-strut system
is used for horizontal adjustments.

The vertical adjustment is based on the principles of the
feet of the prototype but with 100 % non-organic material.
An angle gear and a gear inside each foot connected with
a cardan shaft reduce the required torque for vertical
movement to less than 100 Nm. It appeared that the com-
bination of heavy weight (100 tons) and greaseless gears
(grease is not radiation resistant) is still a challenge. But
after several tests with different materials and coating the
problems were solved.

In parallel to the work on the new adjustable support
frame new connections for cooling water and electrical
current have been designed and manufactured. Long term
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tests with the 100% powered magnet (140 kW) verified References

the full functionality of the new connections. [1] C. Muehle et al., “Radiation Resistant Prototype Di-
pole for the First Stage of Super-FRS”, IEEE Trans.
Appl. Supercond., vol. 22, p. 4003304, 2012

454 DOI:10.15120/GR-2017-1



GSI SCIENTIFIC REPORT 2016

FAIRPROJECT-SUPERFRS-3

Pressure ssimulation for the Super-Fragment Separator (Super-FRS) of the GS|
future accelerator facility FAIR with various pumping configurations *

J. Kurdal!, A. Bergmann?, and E. Renz
1GSI, Darmstadt, Germany

The Super-FRS will be the most powerful in-flight
separator for exotic nuclel up to relativistic energies
[1]. These calculations are mandatory to estimate
the number of pumps, their pumping speed and the
position in the Super-FRS[5].

Simulated BeamlinesFMF1 - FMF2

The simulated beamlines consists of multiplet, dipole
and focal plane chambers (Figure: 1).

Figure 1. Drawing from FMF1 - FMF2: From left to
right, Multiplet, 3 Dipoles, Multiplet, Focal Plane Cham-
ber, Multiplet, 3 Dipoles, Multiplet, and a Focal Plane
Chamber.

The Simulation Software

For simulations Molflow+ [2] was used, which is a Test
Particle Monte Carlo (TPMC) [3] Software. The code gen-
eratesatotal number of NV,;.-+.,q; test particles, each of them
represents the number of real particles.

_ Z dNVrea / dt
Nvi rtual

= )
The cosine law of Knudsen is applied as ds = 4 . @,
where ds is the probability that a molecule leaves the sur-
face, dw the solid angle and © the polar angle. Both angles
can be generated in the following way: © = sin~!/r and
6 =r < 2-m. WhereJ is measured from x-axis in xy-
plane in spherical coordinates. The random number r is
uniformly generated in the real interval from (0,1). Fast
gas molecules cross more frequently transparent facets[2]
into the volume as slower ones[4]. If f(v) 4as) iSthe prob-
ability density function in volume (pdf), then it's possible
to calculate the pdf of molecules colliding with thewall in
acertain period f(v) (conr) [3,4]-

F()eou = f(v)gas v C %)

C is the normalizing factor (the integral of pdf must be
unitary [4]). The following is obtained after a number of

* PSP-Code: 2.4.7
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mathematical transformations and simplifications:

1 8- R-T
N = f V)(gas) =
f(v)(gas) ( )(g ) mT™-m

C = (©)

Results

The results diagrammed in (Figure: 2) reveal that both
concepts should work for the Super-FRS (pressure in the
range of 10~7 mbar is required). Momentary there are me-
chanical collisionswith the 4 ion getter pumps between the
multiplets (Figure: 2) blue (diamonds). At the moment 3
ion getter pumps with a pumping speed of 300 I/s each be-
tween the multiplets seems to be the best solution [5] (Fig-
ure: 2) red (dots).
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Figure 2: Pressure Profile from FMF1 - FMF2: Blue (di-
amonds) 4 1GPs between multiplets S=200 I/s per IGP, 1
TMPinthefirst focal planeand 2 in the second S=10001/s
each. Red (dots) 3 IGPs between multiplets S=300 I/s per
IGP and 1 TMP with S=1000 I/s per chamber.

References
[1] H.Geisel et a., Nucl.Instr. and Meth. in PhysRes.B 204
(2003) 71-85
[2] M.Ady “Molflow+" https://test-molflow.web.cern.ch

[3] R.Kersevan, J. L. Pons, Journal of Vacuum Science Technol-
ogy A 27, 1007 (2009)

[4] R.Kersevan, 13th [UVSTA School on Vacuum Gas Dynam-
ics, Thessaloniki, Greece (2015)

[5] JKurdal, et a, 14th EVC, Portoroz, Slovenia (2016)

455



FAIRPROJECT-SUPERFRS-4

GSI SCIENTIFIC REPORT 2016

Twin GEM-TPC prototype (HGB4) beam test at GSI — a tracking detector for
the Super-FRS

F. Garcia™, R. Turpeinen?, J. Aysté™?, T. Grahn'?, S. Rinta-Anttila'?, A. Jokinen'?, B. Voss®,
J. Kunkel®, V. Kleipa® H. Risch®, C. Caesar®, C. Simons®, A. Prochazka®, C. J. Schmidt?,
J. Hoffmann?, I. Rusanov®, N. Kurz®, H.Heggen®
"Helsinki Institute of Physics, University of Helsinki, 00014 Helsinki, Finland

University of Jyvaskyld, Department of Physics, 40014 Jyvéskyla, Finland
*GSI Helmholtzzentrum firr Schwerionenforschung, Darmstadt 64291, Germany

INTRODUCTION

The GEM-TPC detector will be part of the standard
Super-FRS detection system, as tracker detectors at
several focal diagnostic stations along the separator and its
three branches.

GEM-TPC DETECTOR DEVELOPMENT

A group was created in 2009 for the development of a
tracking detector to be located along the Super-FRS. Since
then a series of prototypes were built and tested at GSI'!
The main requirements for the operation of those
chambers are: close to 100% tracking efficiency at 1 MHz
rates and position resolution less than 1 millimeter in the
full acceptance on each diagnostic station. In order to,
achieve such requirements a new configuration was
proposed with two GEM-TPCs enclosed in one vessel; in
such a way that one is flipped in the middle horizontal
plane against the other one, thus the electric field of the
field cages will be in opposite directions. Therefore,
constraining the time of arrival of the hits in each GEM-
TPC can drastically reduce the ambiguity of association of
hits to a single track and therefore achieving the desired
tracking efficiency.

BEAM TEST AT GSI & JYVASKYLA

The twin prototype 2 called HGB4-2, is shown in Fig. 1
was tested at GSI in cave S4 and in Jyvaskyla.

Fig. 1. Super-FRS GEM-TPC prototype HGB4, equipped
with four GMX-NY XOR cards.
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During these campaigns the readout system was the
GMX-NYXOR cards, which contains two n-xyters chips
to readout a total of 256 channels per card.

Fig. 2. The readout system GMX-NYXOR cards during
testing in the laboratory.

Below is shown a correlation plot of the two GEM-TPCs
X-axis projection of the HGB4-2 chamber.
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Fig. 3. Position correlation of the Top and Bottom GEM-
TPCs of the HGB4-2 prototype for 2*Xe projectiles (left)
and signals from the Bottom of both GEM #3 at 2.20 MHz
rate under Protons at Jyvéskylé.

Fig. 4. Single clusters for primary **Xe @ 660 MeV/u
beam.
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Results from the test Beam campaign at Jyvéskyla and
GSI has shown that twin GEM-TPC (HGB4-2) has
operated very stable in continuous mode and the concept
has been proven to be the final one.
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Performance tests of the Si detectors for TOF beam diagnostics of the
Super-FRS’
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M. Golovkov?, S. Golubkov*, A. Gorshkov??, C. Konkov*, D. Kostyleva'?®, S. Krupko??, D. Mitina®,
C. Nociforo!, R. Slepnev?, P. Sharov?, Y. Tuboltsev* and E. Verbitskaya®

'GSI, Darmstadt, Germany; 2JINR, Dubna, Russia; >FSBI NRC "Kurchatov Institute” - ITEP, Russia; “Research Insti-
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The Time of Flight (ToF) information about the heavy-
ion beam is one of the key aspects for the successful ion
identification. It is also true for the Super-FRS setup and
it’s ToF system being designed now. The key parameter
of the ToF system is the time resolution <30 ps (rms) for
the 2®U ions. The active area of the largest station should
be up to 380 x 60 mm? requiring the size of individual
sensors to be at least 60 x 60 mm?. In addition, similar
detectors are needed for the experiments within the pro-
ject EXPERT (EXaotic Particle Emission and Radioactivi-
ty by Tracking) which is a part of the physics program of
the Super-FRS Experiment Collaboration [1]. These ex-
periments are aimed at studies of the unknown exotic nu-
clear systems beyond the proton and neutron drip-lines
and will use the first half of the Super-FRS as a radioac-
tive beam separator and its second half as a high-
resolution spectrometer. The ToF information on the sec-
ondary ion beam and triggering on certain ion type will
absolutely be required.

In summer 2016 a beam test of the few Si strip detector
prototypes has been performed using '**Xe and '?C at
energy of 600 MeV/u beams. One prototype had an active

area 64 x 64 mm? and the strip pitch of 1 mm (Fig. 1).

Figure 1: Photograph of the Si strip detector in the vac-
uum chamber. The small Si pad detector and the fiber-
optic cable mounted on the top of it are also visible.

The second prototype had the same strip length but a
different strip topology - the strips were arranged in 3
groups of 5 strips in each — with the pitch of 1 mm (2
groups with different width of interstrip gap) and one
group with 1.5 mm pitch. A thickness of each detector
was 300 um. A quadrant detector built with 4 pads of 5x5

*Work was carried out with partial support by RSF (project No.
17-12-01367), A.B., A.G. and S.K have been also supported by FAIR-
Russia Research Center.

*0.kiselev@gsi.de
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mm? each, was used as a start detector.

In addition, a thin scintillator detector LOS read out by
4 PMTs was provided by the R3B group as a reference
start detector. One small Si pad detector illuminated by
the red laser via the fiber-optic cable was also mounted
for controlling the readout electronics based on the PADI-
6 [2] preamplifier/discriminator and FPGA TDC VFTX2.

The time resolution of the large detector prototype has
been already measured with U and Au ion beams; this
time the main goals were the measurement of the ToF
resolution with lighter ions beams, plus testing a different
strip topology and confirmation of the previous measure-
ments with U ions. More details about the detectors and
setup can be found in [3].
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Figure 2: TOF resolution of the Si strip detector with
124% e beam.

The measured time resolution of the full-size detector
prototype with Xe beam was close to 20 ps, including the
resolution of the quadrant detector. This fully satisfies the
requirements to the ToF system of the beam diagnostics
of the Super-FRS. The analysis of the **C run is still in
progress. It is already clear that the time resolution with
12C beam will be worse due to the lower signal to noise
ratio. This is not a real problem because the light ions
identification is much easier and the requirements to the
detector systems are not so severe as in the case of heavy
ion beams.
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Implementation and test of a setting generator for the GSI fragment separator
FRS in the LHC Software Architecture LSA*

J.P. Hucka"?, J. Enders', J. Fitzek?, H. Huether?, H. Liebermann®, D. Ondreka?, S. Pietri%, and H.
Weick?
I'TU Darmstadt, Darmstadt, Germany; 2GSI, Darmstadt, Germany

The LSA [1] framework from CERN is used to imple-
ment a new control system for accelerators and beam
transfers. The fragment separator FRS [2] and - at a
later stage - also the superconducting fragment sepa-
rator Super-FRS at FAIR will be controlled within this
framework. The challenge posed by the implementa-
tion of the control system for the FRS arises from the
interaction of the beam with matter in the beamline and
the beam’s associated energy loss. This energy loss is
determined using input from ATIMA [3] and has been
included into the code of the LSA framework. The im-
plemented setting generator was simulated and bench-
marked by results of earlier measurements.

Benchmark Setup

The Benchmark was performed with data from the
beamtime in October 2014 with 2 beam fragment settings
and 238U 737 as the primary beam with an energy of
1 GeV/nucl. The used fragment settings are as follows:

e 23U 92F on a Cu-target with 90(2) mg/cm? at TA
and degrader with 4200 mg/cm? at S2

o 134Te 52+ on a Be-target with 6333(1) mg/cm? and
Nb-Stripper with 233(1) mg/cm? at TA and degrader
with 4200 mg/cm? at S2

Detectors (ionisation chambers, multi wire proportional
chambers, TPCs and scintillators) were also taken into ac-
count at the positions of S2 and S4. TA means FRS target
area, S2 and S4 mean middle and final focal plane respec-
tively.

From given focussing strengths of quadrupole magnets and
bending angles of dipole magnets the resulting currents for
every single ion-optical element was calculated and com-
pared to the experimental value and the calculated value of
the simulation software LISE++ [6].

Results: Simulation vs. Experiment

From the given parameters the resulting values of mag-
netic rigidity Bp and current I are used to find the rela-
tive deviation from the experimental values. Uncertainties
in the calculation are only given by the uncertainty of the
thickness of the different targets. It gives the biggest contri-
bution to the resulting energy-loss calculation and delivers
a relative deviation in the order of 10~°. The beam en-
ergy was taken as given without uncertainty. Other input

*Work supported by HIC for FAIR and BMBF (05P15RDFN1).
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parameters were taken from MIRKO [7] with the inherent
uncertainties, which was negligible.

Conclusion

The machine model was benchmarked in the LSA frame-
work with experimental data, which showed that LSA is
better or in accordance with LISE++ calculations for sin-
gle particle beams, whereas for beams containing sec-
ondary particles from fragmentation reactions, the quality
of LSA suffers as there are no nuclear reaction models im-
plemented which help the adjustment of the ion optical el-
ements.
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Design and production of klystron modulators for the pLINAC

S. Pitz, A. Schnase, G. Schreiber
GSI, Darmstadt, Germany

The pLINAC will be driven by seven identical klystron
amplifier systems, each supplying the RFQ and CH accel-
erating structures with up to 2.5 MW of unsaturated RF-
power [1].

Klystron modulators have been designed at GSI to gen-
erate pulsed high voltage for the klystron cathode. At their
nominal operating point (-115 kV, 54 A, 4 pulses per sec-
ond), the modulators produce a useable flat-top width of
360 ps (1% droop).

Figure 1: Electromechanical system layout

The modular construction of the power train with sim-
ple, well defined interfaces between function blocks pro-
vides excellent interchangeability. Components from al-
ternative sources can be easily substituted, should the
original component become obsolete or otherwise una-
vailable over the course of the operational life of the sys-
tem. Function blocks of the pulse forming system are
built from commercial off the shelf components.

Figure 2 shows the principal system structure of the
klystron modulator. A capacitor charger supplied from
400 V mains recharges the capacitor bank between pulses
to a user-defined voltage. The semiconductor switch as-
sembly generates the output pulse and protects the Kklys-
tron load in the event of internal arcing.

DOI:10.15120/GR-2017-1
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Figure 2: Function block diagram

The pulse transformer sets the intermediate voltage lev-
el of the pulse forming system to approx. 3.6 kV, an oper-
ating point at which cost optimal power semiconductor
devices are available. Its parasitic series inductance limits
the rate of rise of current in case of a load short circuit
(i.e. klystron arc).

The control system consists of a PLC in combination
with in-house designed fast analogue and digital electron-
ics to control the switch assembly and implement active
load protection.

Figure 3: Resistive test load (left);
Arc simulator equivalent circuit (right)

A resistive test load has been designed to replace the
klystron during the commissioning phase. A triggered
spark-gap simulates a klystron arc which allows practical
evaluation of the modulator’s load-fault protection per-
formance.

Component procurement for the prototype system is
ongoing. Commissioning of the prototype is planned for
2018. Pending  successful  operation in  the
GSI RF test stand [2], the series production will follow
with the first of series device anticipated ready for instal-
lation in the pLINAC building in 2020.
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Status of the modulated 3 MeV, 325 MHz Ladder-RFQ*

M. Schuett', U. Ratzinger, and M. Syha
IAP, Frankfurt, Germany

Figure 1: Isometric view of the 3.3 m modulated Ladder-RFQ prototype. The copper carrier-rings guarantee the electrode
positioning as well as the RF contact. The ladder structure consists of bulk copper components. Any brazing or welding
processes were avoided for the assembly of the main components. For more details cf. [1]. The successful high power tests
of the unmodulated prototype motivated the development of a new beam dynamics with an increased electrode voltage of

96 kV [2].

Abstract

Based on the positive results of the unmodulated
325 MHz Ladder-RFQ from 2013 to 2016, a modulated
3.3 m Ladder-RFQ (s. Fig. 1) is currently under construc-
tion and will be tested with beam at GSI FAIR, Darmstadt.
The 325 MHz RFQ is designed to accelerate protons from
95keV to 3.0 MeV according to the design parameters of
the p-linac at FAIR. The basic design and tendering of the
RFQ has been successfully completed in 2016.
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Figure 2: Results of the high power tests of the unmodu-
lated prototype. The forward power up to 487 kW is shown
in black. The RFQ accepted the power as the reflected
power is stable along the flat top being lower than 3.34 kW.

*Work supported by BMBF 05P12RFRBY, 05P15RFRBA.
T schuett@iap.uni-frankfurt.de
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High Power Measurements of the
unmodulated Prototype

At the GSI 325 MHz klystron test stand the unmodulated
Ladder-RFQ prototype with an electrode length of 630 mm
was tested with a forward power up to 487 kW (s. Fig. 2)
[3]. That exceeds the designed RF power at an electrode
voltage of 80kV during normal operation by a factor of
3.6. The averaged power reached 200 W, which is about
50% more than the thermal loss during normal operation.

Conclusion

All measurements of the unmodulated Ladder-RFQ such
as frequency spectra, tuning, field flatness are in a good
agreement with the simulations. The vacuum properties
and pump ability has been verified. The design and con-
struction of a full length modulated Ladder-RFQ, which
will be tested with beam at GSI, is currently on-going.
The completion of manufacturing is aimed until the end
of 2017, to be ready for first RF tests in early 2018.

References

[1] M. Schuett, M. Obermayer, U. Ratzinger, M. Syha “Status
of the modulated 3 MeV 325 MHz Ladder-RFQ”, Proc. of
IPAC2017.

[2] M. Syha, M. Obermayer, U. Ratzinger, M. Schuett, “Beam
Dynamics for a high Current 3 MeV, 325 MHz Ladder-RFQ?”,
Proc. of IPAC2017.

[3] G. Schreiber, E. Plechov, J. Salvatore, B. Schlitt, A. Schnase,
M. Vossberg, “First High Power Tests at the 325 MHz RF Test
Stand at GSI”, Proc. of LINAC2016, East Lansing, USA, p.
3745.

DOI:10.15120/GR-2017-1



GSI SCIENTIFIC REPORT 2016

FAIRPROJECT-PLINAC-PBTARGET-3

Beam Position Monitor design for the FAIR proton Linac

T. Sieber?, P. Forck!, W. Kaufmann®, M. Almalki®, C. Simon® and A. Bechtold*
esi Darmstadt, Germany; 2KACST, Riyadh, Saudi-Arabia; 3CEA, Saclay, France; 4NTG, Gelnhausen, Germany

In order to achieve a significant intensity increase in the
FAIR antiproton chain, the planned FAIR proton Linac
will deliver a 70 mA, 70 MeV proton beam with a repeti-
tion rate of max. 4 Hz for injection into the SIS18 syn-
chrotron. The 30 m Linac consists of an RFQ, followed
by a number of cross-bar H-mode cavities (CH), which
are partially combined to doublets, mechanically as well
as rf-wise [1].

A key diagnostics for beam alignment during commis-
sioning and also for verification of reproducibility during
standard operation is an arrangement of 15 beam position
monitors (BPM), which are distributed along the beam-
line. Nine of them are so-called ‘inter-tank’ versions (s.
fig. 1), designed to be mounted directly to the magnetic
triplet housings in between the CH tanks, while the other
six are regular ‘beamline’ BPMs with CF100 flanges for
the HEBT section. Both BPM types comprise four button-
type capacitive pickups.

Figure 1: Left: inter-tank BPM prototype (tube radius 15
mm), right: beamline BPM (tube radius 25 mm).

A prototype of the inter-tank version has been built at
CEA, using buttons from Kyocera. After extensive simu-
lations [2, 3], and lab tests at GSI, a new button type was
developed together with NTG company. The main differ-
ence between this button and the so far considered buttons
(Kyocera, VACOM) is - besides the smaller button diam-
eter of 12 mm instead of 14 mm - the conical increase in
diameter of the inner conductor, starting directly at the
SMA type rf-feedthrough.

Figure 2: Button pickup from NTG. Diameter 12 mm, gap
width between button and housing 1.5 mm.
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This type of geometry leads to a less drastic impedance
jump at the position of the button, where the 50 Q geome-
try is - unavoidably - no longer preserved. To investigate
the effect of this change, time domain reflector (TDR)
measurements were performed and compared to earlier
results. Figure 3 shows the result of such a TDR meas-
urement.

Figure 3: TDR measurements. Left: NTG, right VACOM.

The TDR shows that the new button has a significantly
smaller reflection at the button position (negative peak in
the curve). At the same time it seems to be more prone to
oscillations, which probably derive from the smaller ca-
pacitive load.
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Figure 4: NWA measurement of Sy;. Left NTG, right VA-
COM (scaling 1dB/div, span 300 MHz to 4 GHz).

To investigate the frequency range of these oscillations,
both buttons were connected to a network analyzer and
S1; was measured. Figure 4 shows again the comparison
between the two buttons. In the frequency range below 3
GHz they show quite similar behavior, while above this
value the NTG button has stronger return loss. Since the
given measurement range is < 3 GHz, oscillations above
this value are considered to be non-critical.
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Abstract

The FAIR proton linac will serve as an injector to pro-
vide a 70 mA, 68 MeV proton beam. The main accelera-
tion will be performed by six room temperature "Crossbar
H-type" CH-cavities which will be operated at 325 MHz.
The beam dynamics had been revised by I1AP — Frankfurt
in collaboration with GSI-FAIR in Darmstadt to further
optimize the design. This step was followed by cavity RF
design. The mechanical cavity design will begin in 2017,
while the quadrupole lenses are under production already.
In this paper, an overview of the cavities RF design with
integrated focusing triplets will be a main focus.

FAIR Proton Linac

The main accelerator section in the proton linac con-
sists of six room temperature “Crossbar H-type” CH —
cavities operated at 325 MHz. Figure 1 shows an over-
view of the proton linac from the RFQ exit down to the
end of the last CH cavity.

3IMeV

33 MeV

638 MeV

Rebl CCHI CCH2 CCH3 Reb2 CH4 CHS CH6

e ) T TR T B
T T ™ T T  p e

26 Beam axis (m)

| Xy - Steerer I\'acuum Valve I Quadrupole Triplet Dﬂeam Diagnostics Amplifier

Figure 1: An overview of the FAIR proton linac from the
RFQ exit down to the last CH cavity including the posi-
tions of the triplet quadrupoles, diagnostics and vacuum
elements.

The CH — cavities consist of two sections: the first one
is composed of three coupled CH - cavities (CCH1,
CCH2 and CCH3) that will accelerate the beam from 3.0
to 33 MeV. The second part will be the high energy sec-
tion-which consists of three lens-free CH — cavities. This
helps to simplify the mechanical design and to tune the
cavities besides reducing the total cost.

The main parameters of the CH — cavities are summa-
rized in Table 1.

All cavities have been designed in order to fulfill the
revised beam dynamics [1]. This includes the number of
gaps, voltage distribution, coupling cell lengths, addition-
al spaces for diagnostic and vacuum elements and the
total length.

The Coupled CH — Cavity CCH2

As an example for the cavity RF design, the final layout
of the second coupled cavity (CCH2) is presented here.
Figure 2 shows a 3D — view on the cavity.

#a.almomani@iap.uni—frankfurt.de
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Figure 2: A cross sectional view on the second coupled
CH - Cavity.

Table 1: Main Parameters of the FAIR Proton Linac CH -
Cavities at 75 mA operation.

Cavity |[L(M)| Pyt Zess Energy Gap
(MW) | (MQ/m)| (MeV) No.
CCH1 | 144 | 133 53.5 3.0-99 21
CCH2 | 256 | 1.87 53.2 99-211 27
CCH3 | 3.66 | 1.92 446 |21.1-33.0| 30
CH4 | 267 | 2.14 424 | 33.0-446 | 20
CH5 |3.02| 212 385 | 446-56.3 | 20
CH6 | 3.31| 2.06 36.7 | 56.3-68.0 | 20
Magnetic Quadrupole Triplets
Effective Length (mm): 2 units 38, 60, 38
10 units 52, 95, 52
Effective Gradients (T/m) 45 - 62
Aperture Diameter (mm) 30

The rf simulations have shown that an effective cou-
pling is achieved with this geometry as shown in Figure 3.

g;: i ‘FHMMMW
> 2 JCEHERRERERLVERVEYOYL

Beam Axis (m)
Figure 3: On axis electric field for the second coupled
cavity.

Similarly, the final layout for the cavities has almost
been finished and the results will be used as the basis for
the mechanical layout and cavity construction [1].
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Further progress was made in 2016 on in-house develop-
ing, engineering and testing for the demanding CR stochas-
tic cooling system in the frequency band 1-2 GHz.

Cryogenic pickup with plunging electrodes

The first metallised ceramic (Al;O3) electrode plates
have been delivered and tested (Fig. 1), confirming the de-
manding manufacturing concept. A redesign in-house is
now necessary so as to ease the mechanics and reduce the
cost of the series.

Figure 1: Prototype slotline electrode plate (signal side).

Progress was made towards an improved concept for the
critical plunging Ag/BeCu sheets (geometry, manufactur-
ing process). The pure BeCu sheets now sustain several
million cycles in the test. Intensive optimization of the
silver-plating procedure with the company is underway in
order to reach such reliability with the ~ 80 ym Ag layer
on the BeCu sheets.

Figure 2: In-house designed comparator electronics ensur-
ing the interlock function in case of over-acceleration of the
motor drive units.

DOI:10.15120/GR-2017-1

In the special chamber for testing motor drive units un-
der pre-vacuum conditions, at room temperature, one linear
motor drive unit with the dummy weight of the electrode
module was mounted and tested in all 3 possible orienta-
tions of movement i.e. horizontal, vertical upwards, ver-
tical downwards. In each case, appropriate springs have
thus been specified, the static forces have been measured
and benchmarked against theoretical calculations and the
corresponding real-time code for the module movement
was finalized. Special care is taken for machine protec-
tion and personnel safety (e.g. against mechanical crush-
ing): The signal from the accelerator sensor mounted on
the motor drive unit is fed into a specially designed com-
parator (Fig. 2). If the acceleration is beyond a specified
range, the comparator initiates an emergency function of
the servomechanism of the motors. The latter switches off
the electrical power of the motor unit within 4 ms.

RF signal processing components 1-2 GHz

W

lines:

RF beam signal
~——— RF diag signal

Figure 3: Block diagram and prototype RF PCB of the vari-
able phase shifter.

The in-house design of demanding RF components has
been continued: The pickup module controller and the ver-
satile power supply and control unit are under develop-
ment. The series of variable attenuators has been ordered.
A functioning prototype of the variable phase shifter is now
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available (Fig. 3). The measured data show that the critical
values: constant signal delay (1.818 ns 4= 7 ps), high phase
resolution (< 1°), minimal phase distortion (< £3.5°), flat
amplitude response and fast rampability (>10 kPoints/s)
are within acceptable limits. Therefore, the device is only
a small imperfection to the signal path.

The preseries unit (mw power 250 W in the 1-2 GHz
band, water cooled) of the ordered power amplifiers at the
kickers has been tested. The device demonstrates the de-
sign concept, nicely complies with the demanding RF prop-
erties and the full electrical specification (Fig. 4). However,
it is not reliable for long-time operation and not yet mature
for series production. Improvements are under way at the
manufacturer to meet these reliability goals. A new round
of factory and site acceptance tests is planned in 2017.
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Figure 4: SAT (Site Acceptance Test) of the prototype
power amplifier at GSI: test set-up and measured amplitude
and phase response compared with the specification.

Expected stochastic cooling performance

New simulations of the stochastic cooling performance
for the most demanding case of 108 antiprotons at 3 GeV
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in the CR have been performed taking into account the fi-
nalized lattice parameters and the realistic response of the
designed slotline electodes. Cooling in all 3 phase space
planes, with constant power gain of 150 dB in the longitudi-
nal plane (notch filter momentum cooling with the pickups
in sum mode) and constant power gain of 138 dB in both
transverse planes (horizontal and vertical betatron cooling
with the pickups in difference mode) has been studied, as-
suming no plunging of the pickup electrodes (Fig. 5). Al-
ready with the simple pessimistic assumption of constant
transverse gain and no pickup plunging, simultaneous cool-
ing in all 3 planes for 10 s leads to phase space quality close
to the design limits for the HESR downstream.

Plunging the pickup electrodes reduces the diffusion in
all 3 phase space planes from the beginning. The final
emittances and momentum spread are lower by a factor 2-3
compared to the non-plunging case.

Therefore, the demanding pbar momentum spread bud-
get between CR and HESR should be within reach by op-
timizing the interplay among the long. and transv. cool-
ing in the CR and the rebunching/debunching procedures
of the transfer. However, longitudinally there seems to be
no safety margin, the high power requirement remains.

45 T

4G 5,/p 1150 dB, Pmax=0.9 kW]
R T S e
) ¢ 138 dB, Pmax=0.5 kW
=~ .E... 30 - h ! o
S g sl L-.. ' ]
= £ € 1138 dB ,Pmax=0.48 kW
o & 20 v ] ! ]
o 215f
E o 1]
=
E 5[ =
0 |
0 2 4 6 8 10

t(s)
150,25, 5,75and 10 s

Y=dN/dE
=)
L]

N

TIT

1
-0,006 -0,004 -0,002 0,000 0,002 0,004 0,006

Ap/p

-

Figure 5: Reference case for stochastic cooling of 108 an-
tiprotons at 3 GeV in the CR with the conservative assump-
tion of no plunging. Four times (i.e. accounting for statisti-
cal beam signal fluctuations) the total maximum cw power
is just within the installed microwave power of 8 kW.

DOI:10.15120/GR-2017-1



GSI SCIENTIFIC REPORT 2016

FAIRPROJECT-HEBT-1

In-beam tests of the new secondary electron detector for FAIR*

P. Boutachkov', C. Dorn', P. Forck!, H. Graf', C. Miiller', H. J. Reeg', A. Reiter!, S. Schwarz!, and
B. Walasek-Hohne'
GSI, Darmstadt, Germany

The task of the Particle Detector Combination (PDC) de-
tectors is to measure the beam intensity of slowly extracted
ion beams. The complete range of possible beam intensi-
ties at FAIR cannot be covered by single detector type. At
GSI this task is accomplished by a combination of three de-
tectors, a plastic SCintillator (SC), an Ionization Chamber
(IC) and a Secondary Electron Monitor (SEM).

The GSI-SEM detector has an active area of 80x80 mm?2,
and is build from three 100 pum Al foils. For FAIR a larger
and thinner detector is required. The new FAIR-PDC-SEM
detector is shown in Fig. 1. The active area is a circle with a
diameter of 107 mm. It is built from three 24 y/m aluminum
foils mounted 5 mm apart on ceramic isolators. The foils
are shaped in order to remove mechanical vibrations. The
outer foils were positively biased, collecting the secondary
electrons knocked out by the ion beam. The central foil
was connected via a short cable to the current-to-frequency
converter described in Ref. [1]. The presented study inves-
tigates the response of the new FAIR-PDC-SEM detector.

Electrons are excited during the passage of charged par-
ticles through matter. Some of these electrons will have
sufficient energy to migrate to the material surface and es-
cape. The SEM detector measures the amount of these sec-
ondary electrons under controlled conditions. The beam
current is calculated based on the measured secondary elec-
tron current and the experimentally determined secondary
electron yield for a single beam ion. The yield for relativis-
tic ions from thin foil is proportional to the energy lost in
the material, for Al foil it is in the order of 30 electrons
per MeV/(mg/em?) [2]. Tt depends on the foil material
and the surface condition. Assuming that the surface of the
foil is saturated with defects created during manufacturing,
shaping and cleaning, one expects similar yields for differ-
ent foils from the same material.

The secondary electron yield is experimentally deter-
mined by first calibrating the IC detector relative to the SC.
In a second measurement the SC detector is removed and
the beam current is increased. The SEM secondary electron
current is measured as a function of the beam intensity, de-
termined by the IC.

A comparison between the data obtained in this work
and the measurements by P. Forck et al. [2] is shown in
Fig. 2. The derived secondary electron yields agree for the
measurements performed with C, Xe and U beams.

In summary, secondary electron yields from different Al
foils were compared. The data supports the idea that sur-

*1t is pleasure to acknowledge the members of the GSI operating team
for their support during the experiments.
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Figure 1: A photograph of the FAIR-PDC-SEM detector.
The rings holding the Al foils have an inner diameter of
107 mm.
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Figure 2: Secondary electron yields, measured with C, Xe
and U. Filled-Rhombus: Data from the new FAIR-PDC-
SEM, obtained at 300 MeV/u. Open-circles: Data from
the GSI-SEM, Ref. [2], obtained at energies between 270
MeV/u and 1095 MeV/u.

faces saturated with defects have similar secondary elec-
tron yields.
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Introduction

To achieve the aimed operating pressure (10 mbar),
the pressure profiles of the HEBT (High Energy Beam
Transport) beam lines for the FAIR project have been
simulated. The simulation of pressure profiles are used to
optimise the amount and specifications of the required
pumps at specific locations along the beam lines. This
report only presents the T1S beam line of the HEBT sys-
tem. T1S beam line consists of 4 consecutive beam line
sections, i.e. T1S1, T1S2, T1S3, and T1S4. T1S1 is the
first incoming beam line to the HEBT system from exist-
ing synchrotron SIS18 (after TE1 section), whereas, T1S4
beam line section is an injection beam line from HEBT to
a new built synchrotron SI1S100.

Pressure Profile Simulations

The pressure profile reported in this work was calculat-
ed based on an analytical model [1]. Figure 1 shows a
comparison of pressure profiles of T1S beam line calcu-
lated using different nominal pumping speeds (200, 400,
and 800 I/s). As shown in Figure 1, there is no significant
difference in pressure profiles for different nominal
pumping speeds. This demonstrates that the constraint in
the pump optimisation for the HEBT system is conduct-
ance limited. Since the chambers are conductance lim-
ited, adding more pumps with different pumping speed at
more positions may be one of the alternatives to improve
the pressure profile distribution. The addition of more
pumps, however, is sometimes restrained by the available
space. Some beam lines are mostly occupied by quadru-
pole, dipole, and steerer magnets.
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Figure 1: Pressure profiles for T1S beam line for CO
based conductance. The numbers in sequence show posi-
tions for vacuum pumps.

Figure 2 shows pressure profiles for T1S beam line cal-

culated based on CO conductance, with a combination of
various pumping speeds and additional pumps at some
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locations at the beam line. The 200 I/s pumps were used
as additional pumps, which were located in the middle of
long straight chambers. The additional pumps of 400 I/s
and 800 I/s were also introduced at the end of the T1S4
section that is connected to the synchrotron SIS100. As
shown in Figure 2, the pressure profile distribution im-
proved slightly with the use of additional pumps. The
improvement was more pronounced at the end of T1S4
section, where the bakeable parts that are connected to the
synchrotron SIS100 can now achieve the required pres-
sure range of approximately 10™* mbar.

1E-7 ¢ T151 - = T152 -— T153 - TI54 =]
III:' . 14 .._I | \/ '_
I %) 7l 2 [ ! i
1E84 ' 3, o NP2 LS [ .:"? s )
2 5grre 2] 2
— i
[ 4 L}
g 26,
E R
= 1E-94 A4 |
@ 3 1
5 ] il
@ P
52_ bakeable parrs: :
1E-10 o i
i
T1S €O 400 s i
T15 CO mix 200, 400 & BOO I's, more pumps | ‘?,
a2z
1E-11

T T
0 100 200
Distance (m)

Figure 2: Pressure profiles for T1S beam line for CO
based conductance with additional pumps. The numbers
in sequence show positions for vacuum pumps. The posi-
tions of extra pumps are not all numbered.

The pressure profile presented in this work is only a
guideline to estimate the specification and the amount of
vacuum pumps needed for the HEBT vacuum system.
There are many other factors that are not considered in
the calculation, such as the use of partial pressure in the
calculation, gas dependence for nominal pumping speed,
dynamic gas loads in the system and the ‘beam effect’ on
the chamber materials that may affect the desorption yield
and conductance.

Note:

e The simulation in this work was based on the beam
line from CATIA® drawing for HEBT in 2014.
Based on this calculation, the pump distributions
for some of the HEBT beam lines have been slight-
ly changed, in order to reach a better operating
pressure.

o  Part of this work has been published in [2].
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In the FAIR High Energy Beam Transport (HEBT) lines
scintillation counting detectors will be used to measure the
absolute beam intensity and spill structure as a function of
time. The measurements will be performed with an organic
plastic sintilator inserted into the path of the ion beam. The
same type of detectors are used at GSI, see Reference [1]
for further details. Due to radiation damage, the routinely
used scitillators are exchanged yearly. The presented study
was started in order to find a radiation hard scintillation ma-
terial to be used in the HEBT particle counters. We investi-
gated the response to heavy ions and the radiation hardness
of ZnO:Ga and ZnO:In ceramic scintillators. The samples
are described in Reference [2].

A photograph of the experimental setup is shown in Fig-
ure 1. The heavy ion beam from SIS-18 comes from the
right. It is collimated to a spot with a diameter of 5 mm by
the Aluminum collimator, indicated as COL in the picture.
An ionization chamber (IC) is used to determine the dose
deposited by the beam into the studied samples. The sam-
ples are inserted into the beam with a remotely controlled
manipulator, indicated as SCI. A photo-multiplier (PMT)
detected the scintillation light.

Figure 1: A photograph of the experimental setup. See the
text for details.

The response to 300 MeV/u 23%U ions of 1 mm thick
BC400 plastic scintillator and 0.4 mm thick ZnO:Ga and
ZnO:In ceramics is shown in Figure 2. The measurement
demonstrates that the fall times of the different scintillating
materials is similar. In contrast, the light yield of the ZnO
ceramics was about 2 times lower compared to the one of
the BC400 scintilator. Hence, in terms of counting capabil-
ity the ZnO ceramics can be used as a replacement of the

*1t is pleasure to acknowledge the members of the GSI operating team
for their support during the experiments.

DOI:10.15120/GR-2017-1

plastic scintilators as the lower light yield can be compen-
sated by a higher PMT gain.

The radiation hardness of the ZnO samples was studied
with 300 MeV/u U, Xe beams. The ions punched through
the material. The preliminary data analysis showed that
the ZnO:In and ZnO:Ga generate usable signals for particle
counting at 1000 higher integral particle number than the
number of particles sufficient to damage a BC400 plastic
scintillator.
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Figure 2: Comparison of the rise and fall times of the
studied materials. The signals are scaled to 1V. Red line:
BC400 signal. Blue-dotted: ZnO:Ga signal. Black-circles:
ZnO:In signal.

In summary, ZnO:In and ZnO:Ga are promising substi-
tutes of the plastic scintilators used in the HEBT particle
counting detectors. Further investigations of these promis-
ing materials and the construction of large size detectors
for heavy ions are planned.
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