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An important part of the fB setup will be the tracking  During the beam tests two different read-out systems
system which allows the identification of mass and atomibave been tested: A prototype of a new multichannel elec-
number of the incoming beams as well as of the outgoingonic card TAMEX [2] combined with the LAND front-
beam-like fragments and the emitted protons. Also, precisad [3] and a general purpose Pre-Amplifier-Discriminator
information on the momentum of the detected particles iBADI [5] combined with a VFTX module [6]. The PADI
required. The main design goals of the tracking system argystem measures the time-over-threshold of the photomul-
Measurement of the nuclear charge and mass with a regiglier signals whereas the TAMEX electronics utilizes in
lution allowing separation of neighboring nuclei up to theaddition a charge-to-time converter in order to determine
Pb region; Total momentum measurement with a relativine charge of the signal. Both systems have been devel-
resolution ofA P/ P<2x10~3 (¢); Operation in a high-rate oped by the GSI EE group.
mode (up to 1 MHz) and in a multi-hit mode with large Furthermore, the influence of different wrapping materi-
acceptance; Detection efficiency of the combined systeais on the light transport in the scintillators were tested.
should exceed 8%. These goals will be accomplished by
using a series of detectors, see [1], placed before and after Time resolution
the large acceptance dipole magnet GLAD. Silicon detec-

tors for energy-loss and position measurement, thin jglasti As dlscussed_ in Refs. [4, 7] in order to ”?atCh the mo-
scintillator fiber detectors for position measurementst famentum resolution of other parts of the tracking system the
éelative time-of-flight resolution of the ToF wall should be

scintillator detectors for timing and energy-loss measur . . ;
d g9y gound2 - 10~ for nuclei in the lead region which trans-

ments (ToF wall), and large-area straw-tube gas detect(ﬁ . . ) fb h 6 h
for evaporated protons flying at forward angles through th t%s :)nto atime pre((:;shlon OF etlte;]t an 1| _p$f(ort N h
spectrometer into the proton arm. Several prototypes of | beam measured here. For lighter nuclei of course the

the tracking detectors have been tested during the S438 éﬁguirerr?e_nts on the ToF res_oluti_on are n_ot that strong; e.g.
periment in 2014 using stable beams*®Ki and *5Ca at for the°°Ni beam measured in this experiment a ToF reso-

500 AMeV. Especially valuable was also the SOFIA ex-IUtion of 37 ps is sufficient.

periment with FRS settings fdf" Tl and 1°*Bi at ~ 700
AMeV which could be used in a parasitic manner and al-

Beam o;/ps o /ps

: , BCa 52 18
lowed us to test the detector properties for heavy nuclei. 55N n 14
In this report the main results of the Time-of-Flight 194Bli 22 8

(ToF) wall will be presented. A prototype of the new ToF

\t/)varllllvxéashpolsitioned about 133,1 dlownstream of the targﬁfable 1: Time resolution measured with the ToF wall proto-
ehind t € arge-acceptance Ipoie f,“ag"‘et ALAD”,\I' T pe (PADI electronics) between individual paddles (mid-
ToF wall is based on a fast plastic scintillator material angj,, column) and the expected time resolution for the full

the active part W'I.I cover an area of 120)(80@," the final . detector (last column) for different incoming projectiles
stage. It will consist of 4 planes, each containing 44 vattic

scintillator paddles with a thickness of 5 mm. The scintilla
tors are read .OUt by photomultipliers on both far gnds. Th the detector was determined by the measurement of the
prototype which was used for the tGSt.S was equipped wij e difference between two successive scintillator pasid|
only 6 paddles per plane. I,n all e>'<per|ments we have be?v’hich were hit by the same beam particle. Tabt®ntains
ablt_e not only to measure incoming be_ams bu_t also the_: n overview of the measured time resolution and, based on
residues cre_ated n react_|ons of incoming particles at d hese values, the expected performance for the full detecto
fere_nt mater_|als S|tue_1ted n _front of the d_etector p_rotetyp with 4 planes. It can be seen that the expected time resolu-
Beside the time-of-flight, this detector gives also Imco'fnﬂ"”"[ion in all cases is well below the values needed to separate

tion on the nuclear charge of the outgoing particles. neighboring masses even for nuclei in the lead region.
In [4] we have reported on LED tests of the ToF wall pro- During the *Ni beam time the properties of the ToF

totype. Here, we will discuss results obtained with heavyg o ¢ouid be monitored for varying beam rates. Time and
ion beams in the above-mentioned beam times. nuclear-charge resolution have been measured at 5 differ-
*Work supported by FAIR@GSI PSP code:1.2.5.1.2.1. ent rates ranging from 5 kHz to 1 MHz. It could be demon-

In the present experiments, the intrinsic time resolution
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strated that the excellent performance can be maintainedThe performance of the detector was also checked at
even at very high beam rates up to 1 MHz (see Tahle  different beam rates witA®Ni ions and an excellent -
resolution around 0.Z-units (o) could be achieved for

Rate/kHz o;/ps o /ps rates up to 1 MHz.
5 41 14
59 41 14 Rate/kHz oz 0z/Z1%
375 45 16 5 0.19 0.68
1000 64 23 59 0.19 0.68
375 0.23 0.82
Table 2: Time resolution measured with the ToF wall pro- 1000 0.23 0.82

totype (PADI electronics) between individual paddles {sec
ond column) and the expected time resolution for the fullable 4: Nuclear-charge resolution measured with the ToF
detector (last column) for different counting rates in tke e wall prototype at different counting rates usitigNi beam.
periment with®®Ni beam.

Furthermore, we have tested the stability of the nuclear-
charge measurements at different rates. In experiments
where beam rates can change drastically it is mandatory
that the relative shift in the nuclear-charge measurements

In the present experiments, the time-over-threshold metgemains belowl% in order to avoid dependencies of the
surement of the photomultiplier signals was used to detepeak position in the energy spectrum on the counting rate.
mine the nuclear charge of the ions by energy-loss meBy choosing a photomultiplier voltage around 400 V, cor-
surements in the scintillator. In order to separate charge responding to signal amplitudes of about 60 mV, we have,
from Z —1 even for the most challenging heavy beams (e.gluring the>Ni experiment, reached very stable nuclear-
Pb) a nuclear-charge resolution®f /Z <1% is necessary. charge measurements with relative shiftsZnremaining
Table3 shows the measuréettresolution for the test beams below 1% also for the highest rates of 1 MHz. This was
and Fig. 1 shows a measured charge spectrum f6t*8i  only possible by using the new electronics read-out devel-

Nuclear-charge resolution

beam. oped by the GSI EE group.
Beam o0z o0z/Z1% Conclusions
BCa 0.15 0.75
58Nj 0.19 0.68 We have tested the properties of a prototype of the new
194Bj  0.34 0.41 ToF wall detector using several beams. We have shown that

even in case of nuclei in the lead region we can fulfill the
Table 3: Nuclear-charge resolution measured with the Todfesign goals concerning time-of-flight and nuclear-charge
wall prototype (PADI electronics) for different proje@d. resolution even at the highest counting rates of 1 MHz.

One can see that even f&t'Bi the resolution is good References
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Figure 1: Nuclear-charge spectrum obtained from energy-
loss measurements of two scintillator paddles for a FRS
setting around®*Bi. The main peak af=83 is suppressed
by cuts in order to see neighboring charges better.
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