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The ESR storage ring was operated for physics experi-
ments aswell as for FAIR-rel ated machine development.

Internal target experiments included tests of the FO-
CAL detector and the electron spectrometer. The series of
laser cooling experiments was continued successfully, and
beams were decelerated for HITRAP.

An experiment on dielectronic recombination (DR)
aimed at comparing DR spectra in both ground and iso-
meric states of 23°U%*. An amost pure isomeric state
was popul ated through the 3~ decay of 235Pa® ", Thelat-
ter was identified among other fragmentation products by
Schottky spectroscopy, and apure 235Pa88+ beam was pro-
duced by appropriate scraping.

A completely new type of experiments was launched in
autumn 2012 with the advent of the first nuclear reaction
experiments at the internal gas jet target. In particular, a
sufficiently intense secondary 56Ni?** from the fragment
separator was accumul ated before being used by the exper-
iment. This experiment is covered in a separate contribu-
tion to thisreport [1].

Another nuclear reaction experiment aimed at the mea-
surement of the 2°Ne!%" (p,d) reaction. This experiment
was successfully performed in autumn 2012.

The ESR internal target was run with different types of
gases. Hydrogen operation was remarkably reliable, for
the first time a helium cluster jet was successfully used for
experiments with a density of almost 6 - 10'2 ecm 2.

An obstacleimpeding beam transport into the inner parts
of the ESR aperture without dedicated vertical bumps [2]
has been identified by now. All stochastic cooling pickup
and kicker stations are equipped with resistively coated ce-
ramic cylinders in order to supress undesired higher mi-
crowave modes in the beam chamber. Due to mechani-
cal problemswhich are not yet understood completely, one
such cylinder had fallen down into the beam aperture, lead-
ing to severe practical problems in beam handling. This
obstaclewill be removed before the autumn 2013 beam pe-
riod.

The machine experiments focused on comparative stud-
ies of the different longitudinal stochastic cooling systems.
These experiment made use of the newly developed optical
notch filter [3]. Herethe ESR isan important test bench for
components of the FAIR project, asasimilar devicewill be
installed at the CR of FAIR.

Three different longitudinal stochastic cooling methods
are available at the ESR: Palmer cooling, time of flight
(TOF) cooling, and notch filter cooling (see [4]). All of
these are aso planned to be applied at the CR. The com-
ponents of the optical notch filter worked reliably. The
prescise setting of the notch frequencies by changing the
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position of an optical mirror was a necessary prerequisite
for the low momentum width equilibria achieved. The
same is true for the optical attenuator settings. First pre-
liminary tests in April confirmed quantitatively the expec-
tation that the momentum acceptance of notch filter cool-
ing is smaller than for TOF or Palmer cooling [5]. Another
series of measurements were performed in October with a
400 MeV 58Ni*®T beam in order to determine optimum
cooling times. The measurements were made with a beam
of 6 - 108 particles. The second moment of the momentum
distribution o (t) was evaluated and fitted with an exponen-
tial decay towards an equilibrium as amodel:

a(t) = (00 — 0co) €xp(—t/7T) + 0o

A preliminary evaluation of the data confirms the expec-
tation that the equilibrium value for notch filter cooling
(000 = 2.47 - 1075) is much lower than for TOF cooling
(0o = 4.33-1075). Also the cooling time for notch filter
cooling (7 = 0.18 s) is much shorter than for TOF cooling
(7 = 4.33 s). Thelatter is mainly due to the much larger
amplification (22 dB higher!) which is affordable in the
case of notch filter cooling. Thisis due to the well-known
fact that notch filtering reduces largely the random noise
in the vicinity of the revolution frequency. It is planned to
provide a fast switching from TOF cooling (with its large
momentum acceptance in the beginning of the cooling pro-
cess) to final notchfilter cooling in order to profit from both
schemes in an optimized fashion..

During the shutdown period in 2013 the high voltage
power supply of the electron cooler will be repaired, as the
high voltage was | ess stable than usual from time to time.

It is planned to establish a new model for the supply of
data to the quadrupole magnet power supplies during de-
celeration, because it has turned out that there are devia-
tions between the set values and the measured values of
both tunes, particularly during deceleration. A more flex-
ible programming of the rf voltage and frequency ramps
during deceleration is under work, as well.
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