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TARGET MONITORING SYSTEM FOR HERA-B EXPERIMENT.
MULTI-TARGET OPERATION
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By using developed Target Monitoring System (TMS) the multiple wire mode operation has been
investigated for four and eight targets. The HERA-B internal target consists out of eight target ribbons
arranged around the beam. Each target can be moved in radial direction independently in sub-micron steps
allowing to compensate relative beam shifts and to steer for the desired interaction rate. The experimental
constraints require a stable interaction rate equally distributed over all inserted targets. The actual
equalisation is based on a measurement of charge originated from the beam-target interaction. The TMS
automatically controls a total interaction rate (IR) and performs an equal sharing among target wires by
moving the target with respect to the beam. The system shows a good linearity with the interaction rate and
allows a reasonable distribution of the interaction rate among several wires. To cross check the performance
of the multiple wire mode steering the reconstructed tracks and primary vertices in the silicon vertex detector
have been used.

Introduction

HERA-B is a fixed target experiment [1] with the primary goal to study CP violation in the
decays of B-mesons [2] into the “gold plated” mode B® — J/y + K’ (Fig. 1) The B-mesons are
produced in interactions of the 920 GeV protons of the HERA storage ring with an internal target
operating in the beam halo close to the beam core at typical distances of a few beam sigma. Due to
the small cross section for b-quark production, small branching ratios and limited detector
efficiency an interaction rate of 40 MHz is required to achieve a significant CP violation signal
within one year of data taking.

The HERA-B target is placed inside
the vertex detector vessel (Fig. 2). Each
target wire can be moved in radial direction

Signal B
independently in sub-micron steps allowing
9 {f\ o to compensate relative beam shifts and to
20 Gy ‘i "

\ i steer for the desired interaction rate. The
Target lepton tag (P0.17) J N .

K- experimental constraints require a stable
- %G@'“’w‘m“ interaction rate equally distributed over all
Tagging B o inserted targets at progressively or
occasionally varying parameters of the
proton beam. Several suggestions have been
discussed and tested to provide a feedback
for the multiple wire mode steering. The
Target Monitoring System (TMS) was developed in Kiev for a control of the total interaction rate
(IR) and performs an equal sharing among target wires by moving the targets with respect to the
beam. The actual system is mainly based on a measurement of charge, which is created in the target
ribbons. The intentions of the present paper are to test the linearity with the interaction rate and
obtain a reasonable distribution of the interaction rate among several wires. One used reconstructed
tracks in the silicon vertex detector to cross check the performance of the multiple wire modes
steering.

Fig. 1. The “gold plated” mode of B-mesons decay
B® - Jiy +K's.
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Fig. 2. Schematic view of HERA-B detector. SVD - silicon vertex detector tank. RICH — ring
imaging Cherenkov detector. Targets are placed inside of SVD vessel.

Target Set-up and operation

The interna] HERA-B target consists out of eight target ribbons arranged around the beam
(Fig. 3) with a typical dimension of 500 pm along the beam axis and 50 um in radial direction. This
configuration has the advantage that it is mechanically simple and stable, easy to operate and that
the various interactions per bunch crossing (4 — 5 typically) are separated among well-localised
main vertices on different wires.

Aboved Al HERA-B target is able to provide a stable

interaction rate up to 40 MHz and even more during
several hours of operation time. At 40 MHz the
wires are very close to the beam: up to 4c with a
typical o ~ 400 um. At this distance the interaction
rate is very sensitive to the beam movements and the
wires must react very quickly on any critical
situation. As a damage to the p-beam would affect
not only the operation of HERA-B, but also the
operation of all experiments at the HERA-ring the
920 GeV operation of the target has to be extremely reliable.
For this purpose the step-motors drive targets in
automatically chosen steps (minimum 0.1 pm) under
dynamically varying proton beam features (intensity,
position, collimator setting, etc.). Under the nominal operation conditions movement of any target
by 10 pum leads to the IR variation by factor of two.

Below2 W

Below 1

Fig. 3. The position of target ribbons in the
beam halo.

Target Monitoring System

The main task for the Target Monitoring System is to monitor target-beam interactions and
to provide data to the steering code for an equal distribution of the Interaction Rate (IR) over all 8
inserted targets while the absolute rate is fixed by the scintillation counters (hodoscopes)
information.

TMS is supposed to run 107 s/year continuously, in a secure and reliable way. TMS steers
targets every 0.1 s in accordance with the feedback data from scintillating hodoscopes (overall IR
and charge integrators (CI) connected to each single target (partial contribution into the IR) [3]. One
important part of the TMS are the Charge Integrators (CI). The beam-target-interaction born current
(secondary-electrons are leaving the target) produces in the CI a frequency at the rate of 10 — 30 Hz
per Interaction Rate of 1 MHz. To measure this current each target ribbon is mounted electrically
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isolated and connected from the ultra high vacuum of the storage ring to a dedicated electronics,
which was developed for that purpose. The Si-telescopes installed close to each target ribbons are

also used for TMS [4].
Fig. 4 shows the vertexes distribution over the four targets and Fig. 5 illustrates the

distribution of the Interaction Rate over the 8 targets provided by CI. TMS shows (Fig. 6) a perfect
agreement between Charge Integrators measurements (the lower histograms) and hodoscopes (the
upper histogram) data.
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Fig. 5. Interaction rate distribution over the 8
targets provided by the CI. Individual
contribution by every target is shown by
different style of hatched histograms.

Fig. 4. Four targets operated in the beam-halo
simultaneously. Vertices reconstructed by the SVD
at 40 MHz. Solid line indicates range of expected
target positions. Interaction Rate 40 MHz.
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Fig. 6. Upper part of figure: the time dependence of IR hodoscope data. Lower part: the individual IR
for Innerl, Belowl, Abovel and Quter2 targets (lowest histograms) reconstructed from CI output
frequencies. The sum of these individual IRs is shown my markers “+”.
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In order to keep the interaction rate constant both targets are moving towards to the beam
core with time (Fig. 7). The sensitivity of an individual wire to the interaction rate production is

approximately a factor of 2 per 10 um movement.
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Fig. 7. The interaction rate (IR) and the distances to the beam core versus time for Abovel and Below]
target ribbons. The wire is moving in radial direction to the proton beam core.

The automatic Target Monitoring System is faster and more accurate than any human
control. To achieve a nearly continuous operation of 107 sec/year the target steering has to be very
secure, reliable, fast and easy to be operated. The main part of the TMS contains the automatic
routines for controlling the wires without help of the user side. Every 0.1 s the interaction rates are
read out, the decision if wires have to be moved is made and executed.

Vertex Detector Reconstruction

Nevertheless, the most relevant data about the performance of the target set-up emerge from
HERA-B sub-detectors. Silicon Vertex Detector (SVD) data (reconstructed tracks and vertices) are
used for the target alignment as well as for the evaluation of the beam-halo profile. SVD allows also
controlling the contributions of each target separately. Per time interval equal number of tracks are
shared by different wires. 4

The vertex distribution along the wire gives an important information about the beam and
beam-halo shape. Fig. 8 shows the distribution of the vertices over 7 targets. Number of vertices at
cach target is in a good agreement with the IR distribution provided by the CI. It is possible to
calculate the absolute beam and target positions using SVD reconstructed tracks information.

Number of SVD-tracks per one MHz interaction rate are in agreement with the hodoscopes
measurements. This kind of SVD-data could be used on-line at the Second or Third Level Trigger
[1] in order to equalize the number of tracks per wire.

Conclusions
Since 3 years now HERA-B Target Monitoring System is in continuous operation. The
multi-target operation was successful. The set-up including the steering works very reliable.

Interaction rate is almost equally shared among eight target wires. The charge integrator
measurements are in a very good agreement with the hodoscopes. Developed Target Monitoring
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System appear to be a powerful tool for the interaction rate monitoring and target steering for
different experiments with fixed target at storage rings.

-
-5 Z {(cm)

Fig. 8. Vertices distributed over all 7 inserted targets seen by the SVD.
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CHCTEMA MOHITOPYBAHHSI MIIIEHI B EKCIIEPUMEHTI HERA-B.
YIIPABJIIHHSI BATATBMA MIHIEHAMHA

B. €. Aymes, K. Eper, M. ®ynxe, C. Iccesep, B. O. Kusa, 10. M. Ilasaenko, B. M. Ilyra,
[I. Mnparre, M. Cimanna, M. M, Txau, FO. O. Bacunner, [I. Berenep

Jlocnimkypanach paboTa BOCBMH MillleHeH y pexuMi OJHOYACHOI POOOTH, BHKOPHCTOBYIOYH
po3pobieHy cucTeMy MoHiTopyBaHHs MiteHi. Buytpina HERA-B wmiweHb cknagactscss 3 BOCEMH
MIIIEHHMX CTPiYOK, BCTAHOBJIEHHX HABKOJO Myuka. Koxna MillleHb MOXE HE3QIeXHO pyXaTHCh ¥
pafianbHOMY HATIPAMKY 3 CYOMIKPOHHHM KPOKOM, LIOO KOMNEHCYBAaTH POCTOPOBY HecTaliNbHICTh ITyyKa 3
METOI THATPUMKHM OakaHo! 4acToTH B3aEMOAI. YMOBOIO TMPOBEACHHA CKCIEPHMEHTY € cTabinbHicTh
yacTOTH B3aEMOLIT Ta i piBHOMIpHMIT posnoain cepea ycix BeeseHux Milnenel. Lle 3abezneuyeThes HUISHXOM
BUMIPIOBAHHS 3apsiiy, 100 TeHEPYETHCS TP B3aeMomil myuka 3 MilleHamd. CTBOpEHa cucTeMa MoKasye
Xopolly AiHifiHICTE 3 YacTOTOKW B3aeMOAil # A03BONsE 3milCHIOBATH NPUHHATHMH 1 pO3MOIIT cepen
AeKinpkox MiweHed. JUist mepesipkd (GpyHKLIOHYBAHHA CHCTEMH YMpPaBJiHHA MIilIEHAMM HA OCHOBI JaHMX
BEpLIMHHOTIO IETEKTOPA MPOBEAEHO PEKOHCTPYIOBAHHA TPEKIB T4 NIOHATKOBUX BEPILMH.
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CUCTEMA MOHHTOPUPOBAHWSI MUIIEHHW B DKCHEPUMEHTE HERA-B.
VIIPABJEHUE MHOI'YIMH MMWIHEHSAMNA

B. E. Aymes, K. Eper, M. ®yuke, C. Hccesep, B. A. Knga, IO. H. llasnenxo, B. M. Ilyrauy,
1. [laparre, M. Cumanna, H. M. Tkau, FO. O. Bacunner, /1. Berenep

Wccnenopanach paGoTa BOCBMH MMIIEHEH B POKHME OJHOBPEMEHHOH pabOThI, HCTIONL3YS
pa3paboTanHyIO CHCTEMY MOHHTOPHPOBAHHMA MMLICHW. BHyTpeHHss HERA-B MuilleHb COCTOHT M3 BOCBEMH
MHINEHHBIX T0/10C, YCTAHOBAEHHBIX BOKpPYP My4ka. Kaxaas MHIIEHb MOMET HE3aBUCHMO ABMIAThCHd B
PajMaIbHOM HANDABNEHHH C CYOMMKPOHHBIM LUAroM, 4TOGBI KOMIEHCHPOBATH MPOCTPAHCTBEHHYIO
HECTAOW/IBHOCTD MyYKa C LE/IbIO NOANEPKKY TpebyeMofi 4acTOThl B3aMO/ICHCTBHUS. CrabuneHOCTH YaCTOTHI
B3AMMOJEHCTBMS M €€ PaBHOMEpPHOE pAacIipefielieHne MEXy BCeMH BBEICHHBIMH MMILCHAMH ABJIACTCA
OOHMM W3 YCTOBMil NpOBENEHMs OSKCTepuMeHTa, DTO obecrednBaeTcs MyTeM HM3MEpeHHA 3apAaia,
reHepHpyeMOro NpH B3auMOeHCTBNM Mydka ¢ muweHAvMd. Cospannas CHCTEMa [OKa3blBACT XOPOLIYIO
AHMHEHHOCTh ¢ YACTOTOW B3AHMOJAEHCTBHMSA U [TO3BOASET OCYLUECTBAATE TPUEMIIEMOE €€ PAaCTpeacicHUC
MEXY HECKOJIBKMMM MHULIeHsMU. JIns KOHTPONS (hyHKIMOHUPOBAHMSA CHCTEMBI YIIPABICHHS MULICHAMY HA
OCHOBE IaHHBIX BEPLIMHHOIO AeTeKTOpa NPOBEEHa PEKOHCTPYKIIMA TPEKOB M HaAILHBIX BEPUIHH.

61



