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Improving the performance of PHENIX muon tracking chamber

Kentaro Watanabe

Supervisor Jiro Murata

W= Boson Production in Polarized p + p Collisions at PHENIX

PHENIX is one of the experiments which use Relativistic Heavy Ion Collider(RHIC) at Brookhaven National
Laboratory. RHIC can accelerate both various ionized nuclei, proton to gold and polarized protons. One of the
physics goals of the PHENIX experiment is a measurement of spin structure in nucleon. Proton has spin 1/2. The
fraction of proton spin arising from its three valence quarks is small, about 20% to 30%. This has been well
studied in deep inelastic scattering(DIS) experiments [1]. Polarized proton-proton collision is a new tool to
measure proton spin structure. In particular, the production of W couples only left-handed quarks and
right-handed antiquarks, so asymmetry of the W yield from a measurement flipping the helicity of polarized beam
proton is sensitive to flavor dependence of Aq and Aq. Production of the W occurs at a scale where higher order
QCD corrections can be evaluated reliably, and it is free from uncertainties in fragmentation functions by
detecting leptons from W decay [2]. The PHENIX detector consists of two central arms and two muon arms. The
central arm is the detector to measure electrons, photons and hadrons. The muon arm is a detector to measure
muons. It is composed of muon magnet, muon tracker(MuTr), and muon identifier(MulD). The muon tracker is
placed in the muon magnet. It has three layers of cathode-strip-readout tracking chambers. These layers are called
as stations. MuTr plays a key role to detect high momentum muons decayed from W-boson and identify from
huge hadronic QCD backgrounds. Naively the momentum resolution of MuTr should be limited by the intrinsic
position resolution of the chambers (~100um) and multiple scattering. However, we have never achieve what is
expected from these designed values. Here I will address two possible causes: 1) cross talk between readout

cathode strips, 2) relative miss-alignment between three tracking stations.

Development Restoring Capacitor Clamp Board

The Restoring Capacitor Clamp board (hereafter referred to as the ReCap Board) was developed to improve
existing anode circuit cards of the PHENIX muon cathode strip chambers. Originally, the anode cards were
equipped with surface mounted capacitors which were later removed, because moisture was trapped in tiny space
between them and the anode cards, and caused frequent high voltage trips. As an another side effect of missing
capacitors, the relevant path to the ground for the negative charge generated in anode wire was lost. As a
consequence, the charge finds relatively easy path to escape in adjacent strips which share same anode wire. This
phenomenon called cross talk. Because cross talk signal interfere with real signal, it will create the unexpected
high hit-multiplicity and reduced the position resolution of the tracker. For this reason, we have developed the

recapacitation (ReCap) board with non-surface type capacitors to be used in lieu of the original capacitors, which



guide the anode charge to the proper ground. New cramps have been installed about 60% of MuTr acceptance. The

impact on MuTr performance under engineering constraints will be discussed.

Fig.1. The three components of the ReCap board. Fig.2. The condition of the anode card without capacitors.

Alignment precision for the PHENIX muon tracking chamber

The optical alignment system (OASys) of MuTr chambers pointed out the relative position of three tracking
stations move as much as 50 to 300 um within a coupe of months of running period[ref to Ikeda’s thesis] perhaps
due to the temperature, on/off switch of the magnetic field and some other cause. However this observation has
never been verified neither quantitatively nor qualitatively. In order to verify it, I investigated another independent
measurement using residuals of tracks in the zero magnetic field. This residual is defined as the difference
between the linear extrapolation to station-3 from station-2 and 1 hit positions and the actual hit point of station 3.
The residual will be distributed around zero if the relative alignment between the each stations is accurate. The

correlation between two independent alignment measurements will be discussed.

Fig.3. Chamber movement by OASys Fig.4. The residual ( sagitta ) in Zero magnetic field.

References

[1] B. Adeva et al., Phys. Lett. B420, 180 (1998).

[2] D. de Florian and W. Vogelsang, Phys. Rev. D81, 094020 (2010).

[3]1 K. Adcox et al., Nucl. Instrum. Meth. A499, 469 (2003).

[4] Yuki Ikeda, Miss-alignment Study of Muon Tracking Chamber using OASys in PHENIX, Rikkyo (2009)



TRIUMF-MTV EEBRD X1k H 55 CDC D AD Trigger/DAQ & FPGA Y X T L DRHFE
Development of new FPGA-based Trigger/DAQ system for next—generation CDC
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The relation of redshift and angular diameter distance on the Dyer-Roeder approximation in

the universe with dark energy
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A study on the atomspheric structure in the cloud-top altitude region of Venus
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Development of ISOL for SCRIT experiment
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Fig. 4: Cathode dependence
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Optimization of Luminosity in the SCRIT Electron Scattering Experiment
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Short Range Gravity Experiment
using Global Fitting Method in digital image analysis
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Development of total energy detector using LaBrs(Ce) scintillator and photodiode array
for PID in heavy-ion experiments
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Development of an X-ray Interferometer for Astronomical Observations
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Are Reissner-Nordstrom Black Holes particle Accelerators to Infinite Collision
Energy?
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An Observational Study of Orbital Modulation of X-rays from Cygnus X-3 with Suzaku
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Suzaku Observation of Cyg X-1: Study of the Absorption Dips
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XISO + XIS1 + XIS3 (Bin time: 8 5)
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Fig 2: Light Curve
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Figl. picture of x—ray generator Fig2. simulation of electron orbit without MCP

Fig3. pattern diagram of x—ray generator with MCP Fig4. simulation of electron orbit with MCP
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Gaugino Condensation
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