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PHENIX is one of the experiments which use Relativistic Heavy Ion Collider(RHIC)
at Brookhaven National Laboratory. RHIC can accelerate both various ionized nu-
clei, 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 !% 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 7q and ?!. 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. MuTlr plays a key role to detect high momentum muons de-
cayed from W-boson and identify from huge hadronic QCD backgrounds. Naively the
momentum resolution of Mu'Tr 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



ii

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.

Alignment precision for the PHENIX muon tracking chamber. The optical align-
ment system (OASys) of MuTr chambers pointed out the relative position of three
tracking stations move as much as 50 to 300 ¢ m within a coupe of months of run-
ning period[ref to Tkeda’ 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.
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REME L7, BV s /v 54 [ Ldt =800ph~ !

1.0

F Rlll(';:ﬂ Vs = 500 GeV -
(L dr = 800 pb! "’
| L3
t —+ %\ 4
0.5k ¢ AL (W) i 4
QJ":" I Avidi ‘
b .\(4"“’] |
<] . I
0l 00 ®08 |
- {
5
& |
\el/d 1
0.5} AT,
| O*= My ’
GS9SLOA)
! BS({ Ag=0)
=1.0l M _—
2 1
0 10 3
: X

1.3 /s =500GeV, BV />4 [Ldt =
800pb~ ! TOMTHTEEICE L THFEINS
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1.4 PHENIX THEllE 42 W IZ X 2ETILOHIRETFE

SH. MBI 4500 (B, 550, BEEADH, wT)) TR Z>TwsEE
BT ¥7, ZNFNHEDE) %2 —OOHERFHASHHL 720 L v D,
O OMEE ORFEOETT, HET7A Y v a v L varoBELIZC o Fhi
TYPYEFIZ I DERZES> THEETVEEV->TH IR T Li), 1960 R, 74 v~
N= JLH I HI2L>T, Ol L BRRAD O —WRB@ENR LZET SN E L,
5T, MO F L FoT, XD NARMFEIESDLEDIT TRV OB LN



10 # 1% RHIC-PHENIX #EEilc &1 2 W K HIE

RS 1Ko T2 ERFEZET, MTORAEVORIFEZE SR IX. T
OWEZMBMAETH DN £3, MHEZEAENRS Z LI2X D, HARADMLHADRL IC
S22 >TfFSTL & I,

1.5 HAROBE., RUKBEXDHRN

DL ECibR7-, RHIC-PHENIX FE#Ic & 172 WK FHIZEIZ 2 0 1 14E X D ARREIIC
B Lo, L LEMRD Muon Arm D37 + —< ¥ A TlE W KT DA EDHEET
HLEDEEI Do TS, Zitd, Muon Arm DEREEZETH % 2 2 —F v DOiRi%
B9 % 72D Muon Tracker(MuTr) EMEENE A Y — FAH LEA N v 75 =
vN— (2B OERPRABEAHI N TR LHIGER T 2, DT, WHT
HIE A THARD MuTr 238 2 2 BRI DWW TR 5,

£9. 2D 1 21F MuTr ® Alignment FETH %, MuTr OFREHLEIFEE L 100um
BETH 208, FEEEIEZD 2~ EREL PRI TRy, ZOBIRTIE MuTr @
HE RS TR TE T, BRI 2 —F O 2 NEIC L Tw 5, fiL
B REEDSRRGT AR ICE L T WEHK O —2 & LT, EEPOIREZ(EICLD
MuTr OFZESEA TV EHEBZET 5N 5, Ll TOEBFICET 2 MuTr Df7E
DAV L T Alignment (ZB2>, ZDIEHELRET S A2 HSHETL A0,

ZLT, ) 1 2OMEIE MuTr DX MY v ZTHTHEL S 7B A =7 THb, I
FREGFD MuTr 7/ — FESBIERHICZ 797 T4 v 73N Tu i WHIERNT 5,
D70 AL=27I12& D MuTr DMESRIZE(L L, BHIZ MuTr Z WA Y A= R
TLADEHBENMET T LEEZLNTW S,

s, Ss OREZ IEMEICEE L UGS § 2 HI3FEBRZ Y S H 5 7 DI EAR R
THb, FMIZD24 M, ZoMuTr 282 T794 XA & Tuxb—7 ) [
BOYGEEICE O T, AL TiE, 2 OFM ERIRICOWTENS, 5 3ETIE, MuTr
D774 AV FIZBALT TMuTr OF = v 8N=7 L — LI (T & e e iir il
1IE2 27 & (OASys)s & TMuon Arm D% off ICL7REETD + 5 v 7 o547 2 T
$ % Zero Field Residual Analysis ;| &\»9) 2 DD L 2 FEIic & Y EpicE 1T 3%
MuTr DFZED AV 25l L7z, £7:45 % Tt bED© 2 H KD > 72 OASys D
F N —DEENT EREEICOVWTERT 5,

FHAFETIZ20 1 2807 —FRFICET T, 70 A b —7 2§ 5 720IChIFE L
7oiahnmlEs (ReCap board) IC2 W TR %, THEBEFD 7 / — F A — Ry % 7
TV T 47 RENET2H L WIEETH D AT B W T, Z DRFEERRE O 2
59 %, 2L TRREICERD 220D 2 L35 IOV TORREERE 2 72 L TEEDK
I CESBOMEL £ L7,



11

E2E
3

PHENIX = 2—7F V#&RHi35%;

| LI g

COETIFE TEE ¥ — 24 % 500GeV £ THE#$ 2 RHIC JHEEER IS D W TR
L7 kT, HlEICHw S N5l 4o PHENIX fEHids 2 3l L PHENIX I8 % wkz
FOMET EZBR 5, FI u b DOREICTEC BIFR T % & 2 — A vEildiE (Muon
Arm) ODRERIEFZTH 5 Fa VWIS (Nose Cone « Central Magnet) . S 2 —7% vk
R # (Muon ID), S 2 —2 YRR (Muon Tracker) MENZ, S 2 —74 V&
fi (Muon Magnet) 2 2WTIXFEL < FiHT %,

2.1 RHIC hESR

DIENE NN

LIS S U LAY

2.1 Ty 77 VENEHTO RHIC Iz
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RHIC fid#as (X 2.1) 3EE 3.8km o> v 7 u bu v jiEiicdh s, RHIC 32D
Rela- tivistic Heavy Ton Collider(FHRGRAVEE A A » 22 BUNIEER ) &\ ) AHid 6 b b
DPHEE DEIZANVX—DHEA A VA L2HEIETHELE 74— - TV —F v T
TR $5 2 L2 ERHNE L TREFSINLIEREFTH o7, TOIEY » 7
1T siberian snake & FEEN S 68 AR F-ERA %2 % E2E AT 5 Z £ T, RHIC
IR RELRZFILFE — 500GeV, il 2/ > 7 4 —2 X 10%%em™ 25~ 1 Dffilii
BG B ZRRINESR & L COB@T 2 2 L8 TE S,

RHIC pC Polarimeters

N
— o

RHIC ring

BRAHMS & PP2PP (p)

- ¢ Absolute Polarimeter (F jet)

~qpd ol D
Siberian Snake - Lo =2X107s em

70% Polarization

Js=50...500 GeV

2% 101 Pol. Protons / Bunch
£=2071 mmmrad

Partial Siberian Snake

BOOSTER

Pol. Proton Source
500 pA, 300 ps
“AG

200 MeV Polarimeter S Internal Polarimeter

“\Rf

Dipoles

2.2 7w 77 VENEATO RHIC M#EES

fRtifm 1 OMEzZ (X 4.3) IR d, FIHMARYEXZTICLVES iRk H- %
LINAC(H#UE#ESR) 12 & > T 200MeV % THIE Y 2, ZOREF2EEMWMOHETFLEL
THIBIEM D 77— A% —ICiEAT 5, 2D 7 =A% —IZ & ) RlRbs 1133 F#id
ZE DS 1.5GeV FTM#E I, I 51T Alternating Gradient Synchrotorn(AGS)
ISHEASNT 24GeV ITF TIN5, Z L TH/Y F1d RHIC Y ¥ 7D ) LIGE!
M H DY 7 (Blue Ring) & KIEHAID DV v 7" (Yellow Ring) IZIR D 7317 6541, 24
ZDY 7T 500GeV FTHHE SNpZ Lichsd, 2Dk mdf %2 TR
RHIC IR TIER21ICEEDD L) N7 4=V ADBR/O6NS, FICE—L7
0y 2 LIRS ARSI O 106ns(9.AMHz) (&, A28 0 & 17— & % | T
Wb T = Dt A LAEEE, KON Y A —FATHORERIC & > T, FERICEHEE R VT
A—=F =t b, T NoDREIEKICIZERICEHEY L 72 9.4MHz OG5 53 7 a v
JEL TSI NTEY, Zorzuy 72Mws Il LICk ) JREH R LT — 7 W)
AlREL 72 5,
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#2.1 RHIC INEOFER TR —F —,

parameter

RARELRL X — 500GeV

BEtVE v T4 — 2 X 1032em™ 257 1 (500GeV)
8 X 103tem™ 257 1 (200GeV)

V7oK 3.8km

VT LN FH 120

NV F Y DG TE 2 x 101

Ny FDORS 60~90cm

A i L 70%

7 0°

il 22 o [tk 106ns(9.4MHz)

2.2 PHENIX ##H28

PHENIX & RHIC /2 10> 8 WD ALEICFHT &7, E— A ERERFICERI NS
ALK T2 LA ODBHME AT LD 1 DTHhS, 20aEN%E (K23 ) I

NY,

2.3 PHENIX BHZR> 2 7 L DKM,

PHENIX (& TS5 2 R (ALl & i lIc 7B S % S 2 — A B & Muon
Arm([¥ 2.4) EHPEHIAIZALET % Central Arm 15971 5415, Muon Arm (3#7 &
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F4F4 21T, 115 < n < 244(North),— 2.25 < n < — 1.15(South) % ®\>,
Central Arm 13 | n | < 0.35 2% 9, Muon Arm (& b7 1272 Rl L 72 et g o A
7L THY ., Central Arm (ZFEIHET, B ~NFeyv (n, K. Br) 2B 570
DYATLTH S,

23 Ea—AVIRHZBREE  Muon Arm

W Y YOHEICE W TEELRZHZH) 2 2 —A VB&#E (Muon Arm) IO
TatHd %, Muon Arm 352 W7z A7 faxX—=2Th b, ukiFE#A (Muon
Magnet), whREMRHES (MuTr), pfiF@ilitias (MulD) 22 5K S T %,
. N 27TV FREDLDICN Fa Y IRIM2BEE W S5 1Tw%, Muon
Arm ($fH 22 5 2 NFRIZ AN AZIE T % North Arm & FEIIZAZE T % South Arm @4
A RPE7 2 DA — DR Z R 72 2 DD 5 %, North Arm (X South Arm
IZHRT 15 ERREERTH 5,

[I]]IP noseconeg
- -

|

South Arm North Arm
central magnet [ ]
_% MuTr
‘W M bbe /
:"__‘\.. —_— I
I —
) 7

2.4 Muon Arm DWIHIX,

23.1 NROYEYH* Nose Cone * Central Magnet

HRIZEDAELCZREDNFBVIZ W RAY YOMEIZB W TIRADNNY 7 757
F&Z %, Muon Arm IZABA N FR VY ZIFEEL u T DAZIKT 72512 Muon Arm D
JFIAHZIE W 292D Nose Cone, Central Magnet & FEIEILS 2 DD N F 1 v BRI 53
REINT 5, HEMTIHAEL K13 %7 NeosCone(#il), Central Magnet(#k) @
EZ12%, 246 ORIMIC X 2 RIBREIE~5 FEETI ORR T/ Fe vy oHix 1/100
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Lampshade -~

Central Magnet
Steel

Statlon2 —__|

Statlon 1 Statlon 2
Frame

2
o n
4 Y
e PR e
Cu Nosecone IEcie
4 R
jj\'~.*~|/ } Muon Magnet Piston 10°
i — sr
fffffffffffff i ST 25 5
u Inser i

Collislon

Point 1 Meter
2.5 Nosecone & Central Magnet DOLIERI R, 2.6 Muon Arm IZE I} 25N F o v RINH D4

44 (North),

2% 5%, 2.5, [X2.6 1% Nosecone, Centarl Magnet Z 12 NWOALERRZ R L 72, &
2.3.1 ILZNZENDOWINM OME L IEAZ T,

#22 NEFuYRIMOME LEAR,
North South
N RN | WE O BES cm ES cm
Nosecone Cu 20 20
Central Magnet | Fe 60 60

232 pRIFHEBIUREEE  Muon Identifying Chamber (MulD)

MulD % End Cap Z2&® 7 5 26 % 5T, 74V —F = v =L EoWT
1 EZERL TS, 5 EOF = N— FHEESITEN DS gapl,2,3.4,5 £ EET
W5, FEOMIZIE 10em F 7213 20cm DJEADFEBFFAINT VLS, 2D K I IR
MERLRITRE I N T WS DI,

e gap HIZ DB WVWTHrF Iy XV INTELHIICTED

e Nosecone MU' Central Magnet TN L Z2NTRZHIFTE 7 Fa v 2RINT
570

o KBEDEE CHIBTE L VWHENEHWIZALE —D uh I L THRBTE S
£ T 2720

EVWHHERH L, 2O MulD @ 1 JGHICENET 270108 u D %)L
X¥—1% 1.9GeV THH, MulD Z IR TCEZRKITL2DICDHEB L u N TOZRIILE—D
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FE 2.7GeV TH 5, X 2.712, E— Lz o RI%E L T South Muon
Arm WCTOBEORIGEZ 70y b L72bDERL, 232 ICKEOME LEA%ZRT,

£ B - N ™M o W
o s
[ = | -— o™ o [l
2 D c c c @ /
c 10 ° S S o o i
g [ o § &§ 5 o /]
8 [ £ 9 o e 3
g s 5 5 5 |/
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c = s s S |
o - NS 1/
& - O E
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L 258 'T) ," -
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L &7 o
."r =
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2.7 South Arm DORTIGE & %D 6 OBEOBR, kA Fa v RN,

# 23 NEFa v OME & EA,

North South
N B IR e JEZcem JEZ cm
Muon Magnet Yoke (End Cap) | Fe 30 20
MulD 1st layer Fe 10 10
MulD 2nd layer Fe 10 10
MulD 3rd layer Fe 20 20
MulD 4th layer Fe 20 20

2.8 MulD @ 1 DD gap ZEZEmN0 6 RAKZEHE 25, 1 2D gap ¥ 4 2D
large panel & 2 D® small panel 2>5 7% 0 | A& Z % { T72012, B2 G A
TS E R 5 X ) ICRLEI LTV 5,

ZNZEND panel IZ1F 2pack EWFIENDE T A ¥ —F = v N=2K )50 & FEIE ST
IKHEINTE D, 2 XuEEERB GO N X)) I EnTws (29 LXK
), 2pack & 2 KD Tarocct M7 7 RAF v 7F2—7056KD, 1 2DF 2—71F 8
DDENDSD, 1D DENVIE1IARKDT ) —FI7A Y =227 Y —F x v \—
T, 2pack X 2 KDF 2 —7 %05 To6 L THRETEIZHICL>TRILVELLVDMTD

BHIROEL R E>>, FU 7 MEEAE A2 k51 TRLTH2 (K2.9 FH™
SI4),
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£ & * g *a ) @ L 3 ¥
I |1 _‘_,--"" "‘-.._\__‘H ] —
/-" .d""f 2N I nE T
1 = =4 2%
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METER SCALE

2.8 BN 5 Bz MulD @ l1gap, 4 #(®D large plane & 2 #(® small plane %> 5 7% %,

MulD DEIfFEHIE 4300~4500V TH 5, HRIE, 4V 78 v & B LKFEDRE
HACH D, HARIERIZ~2 X 101 ©. 2pack DBIFIRIZ~97%. KV 7 FEfliZ~
60nsec DRI NTW S, TiUd, E—4L78v 7 (106nsec) £ D bR 72, Level-1
YA — 25T 2 Z EDHRETH B,

wit A LIRS ER 7T T ld. 2pack(&al 16 AD wire) Diw#iAl (OR) 2 > 75553
150 £% 12¥0E & 41 MulD @ Read Out Card(ROC) IZEfGI N5, 2T, HIT 3%
ISR S BT OIS, T—F Ny 7 7ICEZA 6N D, B/ 4 X z2REL
DS EOHHZIEEZ RO DI I0mV ICEREINT WS (AR ZESOKE X
500mV~1V), tv F H#RIE NNy 7 7IEZ 605 LFKIC, Level-l MY —%fE2
7o I YA —AREFRIC B EE I NS, MulD @ ROC & Level-1 F Y A —F473
N3 L. 204y FCRIET %7 —% % PHENIX ©F— & IUEE S 2 — L (DCM)

IZEET %, 2pack 2 1 DDfEFERE7O, 1 8cm W) HWIFETHALT I L
2% %, UL, phiA03 Fa yRINM 2588 s 2B 0% EEELD L3 D 23 2 DR
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//7/ Y

s top frame
4

side frame mid-plane

Cross section of the MulD panel

9mmx9mm

cell
anode wire j PVC

] (LTI 2 ™
LLLLLLLL~ e

' 83.5mm

Cross section of the plastic tube(2-pack)

2.9 2pack BHEOWIH, 8 DOWMALIAY—F 2o XN—DEy 25 LTEHELTH 2D
bbb, TOLHICT S ETHRIERFEEZ P, FU 7 MREZECLT03

THH7D, PIAT—EFELTE) ZITIZ 0Ll Bl Zedid i LIRSz,



2.3 S a—F &  Muon Arm 19

233 Za—AVMREMRLEEE Muon Tracking Chambr (MuTr)

MuTr (A Y —FA MYy THRAHNLDOTIA Y —F 20 N—TH 2, K 213D L)
IZ 3 DO station 2SRRI N, zHIC/ WL TERBEICRBEIN TS, HZ2EH ST
737> 6 station-1. station-2, station-3 &WEE, Z3LZ 4D station 1F 8 DD octant &
EEN 2 HHED 5 D | 2.11 ® X 91T octant 1FFIZ 2 DD half-octant 1257531 T
W3, 2.12 @ X 9 1T station-1. station-2 I& 3 DD gap. station-3 D& 2 DD gap
PHTETCWS, ZNZEND gap &7/ —FI7AY—E, 2Nz 2 GOAHY —F
ARV 7 HTHRINTVLS, % gap ik, BIZERIZIEW D5 gap-1. gap-2. gap-3
&S,

South Arm

station3

2.10 Muon Tracker @ station i,

Hgap DAY —FZAFMY v 7H 2 BiZZILZ 1N non-stereo plane & MEIXIL 5 &
stereo plane & WHE LA HIC & D FERK I 41T %, non-stereo plane TD A Y — F A
FUy 73K 214 1289 K9 IZEIDNTE D, stereo plane TOHY —RFA MY v 7
FZ SR LTAHLAEZ DT THlpNnTw2, 2 X > TRFOMEEMED 2 X
TEERPIBF SN D L) Ik >TW5S, stereo-plane TD Z DI gap HICHE 7 2
GG SN TE D, ZHEDEH VANV MBI AENZHS LTw5, MuTr D7
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|
Octant3

|
half 2 | half 1

East

Station

Station 2

N

AN
Octant8
half 1 | half 2 N

I

Oc‘rdlm‘7

FromIP  Gap1l

2.11 Muon Tracker @ octant i, 2% 2.12 station &% octant OAIEEIGE & gap DA
26 R72 South Arm @ Octant & half-octant ®
1D,

3gap
(2 gap @ station-3)

1 octant

2.13 octant I} % gap i, %% octnat 1¥ 3 X (station-3 TlE 2 ) DF = v N—DHEZ D
THhH., ZNFNERFHICA Y v 7O t 72 non-stereo plane, Z LK L AE% FF/- ¥ 7
stereo plane, Anode wire 8T 1 gap TH 5,

V—=FZAFYy 7E bmm HRETZy F v 73Nl TH 5, G Uik Istrip &IXL
TiT>TWwW5, 7/ —F7AY—HIZIE 74—V FIAY—KPL VAT A ¥ =K
HAZ 1lem METERS1UTE D non-stereo plane TDA Y — F A MV v FICEE R
[AZE WTWwb, 74— LVFE7AY—DERITS y m THHBA Y XI L TATV
TTETW5E, BV A7AP—ICB L TEERE20 4 m DA v ¥ Cu-Be TH5, Z
D7) —F 94 —AY—=FAMY vy 7OEREIE 3.2mm TH 3,

MuTr OERRIZBL T DEGER SR E > T 5,
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o J/Y DY HoDIEE. Y (1S) D Y (2S,3S) 25 DHEE. b, w D ¢ 5D
/\%ﬁo

o X7 hILAY LT, 1 FMD run TGS S 115 721F D signal-to-
background &7 7 X 7% v A,

o Au-Au DHULEEDERICE VTS, TR REETEr 7y 720206057
\J DK\ occupancy D65 2 &,

IS DEFEIZX D MuTr 1 3station DAY —F A MYy FEAH L, HD gap &
&l %tﬁ’)?"’ﬁﬂﬁp@z MUy THAERS TS, £, Ik Dah3HEIE Mulr 12
W OEEETIE W RO AT L T oz, Ladd>T W KTkl ot %
B3 7Y A v EOREERETH 5. non-stereo plane TODALE T ERE 100
m, stereo plane TOAZEITERE 300 1 m IER I N5,

Gap 3

Qﬂvl?._l? T AF—vav | ¥vy7 | fAE (8)

i 1 1 -11.25

Anode wire 2 by
\_ 3 +11.25

ﬁl 9 1 +7.5
/ 2 +3.75
Muon 3 +11.25

» 3 1 -11.25
[41 2 -11.25

214 AYVY—FAFYy 7OHEZE,

station-1. station-3 1&. FRA N A LRIy F v 7 INTHD A b Y v 7%
F— IR D AT TWw 5D, station-2 1Z L HBELIC X 2 B 2 5/NMNRICIIZ 570, B
2 umDYA T—HANWICA LYy TRY—v 2Ty F 7 LebDzHnT
W3, HlOREZIE 600 ATHD ., BEEE 0.1% T E % >Twa, (BfEE noise L
RNVEMZ57-DICT NV IPTRAZE > T 57O, BEOKRKHEIZ 0.2% TH 5, )
A A1 Ar:CO2:CF4=50:30:20 DI A A Z W T W5, ZOHRIEIARIETHD . A
W77 b= A RO C\Wb 2, FY 7 MKFEDS 60nsec & W E, m—L ¥
VYTV TIUBNI W EZ2EEL GEIEN, BEEREIZ 1875 1925V TH %5, MuTr
HoBTOHAH L (Current FEE) I8 W T, §513 CPA(fE 7Y 7 v 7).
AMU(7Fae 75dEr=y ), DCM(7— ylm%%/l—}l/) D 3 BbE 2 Can A L
DEIhbis, £TAY—FA MYy FIEERI N ElE CPA 2 #THiE, BIE
(HEEHFIX 3.5mV/fC) ST AMU 12 64 ¥ 7 N23E 2 6?@%0 Level-1 F VA —18
BEZIIWS L, TIHh 6TV FNL (11bit ADC) N7 4 %> 7 DCM 1T S
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ns,

MuTr iZF vV 7L =2 a v 279 AT L%2F>Tw5, ZOY AT L TIE MuTr

DO—FIMI GEAB LD H 2M) D7/ —F 74 ¥ —iz, s> SHROHFFTE 3
IR DETZ AT 22 ETirbns, Zoiifiiid DAC OfEzd#ifids 2 itk b
fTons, K215 ICHHFT A P F 2o N=ZTHRELLZXF XY 7L —2 a3 v oOLARLK
S I N7 strip DIEBZART, strip BICRIDPERL L7207/ —F7A4 Y —LDA=RE
BRI D, 2D 67)1'::750)7( X strip Tk W EH->TK %, MuTr TIEAZiE ST ERE
ZRT27DICKF OB L TESDH > 7 strip TEEDREIDHELZ KD
LDEH, strip T EIXIBEDOREIDPEL S TUIIEL K ELZRD L Z LB TE R\,
MuTr DF v 7L —> a VIFESTOREID strip ikFEEZRDL 2 LIk >TZD
IEZITZ5 L)L TWw3,

2.15 7T A b F = v N—IT TR

AY—=FAMYy ZICHERINZEMI 1 by ML CGEE 2, 3 2AMY vy 7TIKA
Do T3, ZN%x Mathieson Fit 5 Z & TIEMEZ K T OmiEf EERE2HE 25 2 £ 23
k2 (X 2.16), ZDJIET 100 n m DIETHENRFENS Z EIET A PRV FIC
31:\)1131%1:1@3“‘(11) 5, ZOLEZHEEICRLDN, BHPHEI NI strip DHF TR D

CHFDFHRE NS strip (E— 2 ARV v 7) KT B/ 4 AL~V THS. Zhps
1% DUFTZF4UL 100 o m DOLESHREZR 2 2 LSRR, BRI N EMD
WY 7213 100fC TH B 72, /4 RF 1 {C DT TH 3080 H %,
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{ Hit cluster @ Mathieson Fit

2.16 Mathieson Fit : bt v MIEDEHIZIT A4 X =YK

234 Za—AVEBA Muon Magnet

S 2 —F vEA (Muon Magnet) Tl s 7chi+%2 3 DDA 7 — a v THINT
% 2 BT K o THEF-DOREFZ TR L. Z D2 S Ky OB 2 % 2 LA TE S,
Sa—Frv=r%y PRERLaAVIROERATH D, K 0.75T - m Dk 2 Jgd:
SELHEPHKS, K217 & D 22 —F 27— 2100 5851388 (radial) Hla%
MWWTWS 2 EDTD %, Muon Magnet 12 & - TTE B O M EIXHFE (radial) /7
7% M\ CW» 5 72 ORI P (azimuthal) ARSI 5415, XoT, TOHAICE
WIZEDRREZ RO & ) ICKREF ST %, 72 PHENIX 281 2 BEEROHLD 75132
TOEYTH 2, WRMZFNEL T, 2WldE—L84 7iin> TR S BIETH D |
y Bl Br E 23 E04AFR T, x WlEPHI Z 23 EIC% > TWw b, 0 (polar angle) 13 z il
EDRTATHY, dI3VEZ 0° E L, HAE 180° £ 95, £234ICZa—Fv7—24
DO FED 4 I E T 2T ([ Bdl) Dfiz 5t 07bDTHL, ZNkh, 6D
INS WD TT MGG DR oo T B 2 EDTH 5,

#2.4 Muon Arm IZE T 2T, 4 KO 0 I1CE T ZETHAIE Tm,
6 (polar angle) | 15° 20° 25° 30°
North Arm 0.731 0.492 0.359 0.276
South Arm 0.774 0.494 0.344 0.255




24 % 2 % PHENIX S 2 — 4 UiRH8RHE

——

PH ENIX

1 L L 1 | 1
-4.0 -2.0 0.0 2.0 4.0 Z (m)

*

2.17 Muon Magnet 12 X 28485 L W52 X % 2 2 —F v O iliE#Eg 1,
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BI3E

1—7A U RIMRHES DO ALE R

n

T4z WHR 2B ETE S 2 —F v & L ORBI 2FHCTHET 5, MuTr
N 7% @it L 72K 71 Muon Magnet Ik > CHilF 64, 2% 3 DODAT— a v Tl
H3 22 EickoT, ZOMBPHEEKI NG, Lizd>T, Z0%E» S MuTr W%
W L 7ok oEE i EZ KD 2K E, DFED, 3DODEAT—Y a3 v TOAES
fERE & . ZNZFNDMHNLEZ IEMEICH 2 FITIE L K7 0B & 2 ST 2 BRIk
ODTHETHS, LA, TOWHRBRDOWMNIZIZILH 2, BUFIC MuTr ToOEB)E
BHAEE, WEBRICEWTER I NS MuTr DAESEBEDOMHE & BURICOWTE K
T3, HIZ, FAT— a VIEITOMMIE S A7 74 X v s 8D MuTr O #EE) &5 fiF
BEIC ENR TS TRZ DI ThfilnnTE <,

3.1 MuTr iR IFZEEEHE L AE

muon tracker N Clt muon magnet |2 X > T, I 22— VIZME G ( azimuthal
direction ) ICHiIF 615, A HIE I 2 —F v DOEHRE% sagitta &9 stl & st3 D
bty FRZEMRICHAZERED st2 ITB T 2NTRE st2 TOEEFEOL Yy bR EDESTE
RITBZHOC2HETHET 5, IO sagitta &) BIZNFoEEEEMHERH D, 2
DETDARIEAL TR FOHEEREZ A S HBTE 5, 3.1, 3.21F, MuTr N TS 2 —+F
YO/ HFRERL T3, station 1, 2, 3Dty FRZZNZEN A(x 1), B(x 2),
C(x 3) ELTw3, sagitta 3§57 BC TH 5,

LiZh b LI, 11 ElFstl & st2 DIEDHREETH D 1 21% st2,st 3SEDHEHETH
5, 2 a—FVIFHAAENCHS S DT, X7 bV BS IEZ DM DR TERS
N5, 2, H7biZ3RIURTDORT7 FVOA, MATRIOAZEZ 5 L sagitta
I TORDOERICA A 7 —RE L TERINS,

sagitta = |BS)| (3.1)
1

= [ — [ — 2

l1+l2{2(x1 T2) + li(zs — 2)} (3.2)

F o, BANCH YNy CEMET 2 Lo F Tl &<
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}Sbjé E l—ﬂ"/@ﬂé%o

-
-

3.1 MuTr

station 3

station 2

station

I 2 —F v DI,

ESIORA)

-
-

3.2 MuTr A
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A hit on stationl

B: hit on station2

C: hit on statin3

O: N ACHH S

P: #R77TACLRTOBED R A
S: $85ACE station2 LD M
roBREREEF

: lyl2
lta = — 3.3
sagitta = - (3.3)

F72, MuTr NCTD S 2 —F v Oi#EIE (ptr & L CESR) & HEREEEDMICIZT
DR BRI D 32D,

pir = 0.3Br (3.4)

ZIZTEI). BLRRWSGOWMITHS, LD 200K LD, sgitta & p, DEIRIZ
DT oRkIZR 5,

Lily (03B
b= (220 35)

S

l115 (0.3B)
= = 3.6
2 Ptr ( )

DF D, sasitta s DEDTIUL MuTr N TOD S 2 —F v OJEE)E ptr 25K F 5, %
7o, ptr L MuTr NCTO S 2 —F VOEEIRTH D, AKD I 2 —F v OjlE) = IE N
Fa vt ohcrry—m2%2 L T0ws, LEDPS>TARD I 2 —F DRl
¥—% E & L. nosecone & central magnet IZEIFAZRLXF—BAZZNZNAE
1. AE2¢335¢&,

E =FE, +AF, + AFE, (3.7)

\/p2 +m2 = \/pfr +m2 + AE, + AE, (3.8)

Muon Tracker D Tld, WM DRIFIZ L > T3 2 —F VIFHAIIZ 2 GeV ML ED
HEEZEf-> T3 EE N3, DT, Mult A TOZZLXF—a R ZUTORXD L)
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27 %, ZU EBIIC S 2 —A4 v OHEEIZERT 2523 kS, E=AE +AE, ~
1GeV TH Y, /P +m2 = p(>m, =0.106GeV < p) THZD 5,

p = pir +AE (3.9)
3B
p:%(oi >—|—AE (3.10)

3.2 Muon Arm DEEIE D HEEE

Muon Tracking Chamber OJEE) &7 A #HE (X F212 % Chamber DAE T ARE & S 2 —
FUBE Ty A—ICADHI DN Fa VIR 2@l L 2B To T 2L X —RIEHE,
Sa—AV IV A—NTOLEBELOKE, ZLTT7 74XV FDOIRERBEICE->T
WESINDE EINTE, 22Tk MuTr OESRSEEDEHAEIC O W TR S,

321 BIZa—AVICEIIZEHEDREDERE

p="hi (Q3B) 4 AR k. MuTr 0MEBIRA A% MEERORICHE > TU T X
HIC RS o7z, Ero, I p ISR B HNEUEE IR L ERT 5720, &K% p

ZHSTW5,
o \* (05 \ o \(oar\
3m><p>+¥(%E><p) 311
2 2
gptr UAEZ
+ — 3.12
=) () (412
p 2 o 2 oA 2
tr Ptr 7
— —_— + 3.13
o) () e (%) 013
. 2 2 2
p AE) (Uptr ) + O.AQEi (314)

L FT MuUTr O0fREE E = 2L X — 0 ADOANAHEEM I DETE 5,

322 = a—AVRIMREIEROESE D HFEE
Muon Tracker WO B & 1 sagitta Z HW T T DX TEE 3,

lily (0.3B
e 3.15
po =12 (222 (315
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L3> T, 2D MuTr WOEE)EITFRE XL P ORRICE I S ¥ 5,

() -2 () (o) - () Ge) = () o
S (3) () () 521

2D MuTr O S ORI LG OFGEICE T 2HZ G L TWLWLohs &) BERITRN
LT, 513 72whs, 2 2 TidFao TERBEL + 25um HoW~ v 7 H3EHEIC
MonTsEL, 2O220HZMAL 72, Dgg, MuTr O E)mEITARE 1E sagitta DFR
EDORIMET % LEZFER BT S,

¥ 7, DA 72 X 9 1T sagitta 1345 station T® Hit position Z HW T T D
TEHEIND, (> T, sagitta DFEREIZM F O TETHITK S,

g;>2((§?)2+i<§—2)2(";)2 (3.18)

() () (4)
(l—’;(xg, - x2)>2 (‘2)2 + (%(3:1 _ xQ))2 ("Sl)2 (3.19)

I LD, sagitta DERE X4 station IR 2 P M OB S EREIC X > TRE
N5, ZIT, 320 station [ TOHE E 12 X 2 3RAEN DB % § X T station 2
DIFEDOH~NE L&, HIT station 3 TONMIETHRE L station 2 TOLEEELIC X 54
DY DNREZIT2HDEEZ S LA station ISRV BMEDREERIMU T D X HITET
=KD,

station 1 DAZIESTAERE = cthode strip chamber D73 fRHE D A

Jli
li

Oz, = Ostripl

station 2 DOEDAERE = cthode strip chamber D77 f#RE + station [E]® Alignment
IRIERGRE

Oxy = Ostrip2 + Orelative
station 3 DAZIESTAERE = cthode strip chamber D4TERE + st2 TD % BEELGHL
Oz3 = Ostrip3 + Oms

L 7235 T, station2 IRV % L HEEELIC &K 252D\ WTH Z %, multiple scat-
tering IZRDXTEREI N T\ %, station2 TORIFEIZTTL DTH A Y IRIZ 0.1% T
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HAD., FDHB) A RAWNEDLOF 2 N—KHIITIILIFANLE ioTn3, 208
Mz X DBETIE = VORBEEIX 0.2% > TWnw3b,
DLED XS RBR%E2ERL T, sagitta DDRREDEEX LR T EUTORRE LR S,

2 2 2 V2 2 2 2 IR B
g_-; _ IA J.m"i il + J.m"i p2 + U,—g lative + f_[ J.'c trip3 + E‘_[ s
Ky L Ky 5 ) s L Ky L s

eEUR

ZIZ T, Fchamber® 7 WA AL ARTEIZ100 w mTHHHE, FstationiZ TS
AEEREREIZ L FOLocie s,

100
Turipl = Catripa = 73 = §7.7[pm)

100
Tgtripy = E=7l]?[;_:m]
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3.23 IRILX—OXDAHEEMNE

Z 2Tl Muon Arm OEEI R ZIRET 5D ) — DO FEHLETH S, NF
0 VIR TOZ 2N X —a ZDRHEEEICOWTER TS, I TEETLINFRY
WA E1d S 2 —F >~ b 7 v A —ITABHENICALET 5. Nose Cone & Central Magnet
ThHhH., ZO200WIPMTOI R —0 ZADAHEEWIZZNZE ZD MIP 205 BT
DHRICK->THETE %,

- Energy straggling
2 -
o AL, /TN
DT e A ar-1GeV
i P \ moun magnet
nose cone

L]
o et 7y Ty g

a = ——
ar 1—32 . .
! classical electron radius = 2.817 x 10~ ecm
. electron mass = 511 keV
:  Avogadro’s number = 6.022 x 102*mol
atomic number of absorbing material
atomic weight of absorbing material
density of absorbing material
v/ c of the incident particle
thickness of absorbing material

o 4
o2 = 477Nar§(meczjzpﬁm

Z .
= 0.1569pzm[MeV2]

e

LEDHXDS T3 VX —0a 2 DAMEE X Nose Cone TOANMEEM: & Centaral
Magnet TOREE L DR LG TH 2HENTD %, KIZ Nose Cone TD L FI)L ¥ —
0 A DAHEEMIZOWTHRIT 5,

B2 Central Magnet TO L3 )L ¥ — 1 ZADAHEEMEICOWTHET 5,

PLEDFERD SN Fa VIR TO L 2L X — 0 ADARHEEE I TR TRE S,

ZORP NP VIR TOZ 3L X =0 ADAMEEML S 2 —F v ORtHA Ik
T 2HP’ONS, £/, FB2HDOMBIZLD S 2 —F v OHEEEIKE & 5 I1HEN
THF LA P T5HEIDNS

3.2.4 Alignment ;RERBEZEE U Muon Arm OEEE S BEEDEIE

DL ED#ERD & A& B 7% Alignment REFREE 2 HJE L 72 1 TD Muon Arm )&
DRREOME T 2 2 23K %, DU IC North Arm 128 28R o2 £ 3%
T 5,
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3 5

Energy straggling of the Nose Cone

absorber nosecone (Cu)
z(thickness)[cm] 20
pldensity)[g/em?] 896
Z(atomic number) 29
A(atomic weight) 55.845
4E (energy loss)[MeV /g/cm?] 1.403
X(radiation length)[g/cm?] 12.86

2
TAR,

AE,

_ (dE N « z(nosecone)

- \dz /, fou cosf

= (1.403 x 20 x 8.96)/cosf

= 251.4/cosf[MeV]

_ LipY Zou  a(nosecone)
= 0.1569x2( ) X poux 7t x ==

0.1569 x

1 29 1
E( ) (Bgﬁxaa.ma"m)mse
1

2
0.1569 x (i x 98.04
2\m, cosd

25 (2o

_ 7299

T1062 0039

_ -4 P
= (650x107) x —

Energy straggling of the Central Magnet

AE, — (E) X Ppe X z(central magnet)
de /., cos @
= (1.451 x 60 x 7.87)/ cos@
= 685.2/cosf|MeV]
_ p—AE dze ,, S{omiral magnet)
ohp, = 0.1569 x 2( m )XPF.:XAF‘X por
- 1(p-AE\? 2% 1
= 0.1569 x 2( - ) (T.B?xw‘mxﬁﬂ)ma
ahsorber central magnet (Fe) 1 (p-AE, 7 1032
z(thickness)[cm] 60 = 0.1560x 2 (T) ]
pldensity)[g/cm®] 7.87 .
Z(atomic number) 26 _ 1816 (P‘ﬁﬁ)[mwﬂ
Alatomic weight) 63.546 cosf m,
4= (energy loss)[MeV /g/cm’) 1451 15.16MeV?]  (p- AE,)?
X(radiation length)[g/cm?] 13.84 = 068Mev X cosd
_ 2
= (135%107%) x %

S 2 — 74 VIR AR D AL IE Al I
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Energy straggling
DFEY, TORVET

: . _ 2
- > l(es0x 10 ) x P 4 (135 x 10%) x P=AB)
P cos 08 0
6.50 x 1074)  (1.35x 107%) (p — AE;)?
= n .
cos cosé p?
(6.50 x 107%) | (1.35 x 107%) 0.2514[GeV]
= + 1—
cosf/ cos pcos f

2 2 2
o, AE\? [ p— AE , 0.255
— =|1- 4 X1
< P ) < D ) (154Bl(9) 53 07 Oretative [im”] + (p — AE)2cos%0)

(6.50 X 107%)  (1.35 X 1073) (p — AE;)?
+ +
cosf cosf p?

(3.20)

CORIFLTDZ EZREBL S,

o (BRI (1 A2) DHOPETH | Ho MuTr OREAE BT 5
IRV 7L AN, 2, 8 3HD LR ILY — 1 ZADAHEEED RIS RIR %
. (33

o FHHBI R TII T AN ¥ — 0 ZDOAEEIEZ T F LA F L 1HD MuTr Of
B RREICBI T 28R o Th 02, PIIRDPKE AT S, (X3.4)

PITiz, 2o %J6IC North Arm 128 1) 2 FiEE) &= CcoEE &y % R 7= X%
Y, I ZTIEAREAHEE 4 Chamber DIEDIRREEZ XA IR 4 =<2V ATH 5
100um EREL. T 2a—A voit&ix 15° & L7

RICEBED ) A ALV EA vy P Ly aIl—va ?/'f“jki")f’ 150’\'17011111
&) R (K3.7) 2 vT, North Arm 123 1 2 8557 fE6E 2 LA
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3 I o — 4 VR AR O A7 E R IE

3

?_ mi“#“gnm‘m Moum- s
'§ missAlignment 200um
@'045 | missAlignment100um |
2 -
E - missAlignment Oum
: —
®.044—
[:}] —
E -
o -
E -
0.043 [
- RE R B iR T
S station [ DABRA I OKSE
Oder I LBA L ST NED RN

0041,

3.3 fRGEBEI

issAlignment 300um

missAlignment 200um : Egﬁﬁﬁﬁfﬁ
missAlignment 100um station Fﬁ @*ﬁﬁﬁtﬂ@ﬁgﬂ:
N XERCB,

4« missAlignment Oum

momentum resolution [%]
o
[

0.15

01

IHIIIIII]lI[HlIIlIIIIIIII

0.05

! . -
P [GeV]

3.4 EEB) RN i log A7 — L TH B,
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3.2 Muon Arm DEFE I ERE

R
PR

:

t 300um
t 200um

ignmen
ignmen

Al
Al

£
5
=
S
-
=
@
£
| =
2
=
w
8
£

missAlignment Oum

sosnanoscas
S

S ml ss

o

P
=

n v < v 0
c ¥ o N o
o = [=]
[%4] uonnjosas wnjuawow

im
0 N
N o

|

wn
1
o

0.1

0.05

40 60 80 100 120 140 160
p [GeV]

20

i AE

X 3.5 FHBED ) A4 X7 —% % H\ 7% chamber DA iE

[Ts]
195
: m
l.w{
|
1T a
L] B
o
- 1™
(R JM
—_— -
_wn
1N
. e ~
e
— ..2
o0 —
o
g e
.m + . )
- ™ n
© - =)
= ol e q=
E = . ]
- a L -
w O .
L ]
_ ]
| 90
.J
W L 1 L i L i il
rleerlreal o drrrflrriliiHe
e 4 o™ (=] o0 w L. 3 o™ (=]
- - -

3.6 FEBED /) 4 XF—% %M\ 724 chamber D7 B/ #RE
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3 5

S 2 — 74 VIR AR D AL IE Al I

' gap U, cathode 0 |

E | —— MC_noRmaScuk

LA ALY LALJ LAAY RASS RAA R A A L

= —— MC_RmaScak _5-
Zea ' ‘ : + e’
; gap 1, cathode 0

PPRIPUPIITY AOPYY FRVYY PRTYY PRPTY RPTY PRV P

T | il A M | ™ L |

glanlygy

anliilig

3.7 FEBED /) 4 X7 —% %\ 124 chamber OE 5y fR#E
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33 HERMEBMEYZXTL (OASys) HEOF FO—F

MBS FRRED R E I D REBIE L TR WHERO—2 & LT, FEHith o E2hEIC £
D MuTr DAZEDSEHWT W EHENEITFoNSE, 22 TMulr DF = v /3—7 L —AITHL
04T & TR ERTIES A 7 A (OASys) I X D HIBEDO MuTr 08 & 28017 %
BT, MESREON EE2RAT, ZofiiTik, A EMES R T Lo E, T—
YINESR, Z L CxNE Mo EBEROMEHIZ O W TS,

PHENIX MuTr
Optical Alignment System "r

-
-

- —:
-
- 0,.4
3
.

L oG .0
- "G_' ¥
, Station #3

Station #2
Station #1

Optical Fiber Convex Lens CCD Camera

3.8 JEEAMEMIEY AT LA DELEX, Stationl (2. Station2 (2L~ X, Station3 (21
CCD A1 X903% 1D, Octant T IZ 7T HTORBEINTED ., 5 56 HONERBKEIN TV

3.3.1 OASYS DR

e F AN E A IE S A 7 L1 Optical Alignment System (OASys) & Wi, North
Arm. South Arm IZZ# FH1UEH, L v X, CCD A X 756725 56 flD Y%
%> T3, Stationl IZERE I 172G % Station2 I2H 5L ¥ X2 & Dﬁ'ﬁ%ﬂﬁiéﬁ
¥, Station3 i2dH % CCD A X712k D, %@@@@?%M%?%’k?Mdﬁ@ﬁﬂ
M MiEE L2 E=Y —FT 22 LN TES, CCD A X 71F Station3 IZIZIFFEATICHLD
ot cnz o, &Mmmﬁﬁiwﬁmbbwﬁfgtv»PHHHXFTA BV
TGS h DR IS TG 2 i BT, JnoEERICHBI L%y 7 2RI, 20Xy
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7 RZHET S THEIENIRF O NS, Station D Z TR OE) X (EHE) EHIEICE X
5580 XY SR O8I S IR TIEFITNI DO TEREL &\,

station 1 station 2 station 3

_/:. -

é

T~

v

<
<

3.9 lense

Station3 IZEXE I 11T\ % CCD A X J 1k, MuTr OEBBRE To, BEMIERE %
EET 5 E, HKOBRDOHPLIECCD ARXFDOHLOOHIVEEITNL I ENEZ N
%, ZD7®, CCD A X7 OfEHIHIIZ 7 1AL L2055 3H D OASys THWT
V3 OCD 4 X 5 5 ORI O BRI L 8. 8mm X 6.6mm (T68(/KT: F71) X 498(
[EJ7M)pixel) TH 5, (Ipixel H7- 0 11 u m(AKFJ5MH), 13 4 m(FEEITH)) CCD A
A7 BEolZA Ry Ml DAQ PCIZkotl, TV NT—% ELTHMINS,
MuTr 7 = ¥ /3= station] I IFHEHBIHE I LT 5, M E LT, 7 74 /3—1C
FoTHO L7 "aF vy 7y 7ozl TwS, K774 N—DaT7DHE
D3 62.5um, 7 7 v FOERZ 125um a7 /7 7y FHT7 7 A N=r—7VTh 5,
HT7 7 AN—=IZ 150W DX Z)ua’y v 5 v 7D A7 light source box IZEHE I 11T
BEO. b 0id MuTr F = 38— stationl IZEfEINTw5%, 2L T, 7V 7D56
DH%EIT7 7 A 3—THLD L T, station2. station3 D FFIAINEE L Tw%, OASys
THeLNT W AZ Ty v T v 7 O3 6000 K <TH 5, Mulr F =
Y oN—O station2 1Z1F, ML Y ADPFEI N TS, LY RIFEE lem D4 7 A8D
L Y A TH %, OASys DNFERDM 28T, OASys DIHARICEWT, 1o L
YRAETOWHEZ )1, LY X926 CCD A X7 £ TONEEx [, Ly XDEAEHE
2L fDfHIFROAXD»EKE B, 1/f=1/11+1/12



3.3 HZAMEMIES 27 L (OASys) »5D7 7R —F 39

3.3.2 EfRERINAEDIREE

OASys IZ& > T CCD A X Z - Zzlijfid Figd 1.1, 412 DX I Ik >Tw 5,
ZDXDBDOHRID fLEE 30 HHICE=Y—T 2%, ZOEBROPIMIEZIRET 5720
AT D &) T2z Et, E3REERZ A X T LTORNVIFIH, BIESTIAIHE
L. ZNZTNOMED A 75 LZERT 5, WEROKFTHIE 640pixel, FEE ST
I% 480pixel T. 1pixel 47 D AKFAIAIZ 11 o m, TEHFANZ 13 um E2>TWw35,
¥R TDOMBRETOMEERZ DB A X FTEEREMES, RICZDERANTTL%
DUF DB8%C Fitting L7 b D LHEHF.LOAZ 70y b L7 bDZHEHE 5,

|_raw:arm=0 cam=8 Dir=1 |

N
\‘H\

1.5

0.5

displacement [pixel]

-0.5

| L I I L | L I I 1 | 1 I 1 1 | I
20

o

5 10 15
2010/1/10/00:00 ~ 2010/4/22/08:30 [day]

3.10 Compare Peak raw with Peak fit Expand Sample Picture North arm camera 8 directionY

Z ® Gaussian Fit O F¥HEZ O X F 77 2DHiME, T4bBXEHOED L
frEE L), L2aL. OASys TREH SN Tw 35 L v XD EFEREE MuTr F =~
N—D £ station M DOFFEEIC X - TH RIN 2 EAEEE L Z7E2IC L TR LGS
bHb, 2D, Figdl2 DL CCD A AT ETIERTCRZZEERLbH S, 2
DI BREBEDE R T T M Gauss TAEICIE RS2\, 22T, 1T TR
WCIEHROE 2 L L . oA Olidi 2 Hv T Fit 2479 2 &L CHLALIEZIRET 5,
HARMIZIZ F T, Gaussian Fit 12X D, ZOER 77 LDOHLMHE (mean) & 5345 Dl
(sigma) ZK® 5, % LT, FOMlD 5 0.6sigma b L < 13 0.8sigma DHifHZ < b ¥
E, R OEIITN L THE 4.1 XTFit $5%, ZOKHICLTHRS I mean 2 mif&
P2 EEROFOMEE Lz, { DBEIZOWTOIRIXAE 213, Gaussian Fitting D x 2 %
ROBNIKT 2L BEICERET 5 EBERZC DT LE ), fiE 5T, 22 TiEK
DBZMRMDOIREICOWTIIHTHER T % &) JjiEz{ToTw 5,
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3.3.3 OASys BMEZ fc MuTr DENE

MuTr 7 = ¥ /SN — 3 FEEFIZ 50 # m-300 4 m BEHFIC LEZ5NTwSE, 22T
ZY Y TN DT 5, BRI Run9 HTEHIL 7220 X 7 ONIEDBEOBE D 7
vy bx4e HEDEET %,

X T D octant RS TE2ARXFICBHL CTID L) iz A2 ENHRL, 2
DI, TI65hIFHEELELZH (Ih R) o EEOH (#R) £ TDEZFT OASys
THMIL 7282 23 L TW»w 2 EiLT 5, 0 H2 6 90 HORITAH X J JERE LB =
LT x AL y AHEFEICKE 100 4 m 25 200 4 m BEHN Tw3, 742, 93 H
MHETHIRERZEUC L TV A D, THIZENORRERWEL -2 itk 3,

|3 3 -4 -auny 3|
157 .

3.11 Compare Peak raw with Peak fit Expand Sample Picture North arm camera 8 directionY
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| g_ave_day_al1_c8_d0_on1 |

00

-50

-100

-150

- X direction

- COSKELTORER

- BHEFER !
S

TT T T[T T[T 17

oo e b b b b by
200772020 60 80 100 120

day from March 1st [day]

| g_ave_day_al1_c8_d1_on1 |

me
TTTT[TTTT[TrIrT

-50

-100

-150

TTT T[T T T T TT T[T TTF

Y direction

 EBOFIL RO
G BYBILTLhAD ! ?

N
]
&2

20 40 60 80 100 120
day from March 1st [day]

3.12 I think this long term movement as the rotation or translational motion or Monotonic

expansion of the chamber by the fixture degradation, land subsidence.

Movement of optics

Run9 first of March to end of June
g_ave_day_al_cB_d0_on1 |

¢ X direction
50

B0 100 120
day from March 18t [day]

I'm focused the movement of the long
term. So, I treat daily fluctuation as
random noise. it means the error bar of

QASys become about 10 1z m

= |
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3.13 daily fulctiation
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3.4 Zero Field Bt SO 7 70—F

Z 2 Tl¥ OASys TS & 1L 7= MRS R O ML L O OASyS DM D IEERIZOWBTE A
55, FMIIZIZ OASys MBI L 728 E 2/ L. &8 MuTr O0fERE SGE I
T2 R THPEE L, L L—J57T OASys IF ﬁ@( FTOHAIHZAML LT =
YN—DALEZ HNICEHETS 2 b DTH D, 2 DRAEHICT 3 DD Station AR HIIC
EI)TI7A4 VAV EFINT 5035l T & v, HENEZ IEMEICHIET 5 2451213 4
X MuTr @ 3 ODAT — a v OHNAZEZ IEHEICH S 22 1 U3 & 20 hs, ki
YufgoRil 7 v 27w, HF 7y 7 Z2HOWTZOMMEZFREL TE, L
7235 TC, OASys 8F = v N—D#EfE & L CiHii L 22 R TGt e =>D
T—%%Xy bR, %?ﬂ%‘\h@ﬁ"“—y% v FT 3 O?D Station [HDHNALE % [F
ET5, 2HLTHESNLT—F2y FEDOEDTZH ST, OASys #HIL 725 =
UN—DEZFICHLE T 2822 MY LZHED» SRHi T 2HNTE S, 2D LI
OASys & ¥ ufidlGo 7 —4% Z X2 H T, ZTDOFETIZ OASys DEtTHE R %2 MEET 5,
COMGEEIZ OOV L Z2HECRICBHEZFM L, 20 2R>TZnZz D
HEDEREEZM) SDTHD, 20T L oMiEx i LI 2HZRIAET 25D
TlEw, NADELEEDORVWESHERI N, I 6186 nfiEEzZHWTHTY 7
A A ¥ b &RIT\W, reconstruct I 7K T D mass DB REINZFDHE L > T
B THOBIOUEEDGITHINS, AFETIE, FTRXe@EGICE8 TS N7y 7%2HH
L. BRI ED X 9 12 MuTr Station B OHRIEZ KD 5 02D 0WTihR 5,

3.4.1 Residual DEREZFDDH

How to define residual
point

residual
rack hit st2 o
G___ - track hit st3

collision

exteri

track hit st2

4 I
residual = exterior point - track hit st3

¥ exterior division is defined from 2 hit point (stl&st2).
. ,_/‘

3.14 Compare Peak raw with Peak fit Expand Sample Picture North arm camera 8 directionY
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[¥??Residula) D & 512 MuTr XY 2 —Lh 2588 3 fiEK 7D stationl &
station3 @ & v b ALE % ERRE TR O, station2 TOR ML L station2 THOE v FZED
FHEE D7 % residual & EFET S, 2 TH 3 residual DEFENIL, stationl, 2. 3 T
DZNZND hit fZiEIZZNZN (x1,yl). (x2,¥2). (x3,y3) &€ %, 212 & stationl,
station2 [HIFERE L T2,

WS wa., S 2a—F Y OMMITIZIFERE 2D, L7d> T, & station DA
EZIEMEICHI>T0wE, DFEDT7 74 XY FINTOVBHIRETH 5% 61X, sagitta 1T¥
QDRI THI1ETTHD 5, ZAEF =V NN—DNEDHEREE S 2 —F DL H
BELIC K o TIRDID ZFo03, FULDILEIX Z L6 ORIRTIEEID R\, fE> T D
DS zero 25 TN TLIUE, T4 5 Z DR TOD Station FITDO7 74 XY D
TNEMRNTE S, fedd L@, H2HH%2R T a7 —4% D Sagitta 234 D
HMZEDE D > TetuE, Z2OHEIC MuTr F = Y N—=2 W icFHZRBR L TWw b,

WM ERIES AT LD A X F 1% station3 ICHKEINTE D, BIFEICE T S
OASys fiEtr 134T Station-3 IZE T 2 KE TSN T3 70, I I Tld stationl
& station2 TOE v MIEZER TR, station3 ~DIHFR & DAL L stationd D
by MIEDA%Z sagitta EFER T LITT %, Sagitta Z Station-2 ~DOEFE L L7245
HEHRT, ZORE I 2512k 5,

| sagitta_w_s3_a0o7h1 | sagitta_w_s3_a0o7h1

Entries 61723

Mean -0.01069

900 | RMS 0.4759
” ¥2 I ndf 899.4 /493

800 po 639.1+ 6.0
p1 -0.01687 + 0.00123

700 p2 0.1431+ 0.0017
p3 145+ 3.9

600 — p4 -0.007468 + 0.004152
p5 0.5+0.0

500 p6 10.02+ 0.33

400

300

200

=y
o
o

» \HI’HH‘HH|HH‘HII‘IH\ HH|HH‘HH‘IH

o

sagitta_w [cm]

3.15 UMY Z: residual 731, HAMZABIECR T fitting § 5 2 & 3WEE,
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3.4.2 Zero Field Run Data &. #® Pedestal DZE
ZIZ Run9 residual fEHTIZ V72 Run List 2 #&I12&8T 5

# 3.1 2009 March I2Hif% L 72 Zero field Run YV A |,

Run Number | Events | Begin time End time
273696 3326061 2009/3/4 6:43:35 | 2009/3/4  6:50:01
274369 2451199 2009/3/7  11:07:05 | 2009/3/7  11:15:03
274794 10662961 | 2009/3/10  6:28:41 | 2009/3/10  7:09:53
274795 3643445 | 2009/3/10  7:14:31 | 2009/3/10  T7:40:17
274798 14002734 | 2009/3/10  7:49:38 | 2009/3/10  8:49:18
274802 8662695 | 2009/3/10  9:17:16 | 2009/3/10  9:47:29
274803 12531596 | 2009/3/10  9:48:31 | 2009/3/10  10:32:1

3.2 2009 May 125 L 7z Zero field Run Y R I,

Run Number | Events | Begin time End time
284917 14489805 | 2009/5/16  0:13:57 | 2009/5/16  0:40:46
285157 16537583 | 2009/5/17  22:54:23 | 2009/5/17  23:24:26
285291 11171300 | 2009/5/19  5:52:24 | 2009/5/19  6:13:00
285352 16190392 | 2009/5/19  16:34:08 | 2009/5/19 17:03:19
285819 2823507 | 2009/5/23  5:18:49 | 2009/5/23  5:24:30
285836 10056109 | 2009/5/23  14:30:06 | 2009/5/23 14:48:35
285938 10062322 | 2009/5/24  11:37:29 | 2009/5/24 12:02:03

286212 9375575 | 2009/5/26  10:27:58 | 2009/5/26 10:45:37
286762 5500962 | 2009/5/30  9:34:47 | 2009/5/30  9:45:40
286763 12026936 | 2009/5/30  9:51:50 | 2009/5/30 10:18:33
286881 6608853 | 2009/5/31  2:52:52 | 2009/5/31  3:07:39

Zero field run IR %, North Arm @ 800 u m iz % X 9 AL IFFHEBRICTF =
YON=BICEN G FIREE L TR EDTH A I 2 BBLL e XA 7 T L%k
KT % LIEDIC mean DAEITHEOHIBETHE e m ALTw3s (K), L., TDX
LS fake 77 £ 9% & raw data DEETE R b7 7 A03HICRZ 221(L%E L CTw 55D
5 flitting DERD/NY 7 75V FRE) TH) B ELB OB DOL NNVDANT TR,
bo L MRDBBIINTPEET S EEZNS, $T3HESHOMTTYT 7y 7%
WRBBH 51 EEZEZoNDDDIET 7T v 7V pedestal DEMICH %, 15
KFDIHAF 2 v N—%@l T 2T AZA A UL TR VX =%, Z OB
ZHEOTHIRL 72D 612 ADC & LTBIIT 25TH 205, ZOWIERIZA Y v 7
EDIXSOEVHEET B, o TA MY v 71 OILDES fi] IUTOATEZ NS,
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q¢; = ADC;gain; — pedestal;

pedestal[i] EFU & 912, gain[i] Z screw up L TWiUL qfi] DfEid screw up §5 D
Db, Z L Tpedestal IZRWT, ZD rms b RETH 505, Z DD HETH
20 EDORDPS LD 9, EEED pedestal 1Z rms D372 IAD > T3 DT,
MHEZ 51T H5EEEIC ] & E N \WDTT DY, dynamic ZHIEI LD TH TS D *
Hh, tms WO ESIEDB > TR ARWEERZFTH DO, ZRUIoMie L TRITANE T,
MuTr @ pedestal (FJFEHI 1 HIZEEEHRIN, o2 bH LT —FDBZDRKD run
D pedestal & L TRILI 15, pedestal DHTEIZ—[HITD F 100 event/strip  data
taking 4%,

count

MIP

pedestal RMS
>

l

0 pedestal peak channel Apg channel

X3.16 MuTrixhY —FF 2o NN=%0DT, Z05AHLIE DC EEZ 2 CEElNIcy 7z
24 FAIZL T3, 2048ch = ADC max

Run9 IZ/R1F % Zero field run @7 — 7 HHSKRHIZA T 0@ D TH 2, Z D run IZf#
H I T w7z pedestal data Z 2 H T, 2D run DEHMEL VI D, BAKLA I ..
iz, ZFIICHFEHLTAS,
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libration (Z L5 —-
Run9 March Zero field calibration {ZfEA LIz T —%

¥ BT/ 10ICEREB LT T — 2B A ThD,

M AnTiee [Evensinun| T e P8 North-03Mar09_1853
273686 | ZEROFIELD A326061 2009/3/4 | 6:4335| 2009/3/4 | 6:50:01
274369 | ZEROFIELD 2451169 2009/3/7 | 11:07:06 | 2009/3/7 | 11:15037 -

70053, North-06Mar09_2137

1:40:17

274794 | ZEROFIELD 10662961 | 2008/3/ G:28:41 | 2008/3,

274795 | ZEROFIELD J643445 | 2000/ T4 | 200873/

274802 | ZEROFIELD 8662685 | 2000/, 81708 | 20093/ 9:47:29

3
3
274708 | ZEROFIELD 14002734 | 2008/3/ T.40:38 | 2009,/3/ B:49:18
3
3

274803 | ZEROFIELD 12531566 | 2000/3/ 9:48:31 | 2000/3/ 10:32:17

3.17 YA FNOEMRDIEL T UE Z DR D calibration data (¥ H IZ—[B L 22HL S 11T 2
otz, XoT, North Arm (281} % Zero field March @ 57— % 133212 North-06Mar092137 (ZHL
B & N7 calibration data ZHWTHERK I LTV 3,

gain_s101
ain_s1o1
22 = gain_:
- octant 1 22
Fale g of8 North-06Mar092137 | g 8 8 82888 88 8 8 8 & g |*octant2 E
20;.. . . Csees o, ede o0 e ooctant3 208 § tessssss g 2 gis st s spge 3 o8 3 g "
= 9 -®-octant 4 = e0e0e,,, . @ ofe 00 o glle ole ® eoid ¢4
18— | octant octant 5 =
E \ ’ + octant 6 18—
165 8 ¢ ¢ $ ] YECEEEREY Y f octant 7 C .
- octant 8 16— s 88853385 ¢ 3 OB sl 48 3409 88 F}
£ 14 -
& F £ 14
12 / octant 7 o r & olctant 1
F 12— e-octant 2
10— F octant 3
c 10— e-octant 4
s = octant 5
- 8 . fe-octant 6
61— - octant 7
C 6 | ogctant 8
5 10 15 20 25 30 35 C i 1
March calibration run number 0 10 40 50

20 30
May calibration run number

3.18 March : result of the gain on North

3.19 May : result of the gain on North Arm St1
Arm St1

343 Za—AVEBHEREFMYE

Run9 Ti7% 272 22D Zero field run 1 3 H & 5 HidfT b7z D, 2 ODIF
Hclie—20arvr4syavditics, 3HDOT—%13BTT 500GeV @ run TH
D5 HD 7T =% 130+ T 200GeV D run TH 5, CD2ODHREIE—LaryT 4
avDr—FzliRT 2RI LEDPE I I TERT 5,

This spectrum is pp500GeV track associated muon momentum distribution (No
track cut ). High pt spectrum seems to decrease than pp500GeV. However under
10GeV muon is 98.3%, high pt muon is not sensitive for the residual distribution.

The residual distribution is based on under 10 GeV muon. The spectrum is same
in pp200GeV and ppb00GeV. It means the residual from different beam can be com-
pered. And the different of beam is not sensitive 2nd gaussian.
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14 ; .
: + octant 1
12— —&— octant 2
— octant 3
_ —&— octant 4
1 0 _— octant 5
— —#- octant 6
— octant 7
8 __ octant 8
2 °f
[ - -t
61— H
u |
~ ; ! \
4?
2 [ 2, ’**f“ -
0 B 1 1 1 L I L 1 1 L | 1 1 1 L I L 1 L L I 1 1 1 1 | 1
0 10 20 30 40 50

May calibration run number

Ermrars  J1ETFES
Waan
ANS

pp200GeV E pp200GeV
ppal0GeV s ppal0GeV

oo
A Oy PRI R EE

nan

L B (O T
.—.m— eaurm [ 1/ oementum [/CieV]

3.20 HBED A4 X5 —% % H\ 724 chamber DO IE ST fREE

uiwﬁb\t LoavF a4 yaviiBn oL TH BT 2L X —FHE
D3AIE 10GeV LT DEL WOT, U TP TIEZD 290D run Z L A[aE & L CHLD
T&")o

3.4.4 ZEWMELICEZDDHBDIEHD

residual 774 % HL.5 & FEED chamber DLEDEE XL D KRELJADH> T3, A#
Tk, ZOFRKE N OWTELEBELOBIAD» H6HEET 5,

From zero field cosmic study, we make sure second gaussian component is not
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based on hadron decay. So, we guess that component will be based on the effect of
multiple scattering another momentum. After the last meeting, Oide-san gave me
simple multiple scattering root macro. I modified that macro to near real condition.

st1 st3

2GeV muon

.
.l

}

Yplane

\
:eélanc
A

Figure 27.9: Quantities used to describe multiple Coulomb scattering. The
particle is incident in the plane of the figure.

3.21 HBEBED ) A4 X5 —4% % H\72% chamber DO E ST REE

At first I assumed if 2.0 GeV muon go through between St1 to St3. Then muon is
affected by the effect of multiple scattering from air volume. I want to know the final
position (St3) is how much spread by that effect.

(o] 3
Entries 10000
F Mean -0.0007951
- RMS 0.04703
350 } o2 I ndf 1247 1197
c po 339.3+ 4.2
300— p1 -0.0007908  0.0004703
= p2 0.04703 + 0.00033
250
200
150 —
100
50—
:. | | | oo b oy
-%.4 0.3 0.2 0.1 0 0.1 0.2 0.3 04

position distribution [cmj

3.22 Fist Step : Air volume contribution (fix muon momentum)

DL E® X 912 simulation DFEHRD 6 Bip o 7 B E DA D 6. FEEED residual 47
iz EET2FHICRI L 7,
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. h1 : h1
1GeV fixed Entries 10000 2GeV fixed N ;’;:‘n“ _G_ML‘]’,';";:
. Mean -0.001631 . RMS 0.04703
RMS:939 ( m wen 0w RMS: 470 frm |
1601 PO 339342
= 300 -0.0007908 + 0.0004703
1400 p2 0.04703 + 0.00033
E 250
120—
100 200
80:— 150
60—
F 100
40—
20: N 50
:-\.uulu ML I TSI B SR A Ml 1ora0 v b e PR BRI B
-%.4 -0.3 -0.2 -0.1 0 01 0.2 0.3 04 -%.4 -0.3 -0.2 -0.1 0 01 0.2 0.3 0.4
position distribution [em] position distribution [em]
h1 . h1
5GeV ﬁxed Entries 10000 10Gev flxed Entries 10000
. Mean -0.000318 Mean -0.000159
RMS 188 M m RMS 0.01881 RM S: 94 u m RMS  0.009406
-,.00; 180
600 1200
soo; 1000
400— 800
3003— 600
2005 400
100 J \ 200
B AP PR B N IR PR N I VI AP B B

| PP |
32 03 w2 o1 0 Tod Y83 2z i 0 Ted

4 3.23 FEBED /) A X7 —% 2\ 74 chamber DALETfiERE

345 IN\NFRAOAYODREEICKZIHE

sagitta 77 DIE 3 4mm FHTE T L 72 Z HEEGEL (450 750um) & MuTr Di%EH
BT RAE ( 100um) 721 TRFATE ZViIEZ R > Tw 5, Z DFRIFBR H T & <
Lo TR Vv, ~HTE=ZHHEDE T —IZOnTIE, n>ufBIicksb0E
EAOND, KA A Y. Ta—FvOEREZNZN, 7:135MeV/c2, 1:106MeV/c2
ELT HIZIE 2GeV /c DiilhE 25> 72 & 2 —F v 3 station2 Tr— p & AT %%
WHEFE R 2T IR > TBEIT 5 EIREL 72 £ &, 135-106=29MeV Z 2T 30MeV
DjEE) Rz Ko THTIICHEE L7 £ §5 & S 2 —F v IF station2 T 30MeV/20GeV
D 2 H 5T station3 KA INE, o T4 AV OFHBICL>THEL S S 2 —
Z v D434l South T 30MeV/20GeV X 1.5m=2.25cm EMHETE 2, TD kI
AF VBB THE T2 LK), ¥u @ THh-oTH F Iy ZIFEMRITIET RS T,
it > T sagitta DA IXERR b 7 v 7 DEEDITAAIIIED kv, FHFEITIE 2 —F v
FREBLI RS | & 2 TH NI Z 2 DT, R sagitta DMIZEHR N7y 27XD D
IS XD HilemAEZR OO TIRCIAiE kD, ZITIOMBIZK>TEL

0.2 0.3 0. § 0. 0.
position distribution [em] position distribution [ecm]
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Sa—AVORMHEERE T Y 7D a—F v DIAD 2 D SR Sk
% Z. Double Gaussian T® Fit Zik# 7z, Reduced Chi Square 7% 1 F2EEIZ 72> T\
%, Doblue Gaussian T Fitting 239 F{ Lo kKR E L Tid PRLZED Mulr 4
MINTASA A6 S 2a—F B LTK 7 v 7235285 72455, stationd T TE 3
JEAI3A (o) SERR S 7 v 7 O (Reaii) 23RS > Tw ko TR kv
EEZ6 N5, UL, 2GeV #HEIE A A v DHIZIX 5 X — P VIRAFLEIRED survival
rate 1% 95% & D . FEEE 1B L 72 sagitta DAEIZZ D F A — 7 RFE TP L 7248 X
Db BRI D% C LA 5, EHEICIEFIHTE 228, EEMWICITFHL 2ok
DBERTH 5,
Z 2Tl zero field run DFHMTO T —F ZH T, ZDWaE21T77% 9,

3.4.6 Fitting DREIL
347 F—HEROFEL

| ‘sagitta_like_phnx_w:sqrt(dg0_x*dg0_x+dg0_y*dg0_y) {(abs(sagitta_like_phnx_w)<1&&arm==0} | sagitta_like_phnx_w:ddg0 _like_phnx_w)<2&
4 %00 3
x x
c c
'&. 800 'Ei 1.
o [
= 7001 =
o 0.5 o
£ 600] £ 0
=) > 0.
© ©
@ ]

500
400
300
200

100

P ISR SR B A i
40 50 60 70 80
sqrt(dg0_x*dg0_x+dg0_y*dg0_y)

0

..30‘..

.“10..”20\.

X 3.24 Rdg0 X 3.25 ddg0
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3.4.8 Tracking B fDERE
Z ZTlE, residula 73 & OASys Z IEMEIZHER 2 72012

| yl2]:phnx_x[2] {arm==0 && abs(sagitta_like_phnx_w)<2} |

300

200— —700
- —1600
100—
C —1500
0 r -
—400
100 300

200

-300

JI|II\II\IIIIIII\

P
200

|

| | PRI | PRI
300

e P
-300 -200 -100 0 100

3.26 1T EAED track IZ beam BTN L TR EHEEIDLD 5,

3.49 Zero field BBAHIRZ fc MuTr QEIE
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3.5 BIRD MuTr ICBIFBD 7 FA KXY M REBE
3.5.1 OASys & Zero field fEHrDEES

] South Arm : the movement of Zero field mean & QASys

o — |~ K
£ q
i E ‘ -
E " dead octant
EE =all D-:tam 4.2 _ )
z-q,m] —_ T it seems to be healthy tracks / dead octant
& - P . Octant 7-1
© - ( + .
£ 200 T/ /
- ’ . L] i i : ;
! ? . 4
u F— é ] { * * ] z L] + i
-200 i _ _ _ i
400— Snuth Arm | EEE]L’C Zdead octant (oct 7-1) ch%'-“QE %E)E{ﬁﬁﬁﬂl‘
~ ﬁﬁTDﬁSys Zero ﬁEldeE‘i“'+2ﬂl[} umTih,
-600[— |- Zeru Feld
~ _C?:J'}"”ﬁﬁﬁﬂﬁégg}ﬂlfﬂ?ﬁldfﬂﬁfbﬁ_ﬂ - |-=- OASys
-800— ' '
_| Ll I L1 1 | L1 1 1 | Ll 1 1 | I | | L1 1 1 I | | I L1 | I T |
0 1 2 3 4 5 6 7 8 9
Octant ID

3.27 south arm correlation

b L OASys & Sagitta T & DHEAMES X 1UE, & Octatn DR KT 2133 C
H BN, BamHom HTHENZE S i, FRIZ North Tl Sagitta #HT O FHlH
Imm LIS H D, T ETHH RIGRI > T3 LidFEZ I, BifTo
Sagitta AT Tl 100um M N OREEIFFHICE R W L2373 LTwa, KFKELT
IZ Sagitta fEHT D event selection b > & ¥ A4 P RFEMICL T, FF v 2L LT IR
ICENORA RV P DOAREIERT 2 00MTH 225, SRNIHETOHIFY D> & (KHT) =
DERP L 7 v 7D chi2 DEVCHERSFHE I 22T oo ENEZI 505, FHH
NTIZIEEICE DR VRERZ T oafiat 2 8O T IR, MEZHE 2139 TH 225,
Run9 Tk Z Dl 2 INE L TR\ T, [ Bk Sagitta @2 & OASys % [FFREE
DIGHECTHHI S 2 DI HEL W,
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South Arm : the movement of Zero field mean & QASys

Rl

-
h
=

correlation foc

Almosthalf Ml % W

 Almost half
pooctant 1D s 2.

-
8 S
| FTTT ] ' TTT

OASys position[um]

I

TTT1

;;-@‘ field D FEBAN B HHE 50 2

| | 11 | I 1 1 11 | I 11 1 | 11 1 | 11 I L1 1

" o -5 iq 400 -200 0 200 400 600 800 1000
Zerof position[um]

3.28 tmp
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North Arm : the movement of Zero field mean & QASys

E gpol_

3,800

&8 [
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3.29 North Arm correlation
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ReCap board DFIFE

S2a—FAVEFIvA—DAM)y FHEITHEL S 70 A F—7#EICOWTIERS, Z
NEFED S 2—F Y 79 A—D7 /) —FEESVPIEFEICT IV T4y 73NTnk
WHIERT S, 2O0RAF—2I1&) S a—F Y Iy A—DMESRIZEMML.
HICS2a—AV b 79 =20 NI T =S AT LOEHENNMETT2EEZLON
T3, 413201 27— TR R b—=7 21T 2570, BHED
7/ —=FA—=FRZ#EY 77074 v 7 %2 0ET 28 fBMeg 2 B L7, A
T, COREEDOHER LRI OVWTHERS,

4.1 Cross talk effect

4.1 The condition of the anode card without capacitors. There are some surface structure
remained of pads. The bottom side pads is GND line and opposite is HV line.

The Restoring Capacitor Clamp board (hereafter referred to as the ReCap Board)
was developed to improve existing anode circuit in the PHENIX muon cathode strip
chambers. Originally, the anode cards were equipped with surface mounted capacitors
which were later discarded because moisture being trapped between them and the
anode cards, and caused frequent high voltage trips. As a side effect of missing
capacitors, the relevant path to the ground for the positive charge generated in anode
wire is lost. As a consequence, the charge finds relatively easy path in adjacent strips
which share the anode wire. This phenomenon called cross talk. Because cross talk
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signal interface with real signal, it will degrade the performance of the chambers. For
this reason, we have developed the ReCap board with non-surface type capacitors to
be used in lieu of the original capacitors. Its structure will be discussed in this paper
whereas the its performance will be addressed in another.

Cathode Strip /
Cathode Strip ,_/
HV >
7 _7/ < Cathode
7 Signal
1MQ
— % % < }b Readout
5000p >2°°p X i <
x‘%wn )e/% =
= Anode Card
Signal
Readout

(Low Impedance)

4.2 PHENIX- & 2 —# U JREFBHIA (Muon Tracker) OBLIR

4.2 Requirement

We reuse the pad which used to be soldered surface mount capacitors, as a contact
target of the new clamp. There are following mechanical constraints and requirements
to be accounted in terms of designing of ReCap boards.

They must be able to be installed within the very limited space between the cham-
bers. Conventional soldering cannot be done, thus electrical contacts between existing
pads and capacitor has to be established without soldering. Any remaining protective
coating must be removed from the pads of the anode card. Its usability should be
reconsidered after 10 years of operation. It must be coated to be protected from mois-
ture. Must not produce dark current on the anode cards. Must to able to withstand
a high voltage bias of 1950V.

With these requirements in mind, the ReCap board has been designed with three
major components. 1 Contact part : This is the part where firm contact is established
with the pad of the anode cards. 2 Print board : This is a base board which mounts
capacitors and shaped like ”comb”. 3 Support structure : This clamps around the
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anode card and hold them together.
Good contact between the contact part and the pad of card is required :

There are residual solder and an irregular surface so that print part must be able
to absorb there bumpy structure by a channel by a channel. Accordingly, this shape
has become like ”comb”.

The support structure is then hold the print board on to the anode card. The print
board is warped on purpose to push the probes onto the anode surface and secure the

contact.

4.3 Contact part

Presently the contact part has two different types of probes. One is conductive rub-
ber type and another is pin type. Followings are described about these performances
and these advantages and disadvantages.

4.3 The three ma jor compornents of the ReCap boad and ”comb” structure of the print
board absorbs channel by channel structure of the pad surface.

- Conductive rubber type -

This type is made of conductive rubber. The rubber can absorb some surface struc-
ture of pads. On the other hand, the value of resistance can be varied depends on its
compression from channel to channel. Although the variety is within the acceptable
range, further disadvantage is that coating must be removed from anode cards before
installing this one.

- Pin probe type -

The probe of this type is made of 1 pin or 4 pins. Its advantage is unnecessariness
to remove the existing coating of the anode cards, because the pin can penetrate the
coatings and contact to the anode cards directly. This type of probe has a drawback.
It may not have enough flexibility to absorb bumpy surface structure of pads unlike
the rubber case.

This pin probe is further classified into two models: one with 1 pin par channel and
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the other with 4 pin per a channel.
- 1 pin type -

This type of probe only makes contact with the pad of the anode card using 1 pin,
which has a lower probability of making contact than the 4-pin probe. It is, however,
safer to use than the 4-pin model which we will describe later.

- 4 pins type -

The 4-pin probe has a higher chance of making contact, but it is suspected that

should one or more of the pins do not, which means these pins are energized but

floating in the air, may act as a corona discharge source.

4.4 contact parts : rubber type, 4-pins type, 1-pin type

4.4 Confirm the contacts

These ReCap board must be coated by insulator in order to be protected against
moisture. The way to be coated is different by the probe type. The rubber type must
not be coated the contacting surface because it does not have penetration power.
Therefore, this type is suspected it may be weak against moisture. In the pin type case
: it has penetration power, so this type can be fully coated. It is enough penetration
power to penetrate oneself coating when it is pressed by the print board. Pin type is
better insulator coating than rubber type.

When ReCap board is installed, these ReCap boards must be confirmed how much
fraction of the channels succeed to contact by a channel by channel. For that reason,
ReCap board is equipped with voltage readout sockets. Plugging in readout cables,
one can measure the finite voltage if the probe is in contact with the pad.

Towards the end of 2010, these prototype ReCap boards (3 pieces/type) have been
installed to the cathode chambers in PHENIX to evaluate the performance. These
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4.5 readout cable

ReCap board cleared the constraints of installation. The major clarifications of the
prototype install are confirming 1) not introduce additional dark current 2) be able
to withstand a high voltage bias of 1950V in the long run. In the result of that test
: Approximately 90% of total channels were confirmed that the electrical contacts
are established. The reason for remaining 10% unsuccessful contact is most likely
originated from the problem in anode card (e.g. missing target pads).

Now, we also confirmed the clamps didn’t introduce new dark current and holds
HV at 1950V. The final optimization of clamp types will be made based on their
performance thru Runll.
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7z, Station-2  DJEZFKLF D MuTr #5220 flight path 12 AR TH4312/00
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DO DBEEDL VTR D, COWRPEHETEI 2 HB D o7, BRI
X % mulitple scattering OFRIFHFEAICALZ D, Z DFER 2 Gaussian Tl
BT residual T Z R TE R VWELOL S 7,

e residual 774 %2 F = ¥ N —DAE (BTG, AR TTIE) 12w THARGRZ
R L 2 A, residual 77AED3E L K MLEMFEZ FFOHMER S L fe, RITE
5 BHICXD, 7T ADE) SHESHD TS 2T L Hh
DMEDBEENNA T A>T LEIDT, ZDL) A 75 v MEMHAE B
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XV ITRETT IR T I VADRER L7V PR LT ET, 800 S 7 v v bE)
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% A
OASYS DIRIE

OASYS data Dttt

1. oasys server T® archive $ssh -Y rsshgw.rhic.bnl.gov : BNL ¥ — N—IZ A%,
$ssh -Y oasys@oasysl.phenix.bnl.gov @ oasys #—/Y—IZ A%

$cd /oasys_storgae/data —&Hi L \» yyyy_mmdd (%l 2010_0516) %7 — & INEER Tl
HAHZaoTtEbonIl tZzni D Hndb DT tar file 32 WLH DI T 5 Z &
$perl tar.pl 2010-0516 Z# T May-16.tar 232 H L 5

2.0asys 7* 5 ccjnfs13 ~DIRIK tar 7 7 A V2K T 5,

$scp May-16.tar kentarow@ccjnfs13.riken.jp:/ccj/w/datab2/oasys

Z DEAEIZIE ssh D key DEXTE DI E

1 KPR OR300 5

3. ccjnfs13 TDREEH cejnfs13.riken.jp 1213\ %

$ssh -Y ccjnfs13 $ed /ccj/w/datab2/oasys $perl tar.pl
BEN7 74V EF 2y T2 L

4. linux2 T peak fit D7z D Batch job(OASys ® RawData 12k L T TIC
fit_ikeda.C #2917 % job) ZE 68 % ccjsun #FFH T linux2 121X\ %, $ed
/ccj/w/r02/kentarow /OASys/

$perl sub_ana.pl j t.bat : ITXRTOF—F —FEICMHL 720w e &

$perl sub_ana.pl — grep 2009_0516 ; t.bat : 20090516 DT —F FZFUBEL 72\ & F
$source t.bat Ny FREAT S

5. FERDOBE) job BWEDL S5 (bques I~¥ FTHERT S L)

$perl mv.pl

6. DELFERD A% dat file 12T 5,

$perl sum.pl ; sum.dat

sum.dat 1Z1% peak fit 17 9 EIZ peak @ mean,mean_err,sigma,sigma_err,chi2 23
output T 5,

$perl sum_stat.pl j sum_stat.dat

sum_stat.dat ([ IEHRALINC it ICH W T — S M FEZAEFN 5,

(Hi2) fit D
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optimize % L 72 WA I HM T fit_ikeda.C Z )7,

root 71

L fit_ikeda.C

t( “7 7 A nfdat” )

ZNT1 774020V T peak fit 2MTbi1 5,

FENTIZFEARIVIC Tree Zfi> T 5 DT, sum.stat.dat Z Tree IZFED 5~ 7 BIZDWT
T 5, cd /ecj/w/r01/ikeda/OASys/ BT 5,

Z DD TreeMaker.C TAJI 7 7 4 )V1Z sym_stat.dat & magnet, HEE. TEHEHRD
774ANTHS,

AN7 7 AVIFHEZDA 7 ) 7 FNEZ W E > TEZ %,

HH7 7ANICDOBTH A7 Y 7 FHET “RECREATE” tHEWTHBZ LA
D root D ZHFZIRAFICLEZ 5,

09 FEEDIRHTD root 7 — ¥ 1% sample_tree2.root TT,

CNDMED oasys BEITDRILD T —8 7 7 A VI ) £7,

INEHioT, WE., B coorelation d 7wy b EED 7,

graph_onoff.C % temp_hum_graph.c % temp_graph.C %,

U2 model fit D=7 BIZOWTHHL £7,

Model fit D=7 vl

/ccj/w/r01/ikeda/analysis_framel027/1C®H b £ 9,

RFTD~ 7 0 framel0.C &> TWE T,

Z#Ud arm,octant, HAMEICE) 22§ 2 L3 TE,

frame 2 A5 % 5 .C IZHEHANIZIZ Run_frame A5 5.csh THIFT 2 &1c%4 b £7,
72 & 213 framel0.C %4> arm,octant, HHIR L Tz W& X, csh
Run_framel0.csh 2947 L £ 7,

T2, ZORRD7 7 A VDBHIEND,

17 7 A NVOEFTZRD 5 DI framel0.C D—FFDIEHITH D EFTDOTIELERIC
TR 2 HEHA TS v,

S DHARDME I o e Sl IcBOEZ BAWVWL £,

s aEWIZHA, arm,octant,dx,dx_err,dy,dy_err,dphiz,dphiz_err,alpha
FDEHRTT,

Ctuddat 77 ANV THT )L TLE 27D TRIC

parameter_analysis \2fE L £ 3,

Z ZTroot IZA-ST

x param_tree.C(AJJ 7 7 4 V44 ((dat), i 7 7 4 V4 (root))
EFTTBEMNT7 7 A Vi oot 7 7 A NDGERL £ T,

RIZ root IZA > THE> 7 root 7 7 A4 V% anal para.C( “AJ17 7 4 V4 (.root)”
nc7uy FMERI NS,

* Map IZ2WT
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Map fEBHD A 7V 7° b 13 ModelCham_CamVect_map.c TH %,

T4 L7 b VIE/cecj/w/r01/ikeda/analysis_framel027/naruya_production T,

Map {EB G AT 7 7 4 VI arm,octant 23 0 origin T

FKHIF® input 7 7 4 )V (camera raw data) SAETH D, Z2D7 1+ —~< v M,

Arm octant cameraNo dx dy

EoTw5, L3032 Map fEH D F = v N—=03F)1{ AJIT7 7 4 Vi

L461-L468 da X v F 7w Pz @EHEHN L TT ),

fEM#RIE L321 Trms D dat 7 7 A V2 iAA L 2 EN 2,

% L T, .x ModelCham_CamVect_map.c( “# X 7 ® raw data” ) TETT 2L~y 7
DBFRIRIN5,
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