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Motivation
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Quark & gluon orbital
angular momentum

Gluon contributions

Well known combined quark
PDFs by polarized DIS
experiment.

SIDIS sensitive to flavor
separated quark and anti-quark
PDFs

— Limited by large uncertainties of
fragmentation functions



What and How to Measure?

* Single Spin Asymmetry: A(x,Q%) =

o -0

o " +0”

* Semi-Inclusive Deep Inelastic Scattering (SIDIS):

A’lt(l" QQv z) =

ud = a7
ud — 1

us = K*
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Aq(z, QDD (2, Q%)

Flavor
tagging

> ¢ g (@ Q) Dz Q)|

Fragmentation
Functions (FFs)



W Measurement in polarized p+p collisions

* High scale set by W mass
 Maximum parity violation of
weak interaction.
—> Fixed helicity of incoming
qguark and antiquark.

uLaR — W"

AW"' _ Ad(x Ju(x,) - Au(x, )d(xz) dL l—J.R W
L d(x))u(x,)+u(x,)d(x,)

AW‘ _ Al_l(Xl)d(X2) — Ad(xl_)u(xz)
L u(x,)d(x,) +d(x,Ju(x,) * Direct probe of the flavor-

- Independent from FFs

separated PDFs Au,Au,Ad,Ad
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W Measurement in polarized p+p collisions
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Quark flavor mixed
at mid-rapidity
Sensitive to anti-
quark polarization
at forward/
backward
measurement
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Polarized p+p data @ RHIC

* Longitudinally
polarized p+p data

taking 2009 - 2013 at

Vs =510 (500) GeV.

 Accumulated data
over 300pb*
(multiple collision
corrected)
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W Measurement @ PHENIX

W is massive (~ 80 GeV)
Short lifetime; observed by its

lepton decays - Measure electrons at mid-rapidity

Measure muons at
forward/backward
rapidity

probing
quark sum (U+d)

probing
u quark

probing
d quark

polarized
beam

unpolarized
beam

proton proton
collision zone



PHENIX Central Arm Detector

‘ PC3

PC2

dnlz

Central
Magnet TEC

TOF-

Aerogel

Measure W 2> e
In] <0.35 West
Ap=n

Electromagnetic Calorimeter

DC and PC for tracking and charge separation

Beam View
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PHENIX Forward Arm Detector

Inclusive 1 Production, 500 GeV/c
 Forward upgrade
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18.5m= 60 ft
* 1.2<|Nn| <24, AP =IN s

* Fully upgraded in 2012
*  MuTr, MulD
* High-p; trigger:
small bending in magnetic filed
+ timing (BBC / RPC)
* RPCs, FVTX: Additional BG rejection



P, projection -1.0< 11<1.0 |

W Kinematics
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e Different kinematics at mid-rapidity and forward

rapidity

e Jacobian peak is only visible at mid-rapidity

* Different analysis approach to identify W

0 5 10 15 20 25 30 35 40 45 50
|

Py
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Mid-rapidity Measurement

Background:

— Photons from neutral pion/eta decays
followed by e* pair production

— Cosmic rays
— Beam related backgrounds
— Z, charm and bottom, other W decays

Reduce background and estimate
contribution between 30 and 50 GeV

- Measure high pT electrons using EMCal
- DC-EMCal matching (Ag < 0.01 rad)

Relative isolation cut:
— Main background discriminator

— Energy in a cone of R=0.4 divided by
energy of the candidate

— reduces background by a factor of 10

— RHICBOS W+
FONLL c+b max (MC)

PYTHIA Z°1y >e*
PYTHIA W+-1*e*
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Gaussian Process Regression

Simulated data

10 —

10° B

102:—

e Use background control region to extrapolate a shape in
* The GPR will give a background contribution and

* Cross check with a classical functional form (modified
power law) showed good agreement

the 30 to 50 GeV region

uncertainty

Simulated data
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P+ Spectra

":E 5 a) —+- Data |b) Uncertainty in |
S 10°F — Jacobian peak with¥ background 5
) . GPR fit ¥ WY Z—e* ]
S — Background Z —e'e
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Z
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(data-fit)/o

10 20 30 40 50 60 10 20 30 40 5060
p$ [GeV/c] p$ [GeV/c]
Fitting with simulated Jacobian peak and GPR background shape

Estimate the signal-to-background ratio in the signal region (30-50
GeV)

97% (94%) of positron signal remains for e* (e)
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Forward Rapidity Measurement

Real muon background:

- Open heavy flavor,
quarkonium, DY/Z

- Get smeared into high pT
region

Looking for W at pT > 16 GeV/c

Large Hadron BG contamination:

low pT charged kaons, pions.

Careful signal identification
required.

dofdp, [pb/GeVic]

u pt
g —Wopu g —_—W o
%’ —Woton % —_—Woatou
gﬂ)z = W - had -1 %102§ —W - had >
s ZDY > u s F ZDY -y
s‘ —— quarkonia 3 I~ -~ quarkonia
-8 10 open charm 8 10 open charm
- open bottom F = open bottom
- direct y N —— direct y
_ -~

10 20 30 40 50 60
p. [GeVic]

South Negative

North Negative

50 60
P, [GeVic]

T

do/dp_ [pb/GeV/c]

50 60
P, [GeVic]
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Background reduction

Multivariate analysis using likelihood approach
Signal purity < 1%: use data as background shape at the initial stage

Define likelihood ratio (Wness) based on signal (MC) and BG shapes
(data):

Asig (X) 2 = p(DGO,DDGO)p(chi2, DCAr)
)\’sig (X) + A’BGs (X) p(RPC_DCA)p(FVTX _match)p(FVTX _cone)

Wness =

WA Hd il
>
3
WEmalZod yeeids

— Data




Normalized Yields
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Background reduction

 Multivariate analysis using likelihood approach
e Signal purity < 1%: use data as background shape at the initial stage
e Define likelihood ratio (Wness) based on signal (MC) and BG shapes

(data):
A (X
Whness = i (%)
A’sig (X) + A’BGS (X)
W s Distribution
0% Background wness
10 % Signal wness
1k
3
A |

—
Q

(T TTTTT

ol b b b by b by b Ly aag
01 02 03 04 05 06 07 08 09 1

ness

o

wness =2 1: signal-like event

wness {

wness =2 0: background-like event

-

==,

I\Efﬁdency(fmm) = fj-
B 0

Hadrons
openchan‘n
nboltom
Y
—_— W

(wness) dwness

(wness) dwness

L1l | L1l I L1l | L1l | | L 11 | L1 1l | L1 1 | L1l | 1111 I Ll 1l
0 01 02 03 04 05 06 07 08 09 1
min W likelihood ratio
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W Signal Fit

sin(0) x dezs

* After the pre-selection, perform |
2D unbinned maximum
likelihood fit in independent ] =
variables: rapidity, effective stz U
bending angle (dw23)

© < 200F

S - . o -

S 140 2.5 <1 <-1.1:u" candidates 2

5120— JLdt=277.1 pb’ g

§ 16 <p_< 60 GeV/c §150 .
i B S/B ratio:

-
o
(=}

7

~30%-50%
depending on
the arm/charnge

100

50




A, Results

arXiv:1504.07451v1 [hep-ex]
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* Mid-rapidity results has been recently submitted to the arXiv
— included in the recent global analysis
* Preliminary results at forward/backward rapidities

* Mid-rapidity and forward rapidity results show good agreement with theory
predictions

* AL at backward rapidity tends to be smaller/positive
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A, Results
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* Mid-rapidity results has been recently submitted to the arXiv
* Preliminary results at forward/backward rapidities
* Mid-rapidity and forward rapidity results show good agreement with theory
predictions
[ ]

AL at backward rapidity tends to be smaller/positive

20



]

(@]

c

®

S

e}

o

o

£

@

(9]
-1.0<n<1.0
-0.35<1<0.35
1.1<m <25

o(pp—W*)x BR(W— F) total cross section
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—— CHE
STARW—e
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preliminary
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Cross Section Results

W—u North arm

I:I Acceptance
I:I Z admixture
10—

- I:I Charge reconstruction efficiency
| I:I Relative accptance
8 - lumi scale
- 1 - reference run

Trig effi
of- —
B - Pepsicheck
[ swse0
- Smearing

QO sum

2 - I:I Total systemtics

I R P TR |
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1 P
150

200
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Contributions to systematic
uncertainty for W>u

* Cross section for the W—>e using 2009 data (Phys.Rev.Lett.

106:062001)

* Preliminary for the W—>u using 2013 data: consistent with
prediction within large systematic uncertainty



Summary

* W cross section, single spin asymmetry A, are

measured using all available data collected at
PHENIX

* Mid-rapidity measurement (W—2>e):
— Final A result has been submitted to the arXiv

— Work in progress on the cross section measurement
using 2013 data

* Forward rapidity measurement (W= u):
— Preliminary results

— Ongoing analysis efforts to reduce systematics
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W measurement

(a)

—’LL+(1!1)(17-(_.’132) — (—u— (:LQ)J(J:g)
uT(x1)d(z2) +u=(z1)d(x2)

2

B dt (z1)u(xe) — d~ (z1)u(xs)

) = — _
aj(xl)W v dT(xz1)u(ze) + d=(x1)u(zs)
u(x) r [

[




PYTHIA: x1, x2
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W Trigger System

Resistive Plate Counter
(RPC) (O segmented)

Trigger events with straight track

(e.g. Astrip <=1)

Station3

Station2

Stationl

/

\
I

' Level 1 Trigger
RPC >| Trigger >
FEE Board
- A
MuTRG
Amp/Discri. i  Data ,
Transmit  : Merge Trigger
(o) ll - . ]
Sibu MUTRG | [ || MuTRG
ADTX | 1.2Gbps MRG
) }rigger
— i RPC / MuUTRG data are
95% I\gggr _H """ > also recorded on disk.
(0] an
Interaction Region Rack Room 26
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Event selection and ba_sic cuts

Select high EMCal clusters 11% qmmmap

. +DC match
Match to DC tracks -
Reconstruct the z vertex position

Remove problem areas in the DC -

Remove tracks that have avery = %W:;""“"h
small bending angle to increase ™ o
p U rity 105 . + |DC alpha |>0.001

SR
0 10 20 30 40 50 60 70 80
p:i [GeV/c]



C. Gal

Gaussian Process Regression

* When functional form is not known apriori

e Shift focus from prior knowledge over parameters
to prior over functions (with some minimal

constraints)
—(z —2')°
212

k(x,z") = O-Qf exp ! ] +026(x,z')

e Correlation function encodes how much each data
point influences the neighboring points

 Hyperparameters are determined through
minimization over data



Function Extraction

All sampled functions

I|[III|IIII|IIII|IIII|IIII

o
|\|§|‘I\I\|\I\I‘I\I\‘HH

==
t

 Sampling over these functions and filling a 2D histogram (as on the
right) will give a Gaussian distribution for each prediction point

* The mean of the Gaussian distribution is the prediction and the sigma
is the uncertainty

 The GPR we use does this mathematically through the equations |
presented in the PWG and in the Group meeting but basically this is
the only way | can think of to present this information in a couple of
slides

5/19/2014 PHENIX W->e




Trigger Efficiency

TR < PHENIX physics tri >
1. Scanned contributions of each physics triggers

30

. . . . . Trigger bit Name
trigger combination within the 0 BBCLLI(> 0 fubes)
1 BBCLL1(> 0 tubes) novertex
2 ZDCLL1lwide
muon data 3 BBCLL1 (noVtx)&(ZDCN|ZDCS)
4 BBCLL1(> 0 tubes) narrowvtx
. 5 ZDCNS
South p South p* 6 ERTLL1 4x4b
oF :::nzs =bnzs 7
bit 18, 26 bit 18, 26 8
S e : Used all muon arm
40 bit 18 bit 18, 19 = = E
= = o triggers to maximize
30| 12 . .
20) 13 Statl SU CS
N 14 MPUCXERKI_ZXZ
15 (MPCS.C & MPCS.C & MPCN.C)
12 14 16 18 12 14 16 18 16 ((MUIDLLl_N2D||S2D)”(NlD&NzD))&BBCLLl(DOVtX)
i i 17 (MUIDLL1 N1D||S1D)&BBCLLI(noVtx)
North North u* 18 (MUON S_SG1&MUIDLLI S1D))
(MUON_N_SG1&MUIDLL1 N1D)&BBCLLI (noVtx)
19 MUON_S_SG3&MUIDLL1_S1D&BBCLL1(noVtx)
20 MUON_N_SG3&MUIDLL1 N1D&BBCLL1(noVtx)
21 (MUON N _SG3&MUIDLLI N1H)]|
(MUON_S_SG3&MUIDLL1_S1H)&BBCLL1(noVtx)
22 MUON_S_SG3&BBCLL1(noVtx)
23 MUON N_SG3&BBCLLI (noVtx)
2 MUON_S_SG1&BBCLL1(noVtx)
25 MUON N_SG1&BBCLLI (noVtx)
12 14 16 18 2 22 24 286 12 14 16 18 2 22 24 28 26 MUON_S_SGIRPCS_lAlIB C&BBCLLI(HOVtX)
k- o 27 MUON_N_SG1_RPC3_1_A|[B|C&BBCLL1(noVtx)




Trigger Efficiency

2. Measure the trigger efficiencies

< PHENIX physics triggers >

. . . . Trigger bit Name
for each trigger combination using 0 BBCLLI(> 0 tubes)
1 BBCLL1(> 0 tubes) novertex
. 2
electron trigger samples T ——
5 ZDCNS
- 6 ERTLLI 4x4b
South H 7 ERTLL1_4x4a&BBCLL1
8 ERTLL1.4x4c&BBCLL1(narrow)
| % muon i | ERT trigger samples 9 ERTLL]. _E
} muon trigger fired | muon candidates | ERT trigger samples 10 ERTLLI_E&BB CLLl(narrow)
11 CLOCK
10° - 12 MPC B
- 13 MPC_A
B 14 MPC_C&ERT _2x2
15 (MPCS_C & MPCS_C & MPCN_C)
L 1 16 ((MUIDLL1-N2D||S2D)||(N1D&N2D))&BBCLL1 (noVtx)
‘ 17 (MUIDLL1-N1D||S1D)&BBCLL1(noVtx)
i ‘ 18 (MUON_S_SG1&MUIDLL1 S1D)||
! (MUON_N_SG1&MUIDLL1.N1D)&BBCLL1 (noVtx)
102 19 MUON _S_SG3&MUIDLL1_S1D&BBCLL1(noVtx)
- 20 MUON _N_SG3&MUIDLL1 N1D&BBCLLI (noVtx)
- 21 (MUON _N_SG3&MUIDLL1 N1H)]|
i (MUON_S_SG3&MUIDLL1_S1H)&BBCLL1(noVtx)
i 22 MUON_S_SG3&BBCLL1(noVtx)
ﬂrk 23 MUON N _SG3&BBCLLI1(noVtx)
24 MUON _S_SG1&BBCLL1(noVtx)
L] ‘ L] ‘ L] ‘ L] ‘ 1111 ‘ L1 [T L1 ‘ L] ‘ L1l 25 MUON—N-SGI&BBCLLI(HOVtX)
0 01 02 03 04 05 06 07 08 09 1 26 MUON_S_SG1_.RPC3_1_A||B||C&BBCLL1(noVtx)
wness 27 MUON N_SG1 RPC3_1_A||B|[C&BBCLL1(noVtx)




2. Measure the trigger efficiencies
for each trigger combination using

elect

09
08
0.7
0.6
05
04

0.3

o

Trigger Efficiency

ron trigger samples

South w

< PHENIX physics triggers >

32

Trigger bit

Name

BBCLL1(> 0 tubes)

= o

BBCLL1(> 0 tubes) novertex

Electron / photon triggers

ZDCNS

ERTLL1_4x4b

ERTLL1 4x4a&BBCLL1

T

7+I11'1|'1171r]11'1r]171r11Y1Y‘[var‘[erv

1771[1’771’[11’

ERTLL1.4x4c&BBCLL1(narrow)

ERTLL1 E

ERTLL1.E&BBCLL]1(narrow)

CLOCK

MPCB

MPC_A

MPC_C&ERT 2x2

(MPCS.C & MPCS.C & MPCN_C)

((MUIDLL1 N2D||S2D)||(N1D&N2D))&BBCLLI (noVtx)

(MUIDLL1 N1D||S1D)&BBCLLI(noVtx)

(MUON S SG1&MUIDLLI S1D)]|
(MUON N _SG1&MUIDLL1 N1D)&BBCLL1(noVtx)

MUON_S_SG3&MUIDLL1_S1D&BBCLL1(noVtx)

MUON_N_SG3&MUIDLL1 N1D&BBCLLI(noVtx)

(MUON_N_SG3&MUIDLLI N1H)]|
(MUON_S_SG3&MUIDLL1_S1H)&BBCLL1(noVtx)

MUON_S_SG3&BBCLL1(noVtx)

MUON _N_SG3&BBCLL1(noVtx)

MUON S_SG1&BBCLLI(noVtx)

0.2 0.4 0.6 08 1
wness

MUON_N_SG1&BBCLL1(noVtx)

MUON S SG1 RPC3_1 A||B||C&BBCLLI(noVtx)

MUON N _SG1_RPC3_1_A|[B|[C&BBCLL1(noVtx)




Trigger Efficiency

3. Calculate the total trigger

< PHENIX physics triggers >

fﬁ . f | | R Trigger bit Name
0 BBCLL1(> 0 tubes)
e C I e n Cy O r a t rlgge r 1 BBCLL1(> 0 tubes) novertex
. . 2
combinations : Electron / photon triggers
5 ZDCNS
6 ERTLLI 4x4b
L 7 ERTLL1 4x4a&BBCLL1
€total — €trigger X f trigger 8 ERTLL1 4x4c&BBCLL1(narrow)
g9 g9
- 9 ERTLLI E
trigger 10 ERTLL1 E&BBCLL1(narrow)
g9
11 CLOCK
12 MPC B
13 MPC_A
14 MPC_C&ERT 2x2
Arm Charge €total 15 (MPCS_C & MPCS.C & MPCN.C)
: 16 ((MUIDLL1 N2D||S2D)||(N1D&N2D))&BBCLL1 (noVtx)
South Negatlve 0.450 £ 0.016 17 (MUIDLL1N1D||S1D)&BBCLL1(noVtx)
11 18 (MUON S_SG1&MUIDLL1 S1D)||
SOU‘th POSltlve 0'463 + 0'015 (MUON_N_SG1&MUIDLL1 N1D)&BBCLL1(noVtx)
: 19 MUON S SG3&MUIDLL1 S1D&BBCLLI(noVtx)
North Negatlve 0.573 = 0.019 20 MUON_NSGS&MUIDLLINID&BBCLLI(I;;Vt):c)
North | Positive | 0.557 = 0.016 § e S o

(MUON_S_SG3&MUIDLL1_S1H)&BBCLLI(noVtx)

MUON_S_SG3&BBCLL1(noVtx)

MUON _N_SG3&BBCLL1(noVtx)

MUON_S_SG1&BBCLL1(noVtx)

MUON_N_SG1&BBCLL1(noVtx)

MUON S SG1 RPC3 1 A||B||C&BBCLL1(noVtx)

MUON N _SG1_RPC3_1_A|[B|[C&BBCLL1(noVtx)
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dw23 for Hadron Background

2D model of dw23-wness

p(wness,dw23) = p(wness) - p(dw23 | wness)




35

dw23 for Hadron Background

2D model of dw23-wness

p(wness,dw23) = p(wness) p(dw23 | wness)

/

- Fit model: Coaxial double gaussian
- Vary parameters linearly

e
5 3 3 8 8
T T T T T

v 5 3 8 8 B 2 & &
LA B A AN AN A I MR |

Slice of dw23 distributions
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dw23 for Hadron Background

2D model of dw23-wness

p(wness,dw23) = p(wness) p(dw23 | wness)

South Negative

0.025

0.02f

2D fit result *F S Extrapolate the fit

function to the

0.015f

o target wness region.  *"
02 0.005f
ol L) %

wness



Muon Background Estimation

* Real muon background is fixed in the signal fit
* Muon background is estimated by di-muon events

Invariant mass (real collision data)

I d" 104;— g&.
10°E §% Unlike-sign muon pairs (utw) - 2%
§ ,‘0 10° = : %
10 g_: '"L:-. Combinatorial background - . "
. %% from like-sign muon pairs ) *’1}”’&”
K + oo C
107 "/ L
: +++++” A Z>1o fﬁy
f it ++++ 1=
105_ }L + -+- _+_ E - T
E ﬂ <‘> +ﬂ‘>_"_ 10 ;_ s
e + -
:I 1 1 | | 1111 | 1111 | 111 1 | 111 1 i Il 11 1 i | 10—2 :_I 11 1 | 111 1 | 111 | | | II_I‘T 1 1 | | 1111 | |
0 5 10 15 20 25 30 0 5 10 15 20 25 30

mass,_ [GeV/c?] mass,_ [GeV/c?]
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Muon Background Estimation

Muon background: Open heavy
flavor, quarkonia, Drell-Yan/Z

Various muon background
processes are combined together
before constructing probability
density functions.

Relative contributions = scale
factors.

Process Scale factors

J/U + ¥ 0.317 £ 0.016

Open charm 2.605 £ 0.817

Open bottom 1.983 + 0.934

T(1S + 25 + 35) | 0.437 £0.093

Drell-Yan /Z 1.112 £ 0.446

MU1D South MU2D1D South




Single Spin Asymmetry

Corrected Single Spin Asymmetry:

A

I N" =N~

| P

PN"+N~

X

Background does not have

1.0+ E asymmetry, but dilute the signal

SIG asymmetry

Both beams are polarized 2 measure independently and combined

South, Negative

South, Positive

_Events

'3:‘1
175

North, Negative

North, Positive

++
in Pattern

180}~
178}~
178f-
174}~
1r2f-
7o
169)
1
-+ +

Ny =o0oLyy (14 AP Pg + AYHovYp, L A1 PP,
Ly (14 AP"Pg— A[“Py — A P\ P,

N_, =ooL_, (1 ABwepy 4 pYelowp, 4, p P,

N e S S

=ooL__(1— AgluePB — A}J’ellowpy + AP Py

N ,=0,+ac" +Bo, """ +afo,,
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Single Spin Asymmetry

Corrected Single Spin Asymmetry:

A

_IN'-N°
PN"+N~

L

X

BG

1.0+—

SIG

Background does not have
asymmetry, but dilute the signal
asymmetry

Both beams are polarized 2 measure independently and combined

South, Negative South, Positive
uv'u—
Vii\l
175)
+4
Spin Pattern Spin Patiern
North, Negative North, Positive

180}~
178}~
178f-
174}~
1r2f-
7o
169)
1
-+ +

0.32

0.3

0.28

0.26

0.24

0.22

0.2

0.18

H
)
I

—x— Normalized Yield for Signal

—6— Normalized Yield for Background
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MuTr position resolution

* Using the cosmic data
- Measure momentum for
incoming and outgoing tracks

- Compare data with MC
- Noise RMS to be tuned

: - : . 80— »
£ | = % ,,
— — I",..l‘ / /" /
E . a . \
C jf E o ) é {’ Jf [ " /,
3 { 3 { \ o/

. | \ /

QQQQQQQ
““““““““““““““““““““““““““““““““““““““““““““““““
s (Gevic) (GeVrc) ) | N
. 06 08 - 1 14 16




42

Cross Check of the Fit

* Create a trial data set entirely of simulation.
* Signal, background contributions are known prior.
e Estimate the efficiency of the method used
— predict possible over/under estimation
— take the relative difference as systematic uncertainty

N
o
o

I T

0 % 300 +
s L S ¢
S B < - —8— Data
;1D prejection y?/ndf: 4.41 fggg)&'gtion ¥3Indf: 3.47
= T C —— Fitting Total
3 150 :F: p, < 60 GeVic 5 u
+ 200~ e WHZ > 1
+ L — 1 BG

100 1501

=== Hadronic BG
100F
50 :
50F




A

Systematic uncertainty sources:

L
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Systematic Uncertainty

CIN'-N

_EN++N‘

- S/BG Fit
- Trigger efficiency correction

X

|

1.()+E

SIG

|

- Muon background

- MuTr position resolution

Raw asymmetry

Dilution factor

70000—

60000—

20000

10000—

ST SN
-1 -08 -06 -04 -02 0 02 0. 6 08 1

o I T T N T, L
2 03 04 05 06 07 08 09 1

Corrected asymmetry

35000

30000

25000

20000

15000

10000

5000,

0.3415%
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Simulation Tuning

* Produced W/Z signal and various background MC
simulations to support the analysis (PYTHIA +GEANT3)

* Rate dependence of detector performance:

MulD Gap Hit Efficiency

590.9 /288

22/ ndf
1= .. | PO 1.02 + 0.003307
{ pi -0.06959 = 0.001391
0.8 A
0.6—
Observed degradation of hit
041~ efficiency as collision rate
increases
0.2—
N N RN S RPN SR R P
GO 0.5 1 15 2 2.5

3 3.5 4
BBC Rate[MHz]

MulD detector hit efficiency

=« U N MR 24 NP T R TTL P R
0'8.5 055 0. 0.65 0. 0.75 0. 085 09 095 1
Plane Efficiency

| |

MuTr detector hit efficiency
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L DHpoOWE+X > ef+ X

04F STAR /5 =500 GeV

02F
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