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Outline

* Motivation

— STAR W physics and the Forward GEM Tracker
(FGT) program

e FQGT status for Runil3

— Cosmic ray results for RHIC Run 13
— FGT status from runl13 online data

e Summary and Outlook



Motivation

 Asymmetry of unpolarized sea quark distribution function
had been found in Drell-Yan process (p+N — p*p) from

the E866 experiment (800GeV proton interact with hydrogen and

deuterium targets).
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* Other channels?
* How about polarized sea quark distribution?
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W production — unique new probe to measure
quark polarization

* Probing polarized quark distribution via W production.

e-

probing

quark sum (u+d)

probing probing
U quark d quark

polarized
peam

unpolarized
beam

~
) ﬁ W- h

RHIC&AGS meeting 2013 Xuan Li (Temple University)



W measurement at STAR

* STAR A, results and projection. 4, —
PApaWEL X e+ X W
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W measurement at STAR

STAR Run9 Data /s =500GeV

* STARA, results and projection. 4, _
PHpaWEL X et 4+ X W

Measured asymmetries (Run 9) are in 0.6 25 < Er <50GeV
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W measurement at STAR

STAR A results and projection. 4,
Measured asymmetries (Run 9) are in 0.6
agreement with theory evaluations using I
polarized pdf's (DSSV) constrained by 047
polarized DIS data 02 :
= Universality of helicity distr. functions! Tt
Critical: Measurement of W* and W-
asymmeftries as a function ne 0.2
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STAR Run12 + Run13 Projections /s = 500 GeV

PHp+WEL X et 4 X
25 < Er < 50GeV

ln] <1.5 L =250pb~!

1.5 <|p| <20 L=165pb~!
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W measurement at STAR

STAR Preliminary Run 2012

* STAR A, results and projection. AL

- + .
p+tp—> W —e*+v
{s=510 GeV 25 < E; < 50 GeV

Measured asymmetries (Run 9) are in .
agreement with theory evaluations using
polarized pdf's (DSSV) constrained by
polarized DIS data

= Universality of helicity distr. functions! OL"" .
Rel lumi

—l— syst

Critical: Measurement of W* and W- -

asymmetries as a function ne -0.5

Extension of backward / forward ne
—— DSSV08 RHICBOS

—— DSSV08 CHE NLO

acceptance enhances sensitivity to anti-u / -1 DSSVDS LO with Ayt pdlf etror =

anti-d quar'k pOle‘iZGﬁon i 3.4% beam pol scale uncertainty not shown

B Remaining syst <10% of stat errors

= STAR Forward GEM Tracker (1<|ne|<2) T T
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arXiv:1302.6639 lepton
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W measurement at STAR

STAR A results and projection.

Measured asymmetries (Run 9) are in
agreement with theory evaluations using
polarized pdf's (DSSV) constrained by
polarized DIS data

= Universality of helicity distr. functions!

Critical: Measurement of W* and W-

asymmetries as a function ne

Extension of backward / forward ne

acceptance enhances sensitivity to a

anti-d quark polarization

= STAR Forward GEM Tracker (1<|ne|<2) g
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STAR Preliminary Run 2012

p+p = W* —e* +v
{s=510 GeV

25 < E; < 50 GeV

3.4% beam pol scale uncertainty not shown

Rel lumi
syst

Remaining syst <10% of stat errors
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FGT overview - construction
* Forward GEM Tracker - layout

The FGT has been fully installed
in STAR for RHIC Run 13.

It locates in the west side

of STAR, the distance between the
first disk and the IR is 70 cm.

EAA ATt

JJJJJ

Quarter section Disk FGT consists of 6 disks West Support Cylinder (WSC)
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Look 1nside FGT quadrant
* FGT quarter section - layout
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FGT preparation for Runl3

* FGT has been fully installed in * Tune HV and APV parameters
STAR for RHIC run13. with three layers of FGT

o - N qguadrants in cosmic ray test.
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* Trigger scintillating counters not shown
in this picture located above and below
the FGT cosmic ray setup.
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FGT cosmic ray test - residual

* Use the top and bottom quadrants to determine the
projected value for the middle quadrant.

FGT: quad 1A, plane=R, strip=560 Mean 0.0005126

is? o R-plane = i RMS 0.02207
3 E s 22 ndf 76.69/78
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FGT: quad 1A, plane=Phi, strip=720 Mean 1.214e-05
3 s 80 1 RMS 0.0006961
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Assuming all quadrants have same resolution:
Single detector position resolution = Residual at middle quad/1.22 (from simple geometry)

180um residual @ Middle => 150um resolution at each detector
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FGT cosmic ray test - efficiency

* “Good event”: with clean one cluster in R&® of two quadrants and calculate
efficiency for the third quadrant within good trigger area.

e Sensitive to noise at higher HV & low Threshold.
Top-Short “Golden event” Hit Map

= e Reading the short octant

:5; ) Top  Middle Bottom

:: :o 3.3kV 73% 83% 81% - higher thr 76%

3.4kV 83% 88% 78% > higher thr 86%
Z 35KV | 87% | 95% 61% > higher thr 86%

x[1](2]

Efficiency calculated in this area only Default Thr= 4*PedRMS(~40)*3timebin ~ 500
Middle-Long “Golden event” Hit Map Higher Thr = 7 * PedRMS(~40)*3timebin ~ 850

=5
b=

= [
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-20F

-25fF

-30F

26725730 35

Dead HV sector4 ™™

s 'I15.
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FGT cosmic ray test - efficiency

* “Good event”: with clean one cluster in R&® of two quadrants and calculate
efficiency for the third quadrant within good trigger area.

e Sensitive to noise at higher HV & low Threshold.

Top_Short “Golden event” Hit Map Efficiency of FGT quadrant versus HV
10 : - 16 > 1.21
E 14 ‘é N + Bottom quadrant Efficiency
. 12 :;:3 11 [ —h— Middle quadrant Efficiency
-zoi 10 - C —eb— Top quadrant Efficiency
_25; e s 1:_
.302 e I m ™ j - A
5t , 0.9
; : _—
9 o - i
okl x(12] 0.8~ ‘
Efficiency calculated in this area only : .
. . 0.7—
Middle-Longd&olden event” Hit Map ST P P P T B

3 31 32 33 34 35 36 37 38

o Top Middle Bottom
A T e 34kv | 72% | 60% | 70%
A ' ...... 45 Efficiency calculated in whole octant
w g R+ Use the cosmic ray results to decide which
Dead HV secth quadrant for final installation.

RHIC&AGS meeting 2013 Xuan Li (Temple University) 15



FGT cosmic ray test — Gain curve

* Gain VS HV

— Mean 2816 | | FGT Gain curve from Cosmic data |
A U, it | oo
::; \ 3-3k\/ Constant 4560636 | 14000 e e
= o MPV 2421+ 17.7 31S-P 31S-R
= N\l Sigma 810.6 + 8.7 -&- 335P - 33SR
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o . m;_;ﬁﬁ—-—_g—m e e - =&- 33L-P - 33L-R
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i J'O\ \l_L'_Sigma 3000i60'3 _IIIIIIIIlIIIIIIlIlIIlIIIIIlIIlII
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et Wed Nov 28 15:28:28 2012 HV[kV]
Cluster threshold = 4*PedRMS(~40)*3timebin ~ 500
ADC saturate at peak time-bin of peak strip for
~10% of pulses at 3.4kV
~50% of pulses at 3.5kV (but no visible effect on residual yet)
STAR Collaboration Meeting, Xuan Li (Temple Univ.) 16

BNL, 20130225



RHIC runl3 luminosity projection

* Inthe 1.5<|n|<2 region, STAR requested 165 pbrecorded
luminosity (275 pb delivered luminosity equivalent), 2 55%

polarization BHT3 (Mid-rapidity W trigger)
RHIC Run-13 delivered luminosity - p*+p”* Vs =510 GeV § 100‘5
. ——STAR : 80
so0 f TTPHENIX :
=—Max projection N [
— 400 =—Muin projection 40:—
2 [
= =l
-‘g 300 b
E ofar ‘Z3/Mar OG/Apr 20/Apr O4May 18/May 01idun 18iJun
3 EHT1 (EEMC W trigger)
g 100:—
100 i
w0l
: 0 2 4 6 8 1.o 1.2 14 o0l
Weeks in physics [
i
 The online and offline software to
monitor the FGT performance has ;

'.un o HEEEREY SARTTEE FEFTRES FPTTRes FERTR e Fwewwe
099Mar 23/Mar 06/Apr 20/Apr 04/May 18/May 01/Jun 15/Jun

been developed for runl3.
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FGT DAQ monitor from Runl3 data

Full FGT, 3 quadrants disabled One quadrant readout consists of 10 APV

[ Number of good channels per APV | | Assembly 1DA with RDO:2, ARM:1, group:1 |
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The FGT DAQ software can monitor the whole FGT to individual channel.
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FGT performance from run 13 (I)

 HV gain curve (eg. Disk 1)
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* Characterize gain
curve for each
guadrant.

Optimize the
operation HV for
individual quadrant
considering gain, high
leakage current and
etc.
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FGT performance from run 13 (II)
e Different time bin fit

[Graph] [ 7nd 34712 T Tndt 1662712 |  [Graph] 5168712
18 Constant 7561=17886 Constant 9645 = 226.1 4061+ 188.2
: 5773 + 0,05598 5.258 «» 0.03588 : 6.6816 « 0.09976
" 1.225 + 0.04039 0.8854 - 0.03057 "0[, 1.191+ 0.08241
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JRT 1| SEEERYPFPEEE BEPRT SRR

Pulses from

15 time-bins readout

during commissioning:

Fit (Landau distr.)

with:

O 15 time-bins

O 7 time-bins

O 6 time-bins

O 8 time-bins
readout
(Compromise

agains deadtimel)
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FGT performance from run 13 (III)

e Residual calculation

AR Betfore

AR After

A¢ After

014 §ig= 0,043 4A $ig= 0,083
sof- 2A 8ig=0.067.......... 5A sig=0.031.
3A sig= 0.053 % 6A sig= 0.020

s A AN

LMY A o]

82 015 01 -005 0 005 01 015 3

120

100

1A sig=0.017 . 4Asig=0.022
[ 2A'8ig=0.033 . SA sig= 0020
[ 34 sigs 0.025 -} 6A sig=0016

-&2 -015 -01 -005 0 0.05 01 015 8.2

1A sig=0,0008  4A sig=0.0014
60 2K slge0:0012 BA Blg20.0007
[ 3A 519-0 0005 6A 8|g=0 ODOG

-&0000001 0 OOOOMZOOIOOOdO‘(,I i

* Shift up to around 1mm (R) and around 0.5 mrad ()

e Residual ~ 300 um (R) and ~ 1mrad (¢) (0.5 mrad at R=30cm is
equivalent 150 um)

* Results are consistent with cosmic ray test and run12 Cu+Au results.
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FGT tracking status

* With 50k events of run13 p+p 500 GeV data, the differences between the FGT
straight line tracking vertex ( 2, 3 and 4 FGT points) and the TPC tracking vertex.
2 FGT points 3 FGT points 4 FGT points
‘gmof - §1oo: :: g i B
© t60f R s e, | S S S — ° T O100-
o B . _
: 60
af

20
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950 40 30 20 0 0 10 20 30 40 50 950 40 30 20 10 0

Mon May 6 21:26:38 2013 ZFGT'ZTPC [Cm] Mon May 6 21:27:58 2013

II|IIII|IIII1IIII|IIII IIII|III1|IIII|IIII|I1II|IIII|IIII|IIII|IIII|1III
10 20 30 40 50 950 40 230 20 0 0 10 20 30 40 50
ZFGT'ZTPC [cm] Mon May 6 21:29:36 2013 ZFGT'ZTPC [cm]

FGT can reconstruct tracks, the FGT z vertex is correlated with the
TPC z vertex. The offset between the two will be surveyed.

* Further developments of FGT tracking to find W candidates are
ongoing.
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Summary

* STAR runl12 W A preliminary result suggests a
large anti-u quark polarization.

e Successful assembly and installation of the full
FGT (six disks) for run13.

— Online and offline tools to characterize the FGT
readout/gas/HV have been developed.

— Run13 online data show consistent residual results
in runl12 Cu+Au data and cosmic-ray tests.

— Efficiency in fiducial, fully working area is about
90% from cosmic-ray tests.



Outlook

* Tracking using the FGT together with STAR TPC
and EEMC which is essential for the charge sign
separation is under developing.

* The FGT is planed to be taken out from STAR and
moved to Temple University in this summer for
repair and test. This includes FEE debugging and
tuning, detector repair, beam test and etc.
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RHIC&AGS meeting 2013

Backup

Xuan Li (Temple University)

26



Residual calculations with Runl12 Cu+Au data

* With straight line tracking, calculate the residual
before alignment.

- 1B sig= 0.030 4B sig= 0.066 - 1B sig=0.0007 48 sig=0.0007

SO 28'sig=0.040 T 5K sig= 0.044 70F-28 8ig=0.0010 i 58 gig=0.0099

sof- 22 21970.098 (|| [ |1, 8Bsig=0029 eof->B51970.0008 & |5 .....6Bsig=0.0006

PR S S 1.1 Jl _______ "
b P o

20:_ ....... — : \, o S—

:
S

92 045 01 005 0 005 01 045 02 0 0.002 0.003 0.004 g.0ps
dr +]

10:_ -

 Before alignment, residual in Ris ¥ 300um and ~ 1mrad in ¢.
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Residual calculations with Runl2 Cu+Au data
* With straight line tracking, calculate the residual
after alignment.

4 ) [ —T YT —r—— T — §0 [rr—ryr——— Yy Ay,
1B sig= 0.024 4B sig= 0.040 ~ 1B sig=0.0010 4B sig=0.0010
. 2B sig= 0.025 5B sig= 0.026 " 2B sig=0.0015 58 sig=0.0011
80— | | 6B sig=0.021 401 \ THIT T 68 'sig=0.0008
60} 3 30—
a0~ 20~ (1)
20 ; 1oL ; :
g ’ N 7
Dl 11.1 ;—J‘ Lo 11 1 1 g 2 3 : V"ﬂ.‘ sE=wn "_ B! ~ - 4/ L 3 -h.‘ R
92015 01 005 0 005 01 015 dg.z .0005-0.004-0.003-0.002-0.001 0 0.001 0.002 0.003 0.004 ggg:,

 Offsetin Rgoesupto~ 1mmand ~ 0.5mradin ¢.

* With helix tracking, residual in ¢ goes down to ~0.5mrad

(0.5mrad@30cm = 150um). Cu+Au data result is consistent
with cosmic ray test result.
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