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Executive Summary

* The first p+p 510 GeV BEMC Calibration (preliminary) at STAR is completed using STAR
run 2013 data.

* Conventional single tower method was used for E / p calibration to obtain gain constants.
A second method was developed which requires some further studies and will not be
used for now concerning a preliminary result for W AL 2013.

 Run 13 period 1 gain constants are on average ~4% larger than run 9 gain constants and
~95% larger than run 12 gain constants.

* Run 13 period 2 gain constants are on average ~2.5% larger than period 1 gain constants.

» Consistency check is done between low-energy calibration probes (electron E / p) and
high energy probes (Z / W).

* Prelim. Run 13 BEMC calibration concluded with 3% systematic uncertainty for period 1
and 2% systematic uncertainty for period 2 : Overall assignment of systematic uncertainty
of 3% for Run 13.

* Analysis NOTE is ready and will be sent to the list soon.
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Motivation - Z mass shift
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Motivation - W - Jacobean Peak
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Procedure

, , , 0.264(1+0.0561°)
Vv C . =
Relatl e Callb rathn relative ADCMIP Sin (6)

« Produce MIP ADC spectrum for each tower.

« Fit with appropriate Gaus*Landau (a function which best describes the MIP energy loss and MIP
statistics in the tower) to obtain characteristic ADC value (mean, rms) for each tower.

« Calculate Crelative using above formula for each tower to feed in to electron analysis and do a MIP QA
to tag bad towers (Towers with low statistics, low ADC, large spread between fitted mean and

histogram mean, ...).

_ Crelative
Absolute Calibration Catsone = < ?>
P

» Obtain electron E / p spectrum for group of towers (eta ring-by-ring).
- Fit with appropriate Gaus+exponential (a function which best describes signal and BG) to obtain
<E / p> per ring.

» Calculate Cabsoulte using above formula for each tower to obtain gain constant.
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Relative gain calibration using MIPs

MIP - analysis cuts

Run 13 BEMC ca

Vertex Rank > 1e6
lvertex-ZI < 30 cm
only one track per tower per event

Track momentum > 1 GeV/c
(ADC-ped) > 2.5 ped RMS
Track must enter and exit the same tower

Neighboring tower 1n 3x3 cluster adc-pedestal < 2
pedRMS
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Relative gain calibration using MIPs

Typical MIP ADC distribution
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Relative Calibration - Results
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MIP mean comparison
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E / p Calibration

e \We consider all tracks of a triggered event regardless if
the event was fired by an electron or any other particle
or jet or high energetic photon.

o
o*
3

* Project track to a tower (Central tower) and require that
no other tracks fall into a 3X3 array around the central
tower and that this central tower yields the max. energy

of all towers for the respective 3X3 array.

* Energy is corrected using correction factors obtained S

using GEANT simulations based on tower track AR.

»
N *
---ﬁ-".

Typical E / p distribution with a Fit
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E / p = corrected single tower E
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e Gaussian fit to signal region
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200 e Exponential fit to background
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Electron Analysis Cuts

* Vertex Rank > 1eb6
e lvertex-ZIl < 30 cm

- only one track per tower
per event

* Track momentum > 1.5
GeV/c

 Track nHits > 25
* (ADC-ped) > 2.5 ped RMS
* 3.5¢-6 < dE/dX < 5e-6

- Exclude -1 < nSigmaPion
<3

12
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* Include -1 < nSigmaElectron
<2

« MIP status and offline tower
status 1s 1

» Tower/Track (TDR) dR < 0.02

* Track must enter and exit the
same tower

* Center tower 1n 3x3 cluster
doesn’t have tracks in
neighboring towers

» Maximum Energy must be
deposited in the central tower.



Trigger Option
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JP2->didFire() BHT3->didFire() BHT1->didFire()
No significant momentum dependance. Include in the momentum, P < 3 Exclude from the analysis due
Include in the momentum range GeV in order to avoid trigger to significant momentum
available, [0-10] GeV. threshold effect dependance of E / p
1.4
: 1 BHT1
e Both HT and non HT, available trigger options 13[ BHT3
were considered. - £ JP2
e E /p value shows significant momentum 12 .
dependance for HT trigger. o - &
. e ++
e Therefore, BHT1 trigger events excluded fromthe . .
analysis. Uy e 4 o
* BHT3 triggered events considered for momenta [ ™ DebIieS *tt+++ '
below 3 GeV - T,
D e R R
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E / p Fit Results
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Mean E / p from the fit per eta ring
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Absolute Gain Comparison
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Check of consistency of calibration

at low energies (0-10 GeV) with high
energy probes (Z/W) (30 -70 GeV).

e / Invariant mass

e \V Jacobean peak

17



Run 13 Z invariant mass
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W - Jacobean Peak Shift
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Systematic Errors - Summary

Systematic error:

Systematic Error Value

Systematic Error Value

Period 1 Period 2
1 Trigger bias 1.4% 1.2%
2 Low Momentum cut 2.2% 1.1%
3 Tower track AR cut 0% 0%
4 Time dependance 0.8% 0%
5 Luminosity (ZDCx) dependance 0% 0%
6 Crate dependance 1.2% 1.2%
Total (quadrature) 3.0% 2.0%

Run 13 BEMC calibration summary - Spin PWG - 07-11-2016 -Devika & Jinlong

20




1 Systematic Errors - Trigger bias

* Impact on E/p from HT and non HT trigger events.

e Consider 3 different scenarios, take <k / p> over all the Eta rings.
1.0nly non HT trigger events : JP2->didFire(), (0<P<10) GeV : <E/p> =R,
2. Only HT trigger : BHT3->didFire(), (0<P<3) GeV : <E/p> =R,

3. Both nonHT and HT (this is the trigger option used for the E /p calibartion) : JP2->didFire(),
(0<P<10) GeV || BHT3->didFire , (P < 3) GeV : <E/p> = R3 =R, causre0

e Consider the largest difference between R, _.....g @nd Ri s as the uncertainty from trigger scheme

0.95- N
0.945 f— Run 13 - Period 1 0.95 :_ Run 13 - Period 2
0.94F -
— R; =0.9336 __
0.935 - 0.94- R; =0.936
~ E Rm eeeeee d = 0.9298 E B I R = 0.929
e 0.93 :_ 3 0.93 __ measur:d - V.
0.925— —
- 0.92 — R>=0.918
0.92— — i
- R: =0.9156 _
0.915— ¥ 0.91 :_ . .
E | Systematic uncertainty - Systematic uncertainty
0.91— — o
- =14 % o -12%
0.905— —
= | | | | | | | = | |
0.9 1 1 1 L1 1 1 1 1 1 L1 1 1 L1 1 1 L1 1 1 L1 1 1 L1 1 1
0 Trigger Option 1 Trigger Option 2 Trigger Option 3

Trigger Option 1 Trigger Option 2 Trigger Option 3
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2 Systematic Errors - Low momentum cut

1.05
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e e PV '
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0.9
0.88 Systematic uncertainty
: =1.1%
0.86
B 1 | | | | IIIII I | | |
0 3 4 5 6

 E/p shows steady increasing behavior from 1.5 to 3.5 (3.0) GeV and
fairly stable behavior above for period 1 (period 2) .

e Obtain <E / p> for the whole detector between [ Low P cut - 10 GeV |

* Assign absolute difference of E / p between 1.5 and 3.5 (3.0) for

Period 1

and period 2.
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3 Systematic Errors - TDR Cut
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4 Systematic Errors - Time Dependance
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5 Systematic Errors
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Luminosity (ZDCx) Dependance

Run 13 - Period 1
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6 Systematic Errors - Crate Dependance
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E/p




Final gain comparison . Systematic Error | Systematic Error
SYEIEMELE Srfiore Value Period 1 | Value Period 2
Run 13 -
Run 12 Run 13 - P2
RHIC Run 200 GeV Pé:\;o 510 Gev | |1 Trigger bias 1.4% 1.2%
2 Low Momentum cut 2.2% 1.1%
Run 9 200
<~1% >~ 4% > ~6.5% 3 TDR (AR) cut 0% 0%
GeV
4 Time dependance 0.8% 0%
~ 5% ~7.5%
Run 12 g g 5 Luminosity (ZDCx)
0% 0%
dependance
Run 13 P1 >~2.5% | |6 Crate dependance 1.2% 1.2%
Total (quadrature) 3.0% 2.0%

Run 13 pp 510 GeV BEMC calibration is completed with systematic uncertainty of 3% for period 1 and 2% for period 2 .

Calibration derived at lower energies is consistent with high-energy probes (Z/W)

Run 13 BEMC preliminary gain tables are ready to be used for run13 analyses.

Run 13 BEMC preliminary calibration systematic error comparable to Run 12 estimates using same tower-based
method!
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Backup
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MIP-peak Time dependance

0.02
[ <MIP_ADC>_Day(range_i) - <MIP_ADC>_Day(range 1) / <MIP_ADC>_Day(range 1)
0.01 :— O
k-
® O
0 2 o .
0.0 :é: ’
-0.01 o ® .
= O
-0.02— o ® o
— ® o
-0.03 — ¢
-0.04 | , ]
— ‘Penod 1‘ :‘Penod 2‘
- _ 1 | | I 1 1 1 I 1 | 1 I | 1 | I i 1 1 I | 1 | I 1 | 1 I 1 1 1
0'OSO 2 4 6 8 10 12 14 16

81 89 92 98 105 110 114 118 120 134 138 142 146 160 154 10T

e Tendency of Average MIP -ADC response to drop as a function of time. On average ~2%

change from Period 1 to Period 2.
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MIP peak luminosity dependance

n ZDC mid - ZDC low / ZDC low ‘ ZDC high - ZDC low / ZDC _low
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10 | 0
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B ] |
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1 1 ""
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Constant 990.7 + 20.6 2| Constant 809.2 + 17.0
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C Sigma 0.01736 + 0.00025 B Sigma 0.02107 + 0.00034
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- | |
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10°

10

10

10

MIP - gain comparisons

MIP-gain

“Entries
Mean
RMS

4655
0.03797
0.007848

Run 12 200 GeV

MIP-gain

Entries
Mean
RMS

4576
0.02686
0.005971

Run 13 - P1,500 GeV
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MIP-gain

4642
0.0335
0.008121

Entries
Mean
RMS

Run 12 500 GeV

0.08

0.1 0.12 0.14

MIP-gain

4507
0.03956

Entries
Mean

RMS 0.009865

Run 13 - P2, 500 GeV

0.1 0.12 0.14




STAR 2013 available trigger options for the calibration

Run 13 pp500 GeV period 1,

Run 12 pp200 GeV period2 nk ( AV _pre
1 BHTO*VPDMB BHTO*VPD 0.139 10.095 759.65
2 BHT1*VPDMB BHT1*VPDMB 61.635 282.985 1.729

BHT2, BHT2*BBCMB,

3 BHT?2 ~38 ~35 ~22
BHT2*BJP1

4 BHT2*BBCMB BHT3 126.949 1.000

5 JP2 162.027 1.000
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JP2 E / p distributions in momentum slices
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BHTS3 E / p distributions in momentum sl

mom-slice-3.0<P<3.5
7000 Ver76-nist3-pro; Ver/6-nist3-pro Ver/6-Nist3-proj ver7§-ﬁ|s¥3~eroi ver7§-ﬁ|s!5-gro ver7§'ﬁ|sﬂ-gro
Entries 124722 Entries 71408 2000] Entries 40936 1000 Entries 24026 600 Entries 15818 350) i Entries 11162
6000 Mean 0.8834 3500 Mean 0.8865 Mean 0.9223 Mean 1.032 Mean 1.205 Mean 1327
RMS 02015 RMS 0.3184 1800 RMS 04325 RMS 0.6079 RMS 07257 300 RMS 0.7566
%2/ ndf 363.6/29 3000 x2/ ndf 2285/29 1600 %2/ ndf 99.4/29 22/ naf 52.05/29 500 22/ ndf 67.68/29 %2/ ndf 176.7/29
5000 ExpConst 8.578 +0.034 ExpConst  6.008 + 0.040 ExpConst 5.518 +0.050 800 ExpConst 4.950 +0.085 ExpConst 4.282 +0.085 ExpConst 3.496 +0.148
ExpsSlope 1.2 £00 2500 ExpSlope  -1.135 +0.033 1400| ExpSlope -1.073 £0.042 ExpSlope  -0.9354 +0.0531 400 ExpSlope  -0.3905 +0.0643 250 ExpSlope  0.2732 +0.1000
4000 GausConst 6276 +37.6 GausConst 3493 £28.3 GausConst 1868 +21.2 GausConst 956.8 + 15.4 GausConst 522.8 +12.0 GausConst 2794 +93
GausMean  0.9144 +0.0008 2000 GausMean 0.9197 +0.0011 1200 GausMean  0.9217 +0.0015 600 GausMean  0.9235 +0.0021 GausMean  0.9246 +0.0030 200 GausMean  0.9099 +0.0044
GausSigma  0.1615 + 0.0008 GausSigma  0.155 + 0.001 1000 GausSigma  0.1509 +0.0014 GausSigma  0.1489 + 0.0020 300 GausSigma  0.1427 + 0.0027 GausSigma  0.1401 + 0.0047
3000
1500 800| 400 150 1
200
2000 1000 600 . 100 iﬁlﬁ' .
- 400 200 + # L]
1000 500E- "= 100 aits b 4 50)
- 200 il "’d' "yl ¥ -3
'S L L L L L L '] ] '] ']
00 0.5 1 15 2 25 00 0.5 1 15 2 25 00 0.5 1 15 2 25 o0 0.5 1 15 2 25 00 0.5 1 15 2 25 00 0.5 1 15 2 25
220) Ver/6-hist3-pro Ver/chista-pro] Ver/6-hist3-pro Ver/6-hist-pro Ver/6-hist3-pro]
200 Entries Entries 6564 140 Entries
Mean 1.411 121 1.429 140, Mean 1.372
180) RMS 07186 0.6515 120 RMS 05238 0.41%
%2/ ndf 86.55/29 111.3/29 120 ¥2/ nat 40.26/29 1/ ndf 232.5/29
160) ExpConst 2588 +0.13 10! 2883 +0.085 4723 +2.462 ExpConst 1.785 +0.249 ExpConst ExpConst 0.8098 + 0.0750
140) ExpSlope  0.8703 +0.0842 0.9053 +0.0531 100 ) ExpSlope -8.358 +7.261 100) ExpSlope  0.8206 +0.1649 ExpSlope  0.9716 0.2010 ExpSiope 3703 + 0.049
GausConst 1558 +7.4 8 .“ 83.48 +6.39 ausConst 101+3.0 GausConst 97.48 £ 433 GausConst 1009 £3.9 GausConst1.097e+05 + 8.841e+03
120 GausMean  0.9085 + 0.0064 GausMean  0.9272 +0.0094 80 1.479 +0.020 GausMean 1.325 £0.017 GausMean 1.282 +0.013 GausMean 3.924 + 0.002
100 GausSigma_0.1366  0.0060 GausSigma_0.1188 + 0.0084 80 GausSigma__ 0.301 +0.019 GausSigma__0.2872 +0.0140 GausSigma 07379 + 0.0044
6
80 1 ﬂ 60 60)
4
60 H. {ﬂ 40 40)
- + U Y
1 44 2 "I } 20 20 ,|i|
20 4 + i
4 4 + "‘h
] '] '] 'l Il 'l 'l Il 'l L 'l 'l 'l 'l 'l Il
0 0.5 1 15 2 25 00 0.5 1 15 2 25 3 00 0.5 1 15 2 25 3 00 0.5 1 15 2 25 3 15 2 25
160 Ver/o-nists. 14 ver/6-hist3-pro
7 140 Entries 2616
140 12 Mean 1.154 100
120| RMS 0.3305
¥2/ ndf 86.66/29 2/ ndf 81.21/29 %2/ ndf 83.75/29
120 ExpConst  1.253 +0.231 10 ExpConst 1.163 +0.262 ExpConst  0.6487 +0.3427 ExpConst 07144 +0.3488 80 ExpConst 0002735 + 0536618
ExpSlope  0.6953 + 0.1391 ExpSlope  0.4173 +0.1631 100 ExpSlope 06863 +0.2001 80 ExpSlope  0.2072 +0.2152 ExpSiope 05343 03142
100 GausConst 1223 5.2 8 GausConst 1087 £43 GausConst 108.9 4.9 GausConst  95.00 +4.57 GausConst 9621+ 455
GausMean  1.201 + 0.008 GausMean 1.169 +0.008 80| GausMean 1.109 +0.008 GausMean 1.005 +0.007 60| GausMean 1.056 £ 0.007
80 GausSigma  0.188 + 0.007 GausSigma  0.2008 + 0.0075 GausSigma  0.1716 + 0.0068 60 GausSigma  0.1684 + 0.0064 GausSigma 0.1495 + 0.0049
6 60)
60 40 40
4
40) 40|
20)
2 2 20 20)
% 0.5 1 75 2 25 % 0.5 1 75 2 25 % 05 1 75 2 25 % 05 7 T5 2 Px3

34

Run 13 BEMC calibration summary - Spin PWG - 07-11-2016 -Devika & Jinlong



Impact of cut modification
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Absolute Gains - P1

Absolute Gains %/ dof
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Run 13 BEMC calibration summary - Spin PWG - 07-11-2016 -Devika & Jinlong



Absolute Gains - P2

Absolute Gains y*/dof
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n n
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Run 12 200 GeV calibration : Systematic Analysis [not Final]

Type of Error Inner Ring Value | Outer Ring Value

Global/Primary Tracks 0 0
e*e  Difference 0.9% 0.9%
Time Dependence 1.43% 1.43%
AR Dependence 0.67% 2.45%
Trigger bias 0.11% 0.11%
Crate effect 1.7% 1.7%

Rate Dependence 0 0

n Dependence 0 0

TOTALS (quadrature) 2.5% 3.43%
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Run 13 gains applied to STICA- Zmass

B _Z_ZmassUnlike
L Entries 122
16 ] . Mean 81.43
- RMS 20.42
14— x2 / ndf 24.73/14
— Constant 12.11 £ 2.87
— Mean 91.67 + 0.58
12— Sigma 4.511 + 0.938
10—
- Period 1
8
6
4
O:I || 1 \I | ||_| 1 H_I_H_ 1 1 | L H | HI 1 1
20 40 60 80 100 120

a1 7 09:51:25 2016

Invariant Mass (GeV)

Run 13 BEMC calibration summary - Spin PWG - 07-11-2016 -Devika & Jinlong

140

— _Z ZmassUnlike
{ Entries 160
18 ~ | Mean 82.28 D ata
16~ RMS 19.52
—| %2/ ndf 12.01/16
14 — | Constant 16.28 + 2.04
— [ Mean 91.15 £ 0.55
12 Sigma 5.781 + 0.508
10— Period 2
81—
61—
4
i Wﬂ —
OZI.D..’_'_.\. e\ i
20 40 60 80 100 120 140
8 17:11:59 2016 Invariant Mass (GeV)
— ~Z ZmassUnlike
| Entries 1861
350 Mean 80.91
—{ RMS 16.71
300 x2/ndf 222.2/17 _
| Constant 322.3 +13.9
| Mean 88.84 +0.10
250 sigma 3.181 + 0.105 *
200 ’
150 Period 2
100—
50—
- ] ] | ] ] ] | ] ] ] ] L [ [
3¢ %O 40 60 80 100 120 140

Jul 9 16:39:26 2016

Invariant Mass (GeV)



