RHIC-sPHENIXZEER CcH (TS

INTT U OV EY 21— )LD ERESTH
E—LT R NEEBROT—4 B

2020.2.14 1121:*2%§A

EI*Nﬁ-%E#M%E
IR EE




OUTLINE

A NAOFYV 3y HRFEEEFIL, 94— 5 —FY TSIV, E

IALIJ[\
N}
X
ot
\luil

< BR

INTT Y OVEHESS £FFR—y gy YYAVEY1—)LOKS

E—ATARNERTOIYAVEY 1 —)LDHERETH

S
53
éjl:
L
)'E
frit
o
FE
\é'_.
#

AT, KR

EEEA N =~ ~ N L R _#—\\ AN 7|_\ 37 N S
ol Va2l — 3> TOREMEIREL, fIFET—9 &K, IERERIZEDREHEK

XEHESEDRES

(11




STANDARD MODEL
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QUARK GLUON PLASMA

Hadron Plasma

History of the Universe
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HEAVY ION COLLISION EXPERIMENT

“Relativistic Heavy lon Collider
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INTERMEDIATE TRACKER : INTT
AT RHIC-SPHENIX

Tracking Detectors

Time Projection Chamber
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MAPS based Vertex Detector
(MVTX)
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INTT SILICON MODULE
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Beam information
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BEAM TEST SETUP
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CHANNEL DISTRIBUTION
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Chip13

HIT CHANNEL DISTRIBUTION
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HOW TO CALCULATE THE EFFICIENCY

LODREZNZEDES

4 chips around beam spot

LO efficiency =

Single hit ADC at chip6
< /A RXZRBSTHELayernNety NODEX%ZT S >
® L1,L2 : chip6 CTDADC=4D > > J)LEw b

k S 1IAIRYNRNTITZVRNY—/Fy S
ADC4: DAC4RRE = 530 mV
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EVENT SELECTION
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RESULTS AND ISSUES

N ( LO hit & L1 hit & L2 hit ) : 1226 events

LO efficiency =
N ( L1 hit & L2 hit ) : 1277 events

=96.0x0.6% RRRIC LT
RERZIESTRED L1 efficiency = 65.6 + 1.1 %
L2 efficiency =85.9 £+ 1.0 %
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GEANT4 SIMULATION SETUP
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- Silicon size: 232.2mm x 22.5mm x 0.32mm

Si1 Si 2 Si3 Sid

- HDI (Kapton, Copper, Carbon fiber) sia O Notuse L1 L2 Sci B
- Cooling system (Polystyrene, Water) \ \ \\ \
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- Elements: Poly vinyl, Anthracene
- Size: 232.2mm x 22.5mm x Smm y .
T « 1 3 5mr:“735mm 35mm
t A \/v Z — 185mm

- 120 GeV proton beam
- Beam direction: 6 = 2°, ¢ = n/2
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RESULTS FROM SIMULATION
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PREVIOUS YEAR’S DATA
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PREVIOUS YEAR’S DATA

FLayerDR L33 2= LLER
2019 96.0 = 0.6 % 65.6 *1.1% 85.9 1.0 % 6 615
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READ-OUT TIMING CONTROL
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COMPARE WITH OTHER RUNS
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COMPARE WITH OTHER RUNS
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OUTLOOK
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QUARK GLUON PLASMA

0.5

o (Q) |

041

02+

0.1}

A B R

April 2012

v Tdecays (N'LO)

a DIS JeLS (NLO
9 Heavy Quarkonia (NLO)

e’e jets & shapes (res. NNLO)
e/ pnlc fit (NYLO)

u‘\
NN

= QCD «y(M3)=0.1184 £0.0007

10 Q[GCV] 100

20



BARREL STRUCTURE
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EXPECTATION OF MIP ENERGY LOSS
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* Muon kinetic energy (GeV)
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Energy loss [mV] = , ~ 1100 [mV]
3.62 [eV/eh pair]




(a ) Correlation of denominator of LO ( b
D =14
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( C) Correlation of closest delta of LO ( d
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CHANGE THE DELTA CHANNEL CUT OF
(RAW - EXPECTATION) FOR TARGET LAYER

efficiency with delta cut
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CALCULATE ERROR OF BINOMIAL

REDRRHD

N ( LO hit & L1 hit & L2 hit )
N (L1 hit & L2 hit )

LO efficiency =

J (N (LO hit & L1 hit & L2 hit ) x (1-efficiency) )
N ( L1 hit & L2 hit)

LO efficiency error =

3I



DATA VS SIMULATION: MIP PEAK

Data Simulation
Layer=0 chip=6 Energy deposit

Signal | — | ayerQ
e Width = 1.05 £ 0.21 Entries 5856
e MIP =50.54 +0.29

Total i o Area = 0.65 + 0.03 — aver

— Signal ° sigma - 457 +0.33 Entries 6413
Noise1 Layer2

Noise2 Background Entries 5920
e Areal =646.16 = 1046.80

e G-sigmal =5.88 £0.79
e Area2 = 0.90 +0.10 MIP peak
e G-sigma2 = 50.00 +31.12
MIP peak 7 695mV/(L0)
e x2/ndf = 44.2/33 = 1.34
674mV

— TotNoise

P T T T T T T e— ' 1000 1500 2000 2500 3000
50 60 Energy deposit [mV]




DATA VS SIMULATION: ADC DISTRIBUTION

Data Simulation

Closest hit
Entries 1277

argetADC_LC

Entries 4522

w/delta cut Mean 5.423
Entries 1226 ' Std Dev  1.051
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Data vs Simulation: DAC comparison

266 < X <274 0
— i 274 | 274<X<338 | 306 «— 1
T e 1048 338 338 < X < 402 370 «— 2
i 125 402 402 <X <530 | 466 «— 3
530 530 <X <658 | 594 «— 4
658 658 <X <786 | 722 «— 5
786 786<X<914 | 850 «— 6

R, 914 | 914=X<1042 | 978 <— 7

800 1000
DAC
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Simulation

SET THE GA]N VALUE 5k events

Gain 170

Correlation between ADC of denominator

Edep [MeV] x 1.6 x 10-4 [fC] x 170 [mV/fC] ADC
Energy loss [mV] =
3.6 [eV] correlation
between
event selection & convert to [mV] convert to ADC 11 and |2
Energy deposit [MeV] * Energy loss [mV]
Target layer: Target layer:
Denominator layer: L1, L2 Denominator layer: L1, L2 ADC

Target layer:

Energy deposit Energy deposit 266 Denominator layer: L1, L2

m— | 2yerQ — | ayer0
Entries 5856 Entries 5856
Entries 6413 Entries 6413

Layer2 Layer2
Entries 5920 Entries 5920 3 3 8

MIP peak 402

ADC for each layer

— Layer0
Entries 4402

— Layer1
Entries 4402
Layer2
Entries 4402

695mV(LO)

- - - . _ [ ] 3 o S o -
0.25 0.3 0.35 : 1000 1500 2000 2500 3000
Energy deposit [MeV] Energy deposit [mV] 7 8 6
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W
O

N oclulh w N = O
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Simulation
5k events

HIT CHANNEL DISTRIBUTION

ean 0
fia Do 0

Chip 19 is the beam hit chip -> Require chip 19 for all layers to calculate the efficiency
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EVENT SELECTION IN SIMULATION

(a ) Correlation between channels of denominator ( b) Delta channel of denominator

deldeno_TLO

Entries 4523
Mean 0.002432
Std Dev 0.1287

N
o
o

L2 channel

deno_TLO

Entries 4523
Mean x 172.5
Meany 1725
Std Dev x 0.49
Std Dev y0.6045

140 150 160 170 180 190 200 10 15
L1 channel channel

(C)Correlation between channels of target layer (d ) Delta channel of target layer

200

delta chan of LO
Entries 4761
closest delta of LO
Entries 4522

expected channel

Entries 4761
Meanx 1725
Meany 1725
Std Dev x0.5177
Std Dev y0.2133

155 160 165 170 175 180 185 190 195 15 20
LO channel channel




COMPARISON WITH 2018 RESULT

ZlLayer CORHEMEICEDL H B ERZEI DB =8
AUV 780 72BAWT2018FE L BHMERZHEKT S

Correlation of denominator of LO Delta channel of denominator for LO
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Run 615 (2019)

Closest hit
Entries 1277

- w/delta cut
Entries 1226

SiE

320pum

ADC DISTRIBUTION
2019 vs 2018

Run 97 (2018)

Closest hit

Entries 14066
- w/delta cut

Entries 13472

266

274

SiE

338

200um

402

530

658

786

9214

N O OO NN -~ O

DAV DEHDEWVWCEDADCOE—I M ELS
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ENERGY LOSS DISTRIBUTION
2019 vs 2018

Run 615 (2019)

— LayerO
Entries 1278
—— Layer1
Entries 1849
— Layer2

800

Entries 1259

1000

DAC threshold (mV)

266 266 < X < 274 270
274 274 < X < 338 306
338 Seigieaty | S

914 914 < X < 1042 978

N olaliprlwin| = o

——t—

Run 97 (2018)

— Layer0
Entries 14066

—— Layer1
Entries 13928

— Layer2
Entries 13765

800 1000
DAC threshold (mV)

EDACEHDHIMEZ & D

OLL T IEDACORMELL T Dhit

E VIR ELZ B -)weightzh TS
MIPE—J DEWIEP Y IVEICES
2019: 320um 2018: 200um
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SIDE-BY-SIDE DOUBLE HITS AT L2

L2 UTHRIETDY JIbey kb2 EESHhDE Y MMI{EWADC (0< ADC < 5) ZE3k
ch1-ch2=1(ch1<ch2) EEDEWE v MEIR

A
CH correlation of L2 double ADC correlation of double hits
(Q\| . .
_E) adc 2 LO
Entries 385
320|.|m 120 Mean x 3.361
Meany 3.179
Std Dev x1.856
100 Std Dev y1.944 |
v 80
60
Delta channel of double hits ch double LO
40 :
> TR , Entries 385
D 10° kg Entries 1235 Mean x 66.44
Mean 2.511 20 i, F Meany 67.44
Std Dev_4.137 Std Dev x 34.21
Select hits of . Std Dev y 34.21
102
ch2 -ch1 =1 0 20 40 60 80 100 120 0
ch1

| E |]ﬂ ql']Jh'-u- fERIE DY 7L ey b TADCO R R = iR




ADC DISTRIBUTION

Threshold (ImV) = 4 x DAC value + 210 (mV)

Target layer LODADC43'%h !
> 450
5 Closest hit ADC DAC Threshold (mV)
400 Entries 1278
- w/delta cut O 1 4 266
350 Entries 1227
1 16 274
300
2 32 338
250
E— 3 48 402
200
4 30 530
150
5 112 658
100
E 6 144 /86
50
E vl / 176 914

ADC59 %1 5658~786mVCMIPE— I WD EREITZ I
S HIF L DIEVDIEFPHXTERE S N B IBIEEDREH



Simulation

L2 INEFFICIENCY >k events

Gain 170

L2OKRAE—FRIEDF ¥V RILEDT

- delta chan of L2

Entries 4824

— closest delta of L2

Entries 4517

L25E8l{E — L2F2E{E = - 7 ch
+5chTThAY S &lcdD99.98% &> T
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COMPARE WITH OTHER RUNS

LO, L1, L2ZDRHEZIFEDIE S D EHIEFEFICKEFET 2DHIHESRIT D70
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HIT CHANNEL OF NOISE CHIP 23 (L2)

Noise chip

chip 23T M —EHDEAL
LOEL2DIRENBEH—EH U TS EE — 0 entry
L2OREFEINMET UI-EE - 599500 entries

Entries MAX 10000
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