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General information

A beam test experiment was performed at the end of 2021, ELPH, Japan
- Four ladders were placed in the dark box

» First ladder deactivated due to light leakage Dark box
- Beam time: 2021/Dec/07 to 2021/Dec/10
» Positron beam with energy of 800 MeV was used* 2R
» Main goal: ladder hit detection efficiency sl B o
- s iacsin +

J_,(Bezam) Fingertip
y ® scintillator Trigger Trigger

[vertical) scintillatorl scintillator2)

Customized Geant4 model,
main developer: Genki — -

-4V - _
Scintillators X‘\Tﬁ; Z ) Y axis in beam test corresponds to the ¢ axis at 1008-IR
eam

*Beam energy has been confirmed with the ePIC ZDC beam test TW team
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* The analyses of the following topics are completed, improved and reproducible, and to be included in the paper
- Energy deposit distribution (DAC Scan, Run71-Run78)
e Systematic uncertainty accounts for different ways to match distributions
- Scattering distribution compared with MC (Run52)
- Hit detection efficiency (Run52 and Run89)
* Re-estimate the systematic uncertainties
* Two runs combined
- Number of reconstructed tracks compared with MC (Run64)
 With lead plate in between beam and the INTT telescope

* The results are consistent with what presented in the past

* Analysis note:

- INTT_BeamTest_AN_v1.pdf: https://indico.bnl.gov/event/28070/contributions/107263/attachments/
61693/105917/INTT BeamTest AN v1.pdf

- Overleaf project: https://www.overleaf.com/read/ttchfvmcrppt#6156dc
* Analysis code: https://github.com/ChengWeiShih/Final BeamTest2021 Publication
» Target Journal: Nuclear Instruments and Methods (NIM)

INTT meeting Cheng-Wei Shih (NCU, Taiwan) 3
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DAC Scan - the matrices

250

 Run 71 - 78 (total coverage: 8 to 176 with the span of 4 adc)
* Requiring single cluster or no cluster in each layer (inclusive to location, and
cluster size)

Channel ID

200

» Clone-hit events removed
 Columns within beam-spot region selected (Column9, 10, 11) ——
e Single-hit clusters selected ==
e Overflow bin (bin 8th) removed in each scan

12
Chip ID (13 ->1)

Scan-0, Layer 0 Scan-1, Layer 0 Scan-2, Layer 0 Scan-0, Layer 1 Scan-1, Layer 1 Scan-2, Layer 1 Scan-0, Layer 2 Scan-1, Layer 2 Scan-2, Layer 2
] SARRERARLE LRLRE LR LS LN LS R ] RRRRERARLE LALEE LLEE LS LS LS LR 0 RERRE RARLE RALEE LS LR LS LN RN 231220 10] “BARA RARRE LAY RALEE LALEE RLEE LA RERE= [Z3CT010] “RARE RARAE RAREN RARAE LR LS ILLLEE RLLE= o T IRAREE RARLE LARLE LLLEE RLLLE LS RERRL 0 SAREERARRE LARLE LRSS LLEE LS LR 0 SARRERARAE LARLE RERRE RELEE LLEE LS RERRS 0 AR RARRN LALEE LLLLE RALEE ULLE AL L
o} o} C ] 9] ) ) C ] o} [ ] 9] F 9] [ ] )
= 500 '+ ] = [ ] = - —— ] = F e ] = C ] = [ —— ] = '+ 3 = [ ] = ——
2 [ Z 300k —+ ] 21200 7 g2 I ] s + ] £1200F —— £ 450E E < 250F + - 2t —+— ]
im] [ ] im| : 3 L C - ] w1000k ] W o550k _ im] - ] W 400E 3 L - N L1000 -
[ ] C ] [ —— ] [ ] [ ] - : : E - I b [ —— ]
400 - 250F —+ 3 1000 - : : : I ] 1000} —— . 350F 3 200 : 800l -
[ ] s h [ ] 800 . 200 -] F ] E E [ ] N ]
[ ] [ ] - —— . - ] [ ] [ ] 300F E : ] [ ]
300F . 200p E 80t ] ¥ ] F —+ ] 800¢ —— ] 3 E 150k E ! -+ ]
F - + ] - - 600 - 150 - [ ] 250F E - + b 600 ]
[ ] 150F e 600 —— 7 [ ] - ] 600 —— p 200F E F ] [ ]
200._ -] C ] [ ] - E C ] L i 3 E 100'_ . 400__ —— E
: ] 100F — 3 400F—e——4— ] 400F ] 100F e E 400F+—""* - 150F E [ I ] F— ]
100F _' o : X ] - ; - ] [ ] 100F 3 —4— ] o ]
[ ] 50F —+ 3 200F . 2001 — 50F —— = 200k ] 3 3 50F — ] 200 -
[ —— ] C —— ] r ] [ ] - : [ ] 50F - —— ] A
B ] - - B ] | —— J - 9 N ] F —— 3 N 7] L .
0||||—°—||-|-|g:|:|_,_,_._,_ o) TN I FE P PRI PR PR P G'....|....|....|....|....|....|....|....' OMH_M_M c'....|....|....|....|....|....|....|....' G'....|....|....|....|....|....|....|....' o) TN I FU FWI oo i P IO G'....|....|....|....|....|....|....|....' o) IR IS IS PPN IS PPN P
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 0 i 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
HitAdc HitAdc HitAdc HitAdc HitAdc HitAdc HitAdc HitAdc HitAdc
Scan-3, Layer 0 Scan-4, Layer 0 Scan-3, Layer 1 Scan-4, Layer 1 Scan-5, Layer 1 Scan-3, Layer 2 Scan-4, Layer 2 Scan-5, Layer 2
$14OC_'"|""|'"'|""|""|""|""|"'_ A SRARARERRE RARRE RARLE RLLLE LALEE LR RARAL ART0000) R AL AR R AL R R MR %1400_'"'|""|""|'"'|""|""|""|""_ 8 AN RS AL RS LR LR LS RS 3]200-""|'"'|""|""|""|""|""|""- 8 SAARLERRAL A AR LR MR LLLRE RARRE 8 A LS IR LR IS I LR IR
= F ——— 1 S 700f—4— - = i 1 = . - = o ] = - —— . = o . = - 1
E1000k —— J 2 F ] = —— 3 2 ] Z 600F 3 g [ =t ] Z 600k 3 = 140.'—|— 7
L C L C ] 1400 | - : L 3 ] | [ ] | - E | - .
_ ] 600F 3 ] 12000 —— E 3 ] 1000 —— ; g ] 120F 3
1000F . . E 4+ ] 1200F*— —— E - ] 500F E [ . —_ ] 500 —+— E s ]
[ ] 500F _: [ —— ] 1000__ ] C + . B b [ ] 100'_ -
N . ] F E 1000F - [ ] L ] 800__ ] C —p ] X + ]
8001 . : E ; ] - —— . 400p 3 [ ] 400f E - ]
- b 400 —_—— - [ h 800 - [ —— ] [ ] [ ] 8ok ]
i ] i 3 800 —— ] C —— ] s E 600 —— ¥ ] i 1
sook- —_ ] _ — _ : : 3 3 300 . 3 ! ] 300F e 3 : . :
- 1 300 - - i 600[ . h - i _ 60F -
F ] : ] 600F 3 - —— 1 . ] a00f ] - —— ] [ + ]
: ] ! ] [ —— ] - ——— 3 - . - : = [ e ]
400 E 200F —— r 400F = 400 —— ] 200¢ ] X ] 200 —_ ] 40F —4— 7
[ ] C ] C ] 5 ] [ e ] B 1 C ] - + ]
200F ; 100F 3 200F 3 200F 3 100F E 200p E 100F E 20F 3
G....I....I....I....I....I....I....I....- C-....I....I....I....I....I....I....I....- G:....I....I....I....I....I....I....I....: C:....I....I....I....I....I....I....I....: C:....I....I....I....I....I....I....I....: c-....lu...I....I....I....I....I....I....- C:....I....I....I....I....I....I....I....: c:....I....I....I....I....I....I....I....:
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 0 i 2 3 4 5 6 7 8
HitAdc HitAdc HitAdc HitAdc HitAdc HitAdc HitAdc HitAdc HitAdc
Scan-6, Layer 0 Scan-7, Layer 0 Scan-6, Layer 1 Scan-7, Layer 1 Scan-6, Layer 2 Scan-7, Layer 2
] MR LS I LS I I LR I [ AR RARRN LALEE LLRLE LS LLLLE R L [ AR RLAREE LLLRE LLLLE LS RN LS ML [ ARARIRRREE RAREE RELLE RARLE RLLLE RLLEE RARLL 0 RAREE RARLE LALLE RS LR LR LS RN [V ~aans RN AL LRSI LR LS LR~
£ F : £ I 3 '3250'+ . 3160.'| . 2 25¢ . S ook E
I.IC.I 30:_ E I.IC.I 12:- -: I.ICJ [ + ] LICJ14O:_ E LICJ [ ] LICJ 205_ 3
- E F ] 200F . 100F E r g 18F E
[ ] [ + ] s + + ] X ] 16F E
200 ; 3 ; 150F —+ : oof 1+ Ty g 15f ‘ : 14 3
of ] of ] SPHENIX INTT Beam Test 2021 - —+ ] 8ok 3 SPHENIX INTT Beam Test 2021 - ] 12E E SPHENIX INTT Beam Test 2021
n ] o -] - : - E - 7 10F E
E E [ h 100__ + ] 60__ 3 10_— ] 8:— E
10 = 4= - [ 1 s ] C ‘ ] 3 E
3 ] - . 50k E 40 - sk E 6F E
5F 3 2 . F E 4 —I— E
1 20F oF E
G....I....I....I....I....I....I....I.... G....I....I....I....I....I....I....I....- G....I....I....I....I....I....I....I.... C:....I....I....I....I....I....I....I.... G....I....I....I....I....I....I....I.... C....I....I....I....I....I....I....I....
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 0 1 2 83 4 5 6 7 8 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
HitAdc HitAdc HitAdc HitAdc HitAdc HitAdc

LO L1 L2
INTT meeting Cheng-Wei Shih (NCU, Taiwan) 4



DAC Scan - matching b/w scans

* |n each scan, two bins overlapped with its following scan, which are used for matching
* Scang as reference, introducing scales to adjacent scans to match the distributions, sequentially

. Example: scale applied on Scand = (SizeP“™ + Size>¢9"3)/(Size ™ + Size>c)

bing bin- biny bin,
* (Same method used previously)
LO L1 L2
’T2200:""" "'|"'W"I"'I"'W"I"'I"E ’T2200:' rp "'|"'I”'I"'I"'W"I"'I"E ’T2200:""" "'|'”|'"I"'I”'I"'I"'W":
2. 2000 SPHENIX INTT Beam Test 2021 7 2 2000E- SPHENIX INTT Beam Test 2021 7 <DE 2000 SPHENIX INTT Beam Test 2021 7
~— :_ ~} Scan 0, range: {8-36} DAC _: —~ :_ ~} Scan 0, range: {8-36} DAC _: —~ :_ ~} Scan 0, range: {8-36} DAC _:
g 1 800 B _|_ —+ Scan 1, range: {28-56} DAC ] g 1 800 B ~+ Scan 1, range: {28-56} DAC ] g 1 800 B ~+ Scan 1, range: {28-56} DAC ]
-E- 1 600 :_ I Scan 2, range: {48-76) DAC _: -E- 1 600 :_ L Scan 2, range: {48-76} DAC _: -E 1 600 :_ L Scan 2, range: {48-76} DAC _:
LL] - ~+ Scan 3, range: {68-96} DAC . LLI - ~+ Scan 3, range: {68-96} DAC . LL] — ~+ Scan 3, range: {68-96} DAC N
1 400 — S Ca n 3 ~} Scan 4, range: {88-116} DAC ] 1 400 - ~+ Scan 4, range: {88-116} DAC ] 1 400 - ~+ Scan 4, range: {88-116} DAC ]
[ -+ Scan 5, range: {108-136} DAC _ B < Scan 5, range: {108-136} DAC _ [ <+ Scan 5, range: {108-136} DAC _
1200 :_ x -} Scan 6, range: {128-156) DAG _: 1200 :_ -} Scan 6, range: {128-156) DAG _: 1200 :_ -|- -} Scan 6, range: {128-156) DAC _:
1 OOO ;_ ' ~ Scan 7, range: {148-176} DAC _; 1 O OO ;_ -+ Scan 7, range: {148-176} DAC _; 1 O O O ;_ -+ Scan 7, range: {148-176} DAC _;
800 = 800 = 8001 =
600 Scand = 600 . = 600 =
400F- . ' = 400F- g = 400F- . =
200 i l'-rt, = 200 L‘M i M = 200 } =
O:I IJILT-II-I-TI—II_HI‘I | | LAl 1 | il 1 | [ IM' L I: O:I L | LAl 1 ’-J:'-I | | LAl 1 | il 1 | LAl | il 1 | L I: O: I-’Hlﬁﬁ-.rjl‘l | | LAl 1 | il 1 | LAl | il 1 ] | L I:
O 20 40 60 80 100 120 140 160 180 200 O 20 40 60 80 100 120 140 160 180 200 O 20 40 60 80 100 120 140 160 180 200
DAC value DAC value DAC value
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DAC Scan - Combine bins

¢ The Overlap binS are StatiStica”y Combined /TZZOO_I I L L | I | L | L | L | L | L | I I_

= 5000 SPHENIX INTT Beam Test 2021 -

A-w,+B-w 1 > - + -

_ ° ° - Scan 0, range: {8-36} DAC I

X i GX — A B i g 1800: _|_ ~+ Scan 1, range: {28-56} DAC ]

° WA — WB WA = WB -E- 1600:_ L Scan 2, range: {48-76} DAC _:

B -+ Scan 3, range: {68-96} DAC .

L 1400_— ~} Scan 4, range: {88-116} DAC ]

* A: bin content of the bint 1200k + Soan 5, range: (108-136)DAC.

. W, : 1/[(statistical error of bin1)2] : N R

1000:_ | ~+ Scan 7, range: {148-176} DAC _:

* B: bin content of the bin2 800 T —

« wp . 1/[(statistical error of bin2)?] 600=— i 1 -

d00-| W -

2 2 200 *I,LMPJ I%l\' l\ l\, E

.|freduced)( >1,0X_’0X\/)(/NDF O:,,,|,,,,,,|,,,|,,,|,,-,|,;'I |,,,:
O 20 40 60 80 100 120 140 160 180 200

- Method introduced by PDG
- NDF:2-1 =1 DAC value
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DAC Scan - matching b/w scans

LO L1 L2
~ 2200 ~ 2200 —~ 2200

SPHENIX INTT Beam Test 2021 SPHENIX INTT Beam Test 2021 SPHENIX INTT Beam Test 2021

>
< 2000
@ 1800

>
< 2000
@ 1800

>
< 2000
@ 1800

~} Scan 0, range: {8-36} DAC ~} Scan 0, range: {8-36} DAC ~} Scan 0, range: {8-36} DAC

-|_ —+ Scan 1, range: {28-56} DAC ~+ Scan 1, range: {28-56} DAC ~+ Scan 1, range: {28-56} DAC

E 1 600 + Scan 2, range: {48-76} DAC E 1 600 + Scan 2, range: {48-76} DAC E 1 600 +- Scan 2, range: {48-76} DAC
LLI ~+ Scan 3, range: {68-96} DAC LLI ~+ Scan 3, range: {68-96} DAC LL] ~+ Scan 3, range: {68-96} DAC
1 400 ~} Scan 4, range: {88-116} DAC 1 400 ~+} Scan 4, range: {88-116} DAC 1 400 -+ Scan 4, range: {88-116} DAC
—+ Scan 5, range: {108-136} DAC ~+ Scan 5, range: {108-136} DAC ~+ Scan 5, range: {108-136} DAC
1 200 —+ Scan 6, range: {128-156} DAC 1 200 ~+ Scan 6, range: {128-156} DAC 1 200 ~+ Scan 6, range: {128-156} DAC
~ Scan 7, range: {148-176} DAC -+ Scan 7, range: {148-176} DAC -+ Scan 7, range: {148-176} DAC

1000
800
600
400
200

1000
800
600
_ 400

LLr"—rFr*. IIT"M : ZOO‘L“MJ;. M w}

R I M B EERE I I T A R O T e | I T Y T T P A | | L I I T I O R | |
20 40 60 80 100120 140 160 180 200 20 40 60 80 100 120 140160 180 200 20 40 60 80 100 120 140160 180 200
DAC value DAC value DAC value

1000
800
600
400
200

III|III|III|III|III|III|III|III|III|III|III
.

OO
OO

OO
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DAC Scan - bins combined with fit

» Signal component: Landau-Gaussian convolution

« Background: Exponential + Gaussian
* Fitrange: 8 to 140 DAC
* Signal Purity {DAC =z 40}: > 99.3%

LO L1 L2
’\.2200:""'"'|"'|"'I"'I"'I"'I"'I"': ’\.2200:"'"'"'|"'|"'I"'I"'I"'I"'I"': ".\2200:"'"'"'|"'|"'I"'I"'I"'I"'I"':
2. 2000;_ SPHENIX INTT Beam Test 2021 _; 2 2000;_ SPHENIX INTT Beam Test 2021 _; <DE 2000;_ SPHENIX INTT Beam Test 2021 _;
8 1800:_ -_--;(i)gti;::itl_andau@Gaussian) _: $ 1800:_ -_---Sr?g;ilall:itl_andau@Gaussian) _: % 1800:_ -_--;iogtila::itLandau@Gaussian) _:
= B Background (Exponential) 7 = B Background (Exponential) 7 = B Background (Exponential) 7]
-E 1600:— Background (Gaussian) —: -E 1600:— Background (Gaussian) —: -E 1600:— Background (Gaussian) —:
H 1400 Landau MPV: 70.74 = 0.24 — H 1400 Landau MPV: 71.97 = 0.22 — H 1400 Landau MPV: 73.13 = 0.31 —

u Signal Purity (DAC = 40): 99.62% _ N Signal Purity (DAC = 40): 99.33% _ N Signal Purity (DAC = 40): 99.74% _
12001 = 12001 = 1200 -
1000/ t, - 1000/ +, - 1000 + =

800 = 800 = 800 =
600 - 600~ - 6001 -
4001 = 4001 = 4001 -
200 — 200 — 200 —
o S R A RIS I SRR s . o 2 S S o S s S W W W B el ot a2 ST IO R IR I o 5 2 O

0O 20 40 60 80 100120 140 160 180 200 0O 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
DAC value DAC value DAC value
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DAC Scan - in combining bins

The disagreement in the overlap bins between Scan2 and Scan3, observed in the past as well

— 0.5¢
Scan?2 < b £ 500
- From Cheng-Wel S 450~ From Yuka — Rung
0.4 - — Runyg o
: 400 = — Run,g 4
0.351 - — Rungg o6
- 350 3 + — Rungg 116
0.3 u + Run, 56 13
E =00 u — Run, 55 456
0.25 :— 2503_ B + — Run, 5 17
0.21- 2000 } 1
015 j?lqt 150 + !
0.1 j 100(- | ++ t
B — +
0.05F — so , F Ty +
: : + = a4 +
O_||||||||||||||||||||||| | T T O_IIIIrﬁ-..lllllllllIll|lll|l-!-.|zl;|-lil+-'-llllllll
0O 20 40 60 80 100 120 140 160 180 200 0O 20 40 60 80 100 120 140 160 180 200
ADC DAC value
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Matching Scan2 and Scan3 in different way g&o

Here the matching of Scan2 to Scan3 is only by Bin6th of Scan2 and Bin1st of Scan3

(Bin6th of Scan2 and Bin1st of Scan3 are therefore on the top of each other)

’T2200_"""|' | | L L L L
2. 5000LC- / SPHENIX INTT Beam Test 2021 -
1800- [
-E- 1 600 :_ -i_Scan 2, range: {48-76) DAC _:
— Scan 3, range: {68-96} DAC —
L 1 400 :_ -I- ~} Scan 4, range: {88-116} DAC _:
Z_ -+ Scan 5, range: {108-136} DAC _Z
1 200 E Scan 3 |- Scan 6, range: {128-156} DAC E
1 OO O :_ ~ Scan 7, range: {148-176} DAC _:
800 =
600F =
400F- -
200 ""' ll—rb —
O :| | M | I I T T P R |M | |:

O 20 40 60 80 100 120 140 160 180 200
DAC value

LO

INTT meeting

—~2200
>
< 2000
é 1800
E 1600
1400
1200
1000
800
600
400
200

I|III|III|III|III|III|III|III
SPHENIX INTT Beam Test 2021

~} Scan 0, range: {8-36} DAC
~+ Scan 1, range: {28-56} DAC
+ Scan 2, range: {48-76} DAC
~+ Scan 3, range: {68-96} DAC
~+ Scan 4, range: {88-116} DAC
—+ Scans
—+ Scan6
7

-+ Scan

, range: {108-136} DAC
, range: {128-156} DAC

, range: {148-176} DAC

Lol e

OO

I I P R Y I A R A T | | 0
20 40 60 80 100 120 140 160 180 200
DAC value
L1
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< 2000
@ 1800
utj 1600
1400
1200
1000
800
600
400
200
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~} Scan 0, range: {8-36} DAC
~+ Scan 1, range: {28-56} DAC
+ Scan

~+ Scan
~+ Scan
—+ Scan
~+ Scan
_|_ -+ Scan

2, range: {48-76} DAC
3, range: {68-96} DAC
4, range: {88-116} DAC
5, range: {108-136} DAC
6, range: {128-156} DAC
7

, range: {148-176} DAC

OO
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20 40 60 80 100120 140 160 180 200
DAC value
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’\.2200_"' B L L L L L L
2. 5000LC- SPHENIX INTT Beam Test 2021 -
\é 1 800 f_ * Baseline (two bins for dist. matching) _f
E 1600:_+ * Variation (Scan2 matched by only the 6th bin) _:
c - ]
" 14001 -
1200F =
1000~ i -
800 o, -
600F- M —
400F- : . -
200 + xr - —
O : | 1 Iﬁ*l*f*ﬂ:.:l | 1 | ] 1 1 | ] 1 1 | ] 1 1 ﬁ-ﬁﬁﬁﬂﬁ-ﬁ | ] 1 1 :

O 20 40 60 80 100 120 140 160 180 200

DAC value
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i’. 5000C- SPHENIX INTT Beam Test 2021 -
\(q/)-; 1 800 f_ * Baseline (two bins for dist. matching) _f
E 1600:_ * Variation (Scan2 matched by only the 6th bin) _:
(- ~ _
~ 1400 -
1200 =
1000F +, =
8001 R =
6001 R -
400 4 £ - =
200:— ey ** *++*ﬂ E
O_| N |a|=.1 caoa v v b g Ly e rreleeee | T

0O 20 40 60 80 100 120 140 160 180 200

Cheng

DAC value
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—~2200— LA ELN B B LA BN R R
fﬁ 5000E SPHENIX INTT Beam Test 2021 -
\(q/)-: 1 800 f_ * Baseline (two bins for dist. matching) _f
E 1 600 :_ * Variation (Scan2 matched by only the 6th bin) _:
- - _
1400 =
1200 ;—+ —;
10001+ + -
8001 I =
600} S, —
400 . E
2001 , Sl . =
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0 20 40 60 80 100 120 140 160 180 200
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Systematic uncertainty

—~2200—

>
< 2000
@ 1800
E 1600
1400
1200
1000
800
600
400
200

SPHE

The differences are quoted as the systematic uncertainties
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Final distributions

In each bin, the systematic uncertainty and statistical uncertainty are summed up in quadrature
Distributions are fitted the same way as introduced
Physics message doesn’t change, signal purity > 99% in region = 40

Plot to be in paper (tentative)
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Recap - energy deposit distribution, L2

The new plot

. By Yuka
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Scattering comparison with MC

 Method: LOL1 are used for reconstructing proto-track (have constrain), set L2 free

 Data: Run52, column U8, events with clone hit are discarded
 MC: beam spot at center of ladder, U11 is used

* For both data and MC:
|1 alignment correction and LOL1 slope re-centering applied
 Event selection:

* Single hit in each layer
* Hits should be at the Selected Column (SC) -

vy

e |LOL1_slope| < 0.01

e |LOL1_avg_pos| <5 mm (Ladder coverage: +10 mm) E
 Check residual: L1 - (L2LO interpolation) .

* Quantity used in hit detection efficiency analysis N

INTT meeting Cheng-Wei Shih (NCU, Taiwan)
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Scattering comparison with MC

Layer-1 alignment correction

h1D_I1_alignment_before h1D_I1_alignment_after

o - T T ] N = | ] .
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Scattering comparison with MC

LOL1 slope re-centering

Data Run52, U8

MC

Re-centering: It's not a correction. It’s just to make the distribution peak close to zero for applying symmetric slope cut

INTT meeting
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Scattering comparison with MC

 Method: LOL1 are used for reconstructing proto-track (have
constrain), set L2 free

Plot to be in paper (tentative)

—_l
o

* Event selection:
* Single hit in each layer 10

* Data: Run52, column U8, events with clone hit are discarded % 1—
 MC: beam spot at center of ladder, U11 is used & 107
102;—

* For both data and MC: -
10° =

* L1 alignment correction and LOL1 slope re-centering applied
1074 =

3

SPHENIX INTT Beam Test 2021

* Hits should be at the Selected Column (SC)
e |LOL1_slope| < 0.01
e |LOL1_avg_pos| <5 mm (Ladder coverage: +10 mm)

Data/MC
N

—2L

* Check residual: L1 - (L2LO interpolation) 08 08 04
* Quantity used in hit detection efficiency study

Agreement between data and MC is reasonably well
INTT meeting Cheng-Wei Shih (NCU, Taiwan)
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Recap - Scattering comparison

The new plot

Debut: 2023/July/20

I|III|III|III|III|III|III
SPHENIX INTT Beam Test 2021

--Data
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--Data

[ IMC
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Data/MC
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N
]
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Plot to be in paper (tentative)
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Hit detection efficiency

 Method: DUT approach (Detector Under Test)

 Use LO and L2 to reconstruct tracks. When good track is found, check clusters in L1
 Data: Run52 and Run89
L1 alignment correction and LOL2 slope re-centering applied before event selection

Events with clone hits found are discarded
Tracking Single cluster in Selected Column (SC) of LO (abbr. SCLO) and L2 (abbr. SCL2) required
For three layers, require no cluster in adjacent columns (SC-1 & SC+1)

Edge exclusion (ladder bottom edge + 8 ch) < Y-pos of SCLO and SCL2 < (ladder top edge - 8 ch)
Cluster ADC Cluster Adc of SCLO > adcO && Cluster Adc of SCL2 > adcO
Track QA
Slope cut fabs(slope of SCL2 - SCLO) < 0.01
Track pos. Focus on beam spot region (Rund2: -6 to 6 mm, Run89: -10 to 2 mm)
Good track Residual Smallest |CL1 - CL2&CLO interpolation| < 0.5 mm
classification

~ Good Events and L1 Good Cluster Found ~ N(LO[ |L1{]L2)

Good Events N(LO(L2)
INTT meeting Cheng-Wei Shih (NCU, Taiwan) 20
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Hit detection efficiency O

To minimize the ambiguity of track reconstruction
(Only two layers for track reco., to improve the purity, tight selection required)

‘ Tracking Single cluster in Selected Column (SC) of LO (abbr. SCLO) and L2 (abbr. SCL2) required
Good Bad
SC
LO LO L1 L2

INTT meeting Cheng-Wei Shih (NCU, Taiwan) 21



Hit detection efficiency

For three layers, require no cluster in adjacent columns (SC-1 & SC+1)

Bad

LO

Good

LO

SC

L1

L2

Bad

INTT meeting

Cheng-Wei Shih (NCU, Taiwan)

SC

Y
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Hit detection efficiency

e L0 L2
C SC
L1
LO L2

INTT meeting

Edge exclusion

(ladder bottom edge + 8 ch) < Y-pos of SCLO and SCL2 < (ladder top edge - 8 ch)

Cheng-Wei Shih (NCU, Taiwan)
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Hit detection efficiency

(Only two layers for track reco., to improve the purity, tight selection required)

‘ Tvarnls NA

INTT meeting

To minimize tracks reconstructed by noise hits

O
SPHERIIX

Cluster ADC

Cluster Adc of SCLO > adc0 && Cluster Adc of SCL2 > adcO

Cheng-Wei Shih (NCU, Taiwan)
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Hit detection efficiency

ITdCK WA

INTT meeting

h1D_effi_I0I2_slope
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Slope (L2 - LO)
Slope cut fabs(slope of SCL2 - SCLO) < 0.01
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Hit detection efficiency

hiD 12 ClusPos 3Hit h1D 12 ClusPos_ 3Hit
$ 1 OOO I I I I | I I I I | I I I I | I I I I — g 1 200 __ ! ! ! ! | ! ! ! ! | ! ! ! ! | ! ! ! ! __
."g' SPHENIX INTT Beam Test 2021 = I SPHENIX INTT Beam Test 2021 -
ITR - 11000}~ -
800}~ — :
800¢

600:
400:

200

600}
400}

- 200}

ClusPos (L2) [mm] ClusPos (L2) [mm]

Track pos.

Focus on beam spot region (Rund2: -6 to 6 mm, Run89: -10 to 2 mm)

(Events that pass this one are then considered as Good Events, the denominator)

INTT meeting

The last criterion for the event selection

Cheng-Wei Shih (NCU, Taiwan)
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Hit detection efficiency

When Good Event is found, then check clusters in L1

SPHE

Good track
classification

Residual

smallest |CL1 - CL2&CLDO interpolation| < 0.5 mm

INTT meeting

P Good Events and L1 Good Cluster Found ~ N(LO[ |L1{]L2)

Good Events N(LO()L2)
Cheng-Wei Shih (NCU, Taiwan)
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Hit detection efficiency - systematic unc.

Sources considered for estimating the systematic uncertainty

SPHE

Runb52 Run89
Source Variation _ —
Numerator | Denominator |Efficiency(%)] Numerator | Denominator |Efficiency(%)
Baseline 42956 43099 99.668 50491 50746 99.497
(New) U8 — U9 (Rund2)
Column U10 — U11(Run89) 44198 44301 99.768 37148 37338 99.491
esidual Cut 0.5 mm — 0.7 mm 42972 43099 99.705 50511 50746 99.537
0.5 mm — 0.3 mm 42895 43099 99.527 50436 50746 99.389
Sione Cut 0.01 — 0.013 43638 43795 99.642 51359 51623 99.489
P 0.01 - 0.007 41748 41877 | 99.692 | 48622 48856 | 99.521
8 ch = 11 ch 42956 43099 99.668 49378 49625 99.502
Boundary Cut
8 ch =+ 5ch 42956 43099 99.668 51609 51873 99.491
considered The numbers are statistically combined for estimating systematic uncertainty
In the past
INTT meeting Cheng-Wei Shih (NCU, Taiwan) 28



Hit Detection Efficiency (%)

Ratio to baseline

INTT meeting

etection efficiency

Run52

Column variation, Run52

e Baseline (Column 8)

O Column 9
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etection efficiency as a function of Y axis &k €

Run52 Run89

Residual variation, Run52 Residual variation, Run89
e Baseline (IResiduall < 0.5 mm) e Baseline (IResiduall < 0.5 mm)
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Hit detection efficiency as a function of Y axis gg& €

Run52 Run89

Slope cut variation, Run52 Slope cut variation, Run89
e Baseline (Islopel <0.01) e Baseline (Islopel <0.01)
o Islopel <0.013 o Islopel <0.013
+ |slopel < 0.007 = |slopel <0.007
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dS d funCtion Of Y aXiS sPH ENIX

Hit detection efficiency

Run52 Run89

Boundary cut variation, Run89
e Baseline (Hits of LO & L2 to edge < 8 channels)
o Hits of LO & L2 to edge < 11 channels
= Hits of LO & L2 to edge < 5 channels

Boundary cut variation, Run52
e Baseline (Hits of LO & L2 to edge < 8 channels)
o Hits of LO & L2 to edge < 11 channels
+ Hits of LO & L2 to edge < 5 channels

INTT meeting

Cheng-Wei Shih (NCU, Taiwan)
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Hit detection efficiency as a function of Y axis gg& €

The total systematic uncertainty in each bin is obtained by summing all sources in quadrature
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GC) 1_01_III|III|III|III|III|III|III|III|III|III GC) 1_01_III|III|III|III|III|III|III|III|III|III_

= N SPHENIX INTT Beam Test 2021 - = - SPHENIX INTT Beam Test 2021 -
® 1.008[— Total Syst. High ar - ® 1.008— Total Syst. High ar -

% - O gyst Elgﬂ (FD{qu(l;Inn Ivariation ~ % - O gyst Elgﬂ golu&nn Ivarlatlon -
4 i st. High, Residual cut variation 1 L ] - i st. High, Residual cut variation 1 L ]

M .006; ° Sgllst. High, Slope cut variation - Al .006; ~ Syst. High, Slope cut variation -

E - » Syst. High, Boundary cut variation 7 E - » Syst. High, Boundary cut variation 7
§ 1.0041- E 1F - § 1.0041 E -
% 1.002F - ) 4 F - % 1.002F = F -
> I e D |
- 0 —— 1L ; _— Y L 1F g
0.998 —r - 0.998 0 1 -
0.996 4 - 0.9961 4 -
[ Total Syst. Low 1 F — [ Total Syst. Low 1k —

0994: O gyst. Low, Column variation 1 ] 0994: O gyst. Low, Column variation ]

= st. Low, Residual cut variation 4+ . = st. Low, Residual cut variation .
0992: 0 Sgst. Low, Slope cut variation — — 0992: 0 Sgst. Low, Slope cut variation 1 —

| Syst. Low, Boundary cut variation 1L _ | Syst. Low, Boundary cut variation _

0.99||||||||||||||||||||||||||||||||||||||_ 099|||||||||||||||||||||||||||||||||||||||_

0-8 -6 -4-20 2 4 6 8 10 (Combined) “10-8 6 -4 -2 0 2 4 6 8 10 (Combined)
Y axis [mm] Y axis [mm]

INTT meeting Cheng-Wei Shih (NCU, Taiwan) 33



Hit Detection Efficiency (%)

INTT meeting

Run52

Hit detection efficiency (combined):
99.668 tY928(grqz.) +0-109(5y57 ) %

- B EEEn

—0.030 —0.144
1 02 B T T | T | T | T | L | T | 1 | L | I I i
§ SPHENIX INTT Beam Test 20217 [
101 -
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o | L LT LT T TP T PP PP .
98:_ e Data _:
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o7 -
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§ “Beam spot region shown only -
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101
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©
©
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Hit Detection Efficiency (%)

96

10-8 -6 -4-2 0 2 4 6 8

Run89

Hit detection efficiency (combined):

Hit detection efficiency as a function of Y axis gg& €

99.497 +0-031(srqr.) +0035( gy 1) %

= = 99% efficiency line

—0.033 —0.109
_I I L | L | I | L | I | L | L | I | I I i
- SPHENIX INTT Beam Test 2021 1L
e :
e Data —:

INTT Ladder Hit Detection Effi. (Comb.): 99.50 ™ ” (stat.) *° (syst.) %

*Beam spot region shown only

- B EEEE

Y axis [mm]
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Recap - hit detection efficiency of L1

Debut of fitting method with effi. under control: 2022/Jan/07

Debut of DUT method: 2022/Dec/02

Table 1. The sources of the systematic uncertainties affecting the detection efficiency calculation.
Sources Scan range Uncertainty (%)
Residual cut 0.164 mm-0.304 mm 0.063
Slope cut ~0.0088-0.0112 3% 10-3
Edge effect Och-10ch 4 x 1074
Total 0.063
99.33 + 0.04(stat) & 0.06(sys) %
From Run52, hit detection efficiency (Combined): 99.668 +t9-928(szqz) +U-109( gy 67 ) 9

—0.030 —0.144

* In ELPH report, the average of variation is used as uncertainty (insensitive to the tested variations)
* |In new result: differences are summed up in quadrature (conventional way)
* |In new result: one more source considered: column variation

* 0.234 mm (0.5 mm) is used for Residual cut in ELPH (New results)
 Good agreement with MC in residual distribution obtained, therefore loose the selection a bit
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Recap - hit detection efficiency of L1

Debut of fitting method with effi. under control: 2022/Jan/07
Debut of DUT method: 2022/Dec/02

The previous plot (the one on ELPH report) The new plot with same bin width for comparison
|—|1028PHENIXINTTBeamTeSt2021 102_|||||||||||||||||||||||||||||||||||||||__ |
<0 - F'{u'n &'32' D'eé 1'0 '2(')2% - - SPHENIX INTT Beam Test 20217 |
B ’ ’ - — 101F JF .
g 101 - R PN :
S - - & 1005 - 4 F -
= 100 - S I SRS SAERE SRR SR o ][ ==
) - —+- N + 4 - .% - T -
- i BRETREES ] = QOpmmmmmssemmssssssss s = premee- o
O QOpesrssssasannnaana- T '-f'-i-+ -------- - LI . i
O . _ C i i
% - - S 98 ' Data JF h
a 98:_ -== 99% efficiency line _: § - = = 99% efficiency line -
i : 2 971 4F -
o7 — - -
- ] % "~ INTT Ladder Hit Detection Effi. (Comb.): 99.67 ;’:j (stat.) _*(2'114‘ (syst.) % i
B - 96__ 1 —]
06— — - “Beam spot region shown only -
: * u : _I 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 I_ i | |
ol . . . . Deam spotregion shown only- 086420 2 4 6 8 100w
-10 -5 0 ) 10 Y axis [mm]

Track position [mm]
In comparing the baseline data points, basically same shape
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Final, Run52 & Run89 combined

Wider coverage in Y axis: -10 mm to 6 mm

Column variation, Run52+Run89 Residual variation, Run52+Run89
e Baseline (IResiduall < 0.5 mm)

e Baseline (Run52: Column 8, Run89: Column 10) o IResiduall < 0.7 mm

0 Run52: Column 9, Run89: Column 11 = |Residuall < 0.3 mm
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Final, Run52 & Run89 combined

Wider coverage in Y axis: -10 mm to 6 mm

Slope cut variation, Run52+Run89 Boundary cut variation, Run52+Run89
e Baseline (Islopel <0.01) e Baseline (Hits of LO & L2 to edge < 8 channels)
o Islopel <0.013 o Hits of LO & L2 to edge < 11 channels
= Islopel < 0.007 «= Hits of LO & L2 to edge < 5 channels
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*Statiscial error bars of varied data points are removed for better visualization *Statiscial error bars of varied data points are removed for better visualization
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Final, Run52 & Run89 combined

Numberstobein it detection efficiency (Combined): 99.576 t0-V21(grqr) V9 (syst.) %

paper (tentative) —0.022 —0.125
GCD 1-01_' o | I | I | I | I | I | I | P | I | I I_ B ] 102_| L L | T | 1 | T | 1 | L | T | 1 | L | i
= : SPHENIX INTT Beam Test 2021 + : i SPHENIX INTT Beam Test 20217 [
© 1.008— ot syst High 0 ~ .
% - O gys’{_. Elgﬂ golqénn Ivaritatior_\ . ] @ 101__ _— 5 -
M 1.006F * syet High Slope cut variation qr B < -
—~ » Syst. High, Boundary cut variation ] >~ = i
S 1.004 - 1 - 2 100F I N
= - - ’ L) R —— i
g 1.002 1L "~ O 99;__ ____________________________________ S I -
] - = 4k i 4 - :
R e R TR :
L 1L i CC) 98_— H E
0.998F JE - S 98 [l :
0 996: Z Qo - == 99% efficiency line -
- a 1 ~ O — | _
i - a I -
0.9945?:{\‘%?-' Eg\?\;‘ (lsg\lll\jmn Lariation 1F - E " INTT Ladder Hit Detection Effi. (Comb.): 99.58 °% (stat.) **%® (syst) % ]
-« Syst. Low, Residual cut variation - 96__ -1 C —
0-9920 + SIat Lo Botmcy oot vamion EI : "Beam spot region shown only -
099||||||||||||||||||||||||||||||||||||||_ 95_|||||||||||||||||||||||||||||||||||||||__ ]
-10-8 -6 -4 -2 0 2 4 6 8 10 (Combined) -10-8 -6 -4 -2 0 2 4 6 8 10 (Combined)
Y axis [mm] Y axis [mm]

Plot to be in paper (tentative)
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Number of reco. tracks compared to MC

 Data Run64 (thin lead plate in between beam and INTT telescope)

e Method:

- Track reconstruction performed by looping over clusters of three layers in each column

- The combination quality is evaluated by fitting the clusters with slope line. The combination
with the smallest reduced chi-square is checked

- Good reco. track: Residual (L1 - L2LO0 interpolation) < 0.5 mm
- One column could have more than one reconstructed track in one event
- Single cluster can only be involved in one track

Dark b
- All 13 columns are checked ark box

= |-

e Key correction: L1 alignment correction for all 13 columns Lead plate

 |n data, events with clone hit are discarded
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Number of reco. tracks compared to MC  EZ&'O

* |n Data: L1 alignment correction for all 13 columns
* By fitting method (each column has different L1 alignment correction) “Not to scale

« Beam spot not wide enough to coverage the whole ladder
 The ladder L1 is slightly tilted in the Z axis with respect to LO&L2

SPHENIX INTT Beam Test 2021 sPHENIX INTT Beam Test 2021

11 alignment correction (TypeA) [mm]
11 alignment correction (TypeB) [mm]

Column ID Column ID

* |n Simulation: No L1 rotation, correction for all columns given by average of L1
alignments measured by columns U9, U10 and U11 (beam spot region)
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Number of reco. tracks compared to MC  g&&

In L2 of Run64, two hot channels

found in column 4 and column 6 Columns U4 & U6 rejected All columns included

Beam spot region = 10g Ty o 10
S < SPHENIX INTT Beam Test2021 3§ £ [ SPHENIX INTT Beam Test 2021 -
o 250 B - 1= < 0, 1= -
[ | 2 = = = = =
% UCJ 107 & = UC-' 107 = =
< = = = =
O 200 - . - .
1072 == = 107° = =
150 10 - - 10° =
10-4;— —; 10-4%— —%
100 E E - _]
107° = —= 107 = =
O b o T T T = O b o T T T =

50 Q 14f : Q 14E
C\U 1.2:— ''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' — C\U 1.2:— ''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' —
B A e = T S S e e et S S =
D 08_ ....................................................................................................................................... _; D 08_ ....................................................................................................................................... ]
0 0.6 e 0.6

0 2 4 6 8 e” 10 ) 0 2 4 6 8 ) 0 2 4 6 8

Chip ID (13 -> 1) Number of reco. tracks Number of reco. tracks

Good agreement b/w data and MC regardless whether columns U4 and U6 are discarded or not
Very good noise hit rejection by the 3-hit tracking
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Number of reco. tracks compared to MC  g&&

Reco. good track positions

(All column included)
In L2 of Run64, two hot channels (X axis coordination opposite)

INn column 4 and column 6

Bea sot rgln h2D_TrackPos

N
o)
o

Channel ID

10

Y axis [mm]

N
o
o

R

150 10°

100

10

50

| I | ]
® & A N O N » O @

Column ID

0 12
Chip ID (13 -> 1)

Good agreement b/w data and MC regardless whether columns U4 and U6 are discarded or not
Very good noise hit rejection by the 3-hit tracking

INTT meeting Cheng-Wei Shih (NCU, Taiwan) 43



Recap - Number of reco.

New plot
(All column included)
(Clus-Fit deviation requirement: 0.5 mm)
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Plot to be in paper (tentative)

INTT meeting

tracks compared to MC E&L

(All column included)
(Clus-Fit deviation requirement: 0.234 mm)

New plot
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L — O

* | would like to request the approval for following plots for publication
* Energy deposit distribution
* Residual distribution comparison with MC
* Hit detection efficiency (the values and plots)
 Number of reconstructed tracks compared with MC

* The analyses of the introduced topics are completed, improved and reproducible, and to
be included in the paper

 The results are consistent with what presented In the past

* Please raise hand if you have any questions and comments

* | will be moving on preparing the paper draft if no major update in analysis method
required
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Plots and humbers request to be approved Ei&
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Structure of paper (tentative)

A B C

Understand the basic detector performance Therefore performing
* High signal purity Hit detection effi. > 99% tracking. Result shows
Good agreement with MC good agreement with MC
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Clustering - 1

Clustering was performed column by column
Tracking algorithm

Slot Original coordinate  New coordinate
Ull

Channel ID O Channel ID 255

Channel ID 127
Channel ID 127

N\ 11
12
d 3
Beam U24
U2 U24 0 Channel IDO
9 Hits (noise or signal ?)

42
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SPHE
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Clustering - 2

Clustering was performed column by column

Tracking algorithm

New coordinate Slot Energy-weighted method is applied
Ull
Channel ID 255 bl _ 5. o8
J ZTL ETL
Cluster 1 C, : position (mm) in y-axis of

channel n in cluster

E, : energy deposit of channel nin
cluster

P, :final position in y-axis of cluster ]
Cluster : the adjacent channels

]

I Cluster 2

i Cluster 1 Cluster 2
I

N\ 11
12 — = —
Chan_id:3456 8910
Beam ~ I Uoa 3 — —
T Cluster 3 reduce
Y

9 fired-channels -> 3 positions

Channel ID O

U24

43
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DAC Scan table )

INTT meeting

RunNumber | adco | adc1 | adc2 | adc3 | adcg | adcs | adcé | adcey
71 88 92 96 100 | 104|108 [ 112 |- 116
72 108 |- 312 110 |- 120 124 128|132 - |- 130
73 128 | 132 | 136 | 140 | 144 | 148 | 152 | 156
74 148 | 152 | 156 | 160 | 164 | 168 | 172 | 176
75 8 12 16 20 24 28 32 36
76 28 32 36 40 44 48 52 56
7 48 52 56 60 64 68 72 76
78 68 72 76 80 84 88 92 96

Cheng-Wei Shih (NCU, Taiwan)

Table 1: The threshold settings used for the DCA-scan runs.
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