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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 i
- Beam time: 2021/Dec/07 to 2021/Dec/10 a2
* Positron beam with energy of 800 MeV was used*
* Main goal: ladder hit detection efficiency
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(vertical) scintillator1 tillator?

Customized Geant4 model,
main developer: Genki — -

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

*Beam energy has been confirmed with the ePIC ZDC beam test TW team
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Analysis overview O

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

- Analysis note: https://www.overleaf.com/read/ttchfvmcrppt#6156dc
- Analysis code: https://github.com/ChengWeiShih/Final BeamTest2021 Publication
- Target Journal: NIM-A

* Energy deposit distribution (DAC Scan)
- Systematic uncertainty accounts for different way to matching distributions

e Scattering relevant distribution compared with MC

* Hit detection efficiency
- Re-estimate the systematic uncertainties
- Rund2 and Run89 combined

 Number of reconstructed tracks compared with MC
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https://www.overleaf.com/read/ttchfvmcrppt#6156dc
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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 selected (Column9, 10, 11) ———
e Single-hit clusters selected ==
e Overflow bin (bin 8th) removed in each scan

12
Chip ID (13 ->1)
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DAC Scan - matching b/w scans

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

. Example: scale applied on scan4 = (SizeS¢¥3 + SizeS¢9)[(Size ™ + Sizesc™)

bing bin, biny bin,
* (Same method used previously)
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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 - Combine bins

The disagreement in the overlap bins between scan2 and scan3, observed multiple times
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DAC Scan - matching b/w scans
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DAC Scan - final with fit sPHE

» Signal component: Landau-Gaussian convolution

« Background: Exponential + Gaussian
* Fitrange: 8 to 140 DAC
* Signal Purity {DAC =z 40}: > 99.3%
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Matching Scan2 and Scan3 in different way
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Here the matching of Scan2 to Scan3 is only by Bin6th of Scan2 and Bin1st of Scan3
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Comparison
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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 in 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
S| seakuxTT seam o201 | Deou: 202002 Debut: 2022/Decllg
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Plot to be in paper (tentative)
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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:
* L1 mis-alignment correction and LOL1 slope re-centering applied
 Event selection:

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

e |LOL1_slope| < 0.01

e |LOL1_avg_pos| <5 mm (Ladder coverage: +10 mm) E
 Smallest residual: L1 - (L2L0 interpolation) .

* Quantity used in hit detection efficiency study 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
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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 at 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)

1 O LI | LI | LI | LI | LI | LI | LI

 Event selection:
* Single hit in each layer

5 F =
 Data: Run52, Column U8, events with clone hit are discarded % 1— SPAENUEINIT Beam Test=02 _
 MC: beam spot at center of ladder, U11 is used Em— _
» For both data and MC: 10_ E

* L1 mis-alignment correction and LOL1 slope re-centering 10 E
applied 10t - =

—
S
(6)

* Hits should be at Selected Column (SC) % Z_

e |LOL1_slope| < 0.01 8 F

» |LOL1_avg_pos| < 5 mm (Ladder coverage: +10 mm) 21 L
 Smallest residual: L1 - (L2L0 interpolation) L1 - (L2L0 interpolation) [mm.

* Quantity used in hit detection efficiency study

Agreement between data and MC is reasonable well
INTT meeting Cheng-Wei Shih (NCU, Taiwan) 18



Recap - Scattering comparison

The new plot

Debut: 2023/July/20

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

--Data
MC

--Data

[ IMC

§—
=

—h
o
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I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| T
IIIIII IIIIIIIII IIIIIIIII IIIIIIIII IIIIIIIII IIIIIIIII L L

—k
<

62
£

Data/MC

Data/MC
N
]

27708 06 -04 02 0 02 04 06 08 1 Residual [mm.

L1 - (L2LO interpolation) [mm]

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 L1
 Data: Run52, Column U8. Events with clone hit are discarded
L1 mis-alignment and LOL2 slope corrections applied

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 6 mm)
Goodtrack | oo ciqial CL1 - CL2&CLO interpolation| < 0.5 mm
classification

Good Events and L1 Good Hit Found ~ LO[]L1{)L2

Effi. = —
I Good Events LO() L2

INTT meeting Cheng-Wei Shih (NCU, Taiwan) 20




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

©0000F L L
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12000~ } -

10000~ -

80001 =

60001 =

4000F L -

i S

~0.04 -0.02 O 0.02 0.04
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 6 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

ICL1 - CL2&CLO interpolation| < 0.5 mm

INTT meeting

Effi. =

Good Events and L1 Good Hit Found LO(L1()L2

Good Events LO() L2
Cheng-Wei Shih (NCU, Taiwan)

27



Sources considered for estimating the systematic uncertainty

Hit detection efficiency - systematic unc.

SPHE

Runb52 Run89
Source Variation
Numerator | Denominator |Efficiency(%)] Numerator | Denominator |Efficiency(%)
Baseline 42956 43099 99.668 50491 50746 99.497
Ug — U9 (Rund2)
Column U10 — U11(Run89) 44198 44301 99.768 37148 37338 99.491
R esidual Cut 0.5 mm — 0.7 mm 42972 43099 99.705 50511 50746 99.537
0.5mm — 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 — 11ch 42956 43099 99.668 49378 49625 99.502
Boundary Cut
8 ch = 5ch 42956 43099 99.668 51609 51873 99.491

INTT meeting

All above 99%

The numbers are statistically combined for estimating systematic uncertainty

Cheng-Wei Shih (NCU, Taiwan)
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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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Run89

Column variation, Run89

e Baseline (Column 10)

O Column 11
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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)
o |IResiduall < 0.7 mm o |IResiduall < 0.7 mm
+ |Residuall < 0.3 mm = |Residuall < 0.3 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& €
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Hit Detection Efficiency (%)

INTT meeting

Run52

Hit detection efficiency (combined):
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Recap - hit detection efficiency of LO

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, the average of variation is used as uncertainty (Insensitive to the tested variations)
* |n new result: Direct differences are summed up in quadrature (conventional way)
* |In new result: One more source considered: Column

 0.234 mm (0.5 mm) is used for Residual cut in ELPH (New results)
 Have the good agreement with MC, therefore loose the selection a bit
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)

Recap, detection effi. as a function of Y axis gk €

The previous plot (the one on ELPH report) The new plot with finer bin for comparison
1 02 SPHENIX INTT Beam Test 2021 1 02 _I I R | L | R | R | L | R | L | R | I I_ i
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- i + T4 + i = OOpsssessssssscssssssssssnnennnnannnanns = prmmen- -
S QQF-reramreranearanns g o S S - TTH: :
O N ’ = - ]
% - - S 98 |+ Daa JF _
o 98 --- 99% efficiency line - @ [ - o0%effiency ine -
- - o oF 1r E
97 - _: E E INTT Ladder Hit Detection Effi. (Comb.): 99.67  * (stat.) *''(syst.) % E
- - 96__ - —
06— — - *Beam spot region shown only - ]
: * . : _I 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 I_ i | |
osh . .. o . Deam spotregion shown only- %08 6 420 2 4 6 8 10Crm
-10 -5 0 5 10 Y axis [mm]

Track position [mm]

In comparing the baseline data points, basically same shape
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Final, Run52 & Run89 comb

Column variation, Run52+Run89 Residual variation, Run52+Run89
e Baseline (IResiduall < 0.5 mm)
o |Residuall < 0.7 mm

0 Runb52: Column 9, Run89: Column 11 = |Residuall < 0.3 mm

e Baseline (Run52: Column 8, Run89: Column 10)
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Final, Run52 & Run89 comb

Hit Detection Efficiency (%)

Ratio to baseline

INTT meeting

Slope cut variation, Run52+Run89
e Baseline (Islopel <0.01)
o Islopel <0.013
+ |slopel <0.007
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*Statiscial error bars of varied data points are removed for better visualization
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Boundary cut variation, Run52+Run89
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o Hits of LO & L2 to edge < 11 channels
= Hits of LO & L2 to edge < 5 channels
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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
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Plot to be in paper (tentative)
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Number of reco. tracks compared to MC
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Number of reco. tracks compared to MC  g&&

10 = - Debut: 2023/Feb/17
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Plot to be in paper (tentative)
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Rl — O

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

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

* 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
require

* The draft will be largely based on our ELPH annual report
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Plots and numbers request to be approved EiE

Hit detection efficiency (Combined): 99.576 T9-021(grqt.) t0-U75(gys5t.) %
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Clustering - 1

INTT meeting

SPHE

Tracking algorithm

‘11
12
—'> 3
Beam U24
U25
U2

Slot Original coordinate  New coordinate
Ull

Channel ID O Channel ID 255

Channel ID 127
Channel ID 127

b |

U24 0 ChannelIDO

9 Hits (noise or signal ?)

42
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Clustering - 2

INTT meeting

Clustering was performed column by column

SPHE

Tracking algorithm

Beam

é

u24

New coordinate

Channel ID 255

3

UZS‘
U26"UChannel ID O

Slot
Ull

Cluster 1

—

i

I Cluster 2
iﬁ

I

Cluster 3

U24

Energy-weighted method is applied

Pl — Zn CnEn
J 2n En
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

Cluster 1 Cluster 2
Chan_id:3456 8910

reduce
9 fired-channels -> 3 positions
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