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JINTT Beam Test 2021

A new testbeam experiment was performed at the end of 2021, ELPH, Japan.

Mian goals :

1. measure the detection efficiency again.

2. answer the question why the efficiency can
be only up to 96% in testbeam 2019 ?

mini Sci.

(Pb plate)

The basic setup
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’ Tracklng algorithm

. In one event, only the best track is studied.
2. Particle tracks are assumed to be straight lines.
— Low radiation length of INTT ladder.
— Zero Magnet environment.
3. Event-profile.

i Categorization i 111 111
¢ Count the number of the layers whose selected Chlp has at Ieast one hit

i » If count = 3 — algorithm-1 is applied I I I
* |f count =2 — algorithm-2 is applied I I Count = Count _
il

§ » Ifcount=1o0r0 — skip

o » | OL1L2 V,L0L1
¢ Algorithm-1 ,.'_ 110 101
1 1. Fit all combinations and pick up the one © 3
3 with minimum x2 / NDF M‘ Event-profile |
§ 2. Check the residual (R) of each layer m 111 -
¢t 3. If < tolerance — event-profile 111 |V '
t 4. If > tolerance — algorithm-2 is applied gy
; Algorlthm 2 Qutlier hit No hi
{ 1. Ignore the layer with no/outlier hit ;. Efficiency calculation (layer-0)
¢ 2. Check the position difference of the rest Event-profile | @8 Event-profile |
i 2 layers, and assign the event profile g AU N | I X 000 number of 111 event .
i 3. If < tolerance — 110, 101, 011 I B i number of 111 event + number of 011 cvent
t 4

. |If > tolerance — 000 LO L1 L2 LO L1 L2
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” Before efficiency - correction

Reality :

X axis Y axis Z axis

- 1Y 55 e,
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Before

'Before efficiency - alighment

layer0 Y axis residual layer1 Y axis residual layer2 Y axis residual
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’Before efficiency - alighment

Y Layer Module
Alignment on longitudinal axis Layer-0 1
INTT : strip detector — no resolution on X axis.
X Layer-1 6
Layer-2 S

Charged particles

Raw data from beam test 2021, single event.
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L1 U12 U9 i
Z J +
* * * * 1 * *
LO U112 U9 L :
Longitudinal axis (X) chan_id is close to each other, but one chip_id difference.
With LoE_removal Without LoE_removal
detection eff. vs window size detection eff. vs window size
< 100r — < 100r g
f ol .~ | Fa —
g YA e [/
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A function “LoE_removal” is § -~ | § 1

introduced to remove such event.
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Such event doesn’t contribute to the
efficiency calculation.

Improvement, ~ 7 % for layer-2.
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' Before efficiency - single chip selection

Slide from Genki
Residual, the simplest way By = gy = ey~

Ay = chy = chy yaeping = hy — {chy + (chy = chg)} = chy — 2chy + chy (= Ay)

n Residual as a function of chip column
Run89
A1 = Chl - Chl,tracking A2 = ChZ - Ch2,tracking

Alignment correction, ladder1, Run89 Alignment correction, ladder2, Run89
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Chip column Chip column

The amount of correction might be chip dependent.

chipzid

sooiwa eqriegmp_l;janse

— _ Run52 L [,
Current solution (simple) : select :
only one chip for efficiency study. “F
Statistic seems to be still enough o
(all BCO group is included). £

; —
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https://indico.bnl.gov/event/15114/contributions/61186/attachments/40246/67178/20220317_analysis.pdf

'Before efficiency - determination

Boundary cut determination Detection efficiency vs boundary cut
Layer -0 Layer-1 Layer-2 100.2 oo
T Lgyer-o + Layer-1 ' - Layer-? o # ofZ HHH event:
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988 0 20 40 60 80 100

the Coulomb scattering. Boundary cut (ch)

Window size tolerance

Detection eff. vs Window size i Entries 56101
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|

In principle, the efficiency Current determination : 3o of the double Gaussian
increases as window size enlarges. fitting on the layer-1 residual distribution of each run.
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'Detection efficiency

Chip selection single highest entry
BCO group all
Window cut float 30 of double Gaus
Transverse alignment V
Longitudinal misalignment rejection V
Boundary cut V +5 channels
Detection eff. vs run ID
—~ 100— i ; 7 ;
Run ID | effi. LO (%) | effi. L1 (%) | effi. L2 (%) RN +ﬂ' ++ +ﬁ +i+ +;+
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© | —e— Layer
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58 9463igg ggsgiggg 99 18+8 83 93;_ ..........................................................................................................................................................
88 99-27'1'88‘; 99 73+8 83 99.16'1'882 925_ ........................................................................................................................................................
91__ ........................................................................................................................................................
89 99.621092 | 99.78+002 | 99.16+9%4 5 | | | | | | | |
go_lllllllIIIIIIIIIIIIIIIIIIIIIIIIIII
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The detection efficiency can be up to 99.7%, all layers 99%.
Fits the sPHENIX requirement !




” Detection efficiency

* One hypothesis to explain the efficiency of testbeam 2019 :
 The beam clock and the INTT clock were not synchronized.
 The INTT may not have enough time save all hits.

* |n testbeam 2021, we were able to measure the event process
time (BCO phase).

L s  RHIC beam
<4+—> = : = ¥ = ¥
I " | 0'-00} INTT clock
Width of INTT clock 4 C *D - ) ? (\o\‘
2" ELPH Beam

N
BCO phase <
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Old result, only first BCO group

’Detection efficiency

Approach 1, all checked runs, except run 58.

Detection efficiency vs BCO phase, 10 Detection efficiency vs BCO phase, I1 Detection efficiency vs BCO phase, 12
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* Approach 2, layer-1 of run 58

The BCO phase distribution of 011 event of run 58

A.U. 16

14
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106 ns
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BCO phase )
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1 I 11 1 l 11 Tll 11 1 [ 1 1 1 I 11 1 l 11 1 l 1 1 1
800 1000 1200 1400 1600 1800 2000 2200
BCO phase

The event process time (BCO phase) seems to be independent to the
efficiency, it could be due to too high event rate = INTT cosmic telescope !
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'INTT ladder energy deposit

FPHX chip : 3 bits — only 8 bins to describe the distribution.
To cover the full energy deposit distribution of ladder and have good resolution = DAC Scan

DAC Scan :

1. Narrow range, multiple runs.

2. Each run has 3 bins with same adc setting
as the setting of previous run.

3. 5th and 6th bins : overlapping bins for
scaling between distributions.

4. 7th bin : overflow bin, neglect.

The adc setting of each run

run1|run2({run3|(rund4{run5|run6|run7 |run 8

adcO| 8 28 48 68 88 | 108 | 128 | 148
adc1l| 12 32 112 | 182

adc2| 16
adc3| 20 40 60 80 | 100 | 120 | 140 | 160

adca| 24 | 44 | 64 | 84 | 104 | 124 | 144 | 164

adcb| 28 | 48 | 68 | 88 | 108 | 128 [ 148 | 168
32 132
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'INTT ladder energy deposit

1. Only the good events

— low noise
2. Once single hit

Histogram matching

- 1000¢ ~ 1000 5 1000¢
< E < c < E
Layer-0 Layer-1 Layer-2
8001 8001 800
700 700F 700
6001~ 600 600
5005 5001 500
4001~ 400~ 400
3001 300 300
200 200F 200
100 I -| 100F- i 100F -|
GV‘I‘_Lu LN N N N N Y S A AU AN Gk\_gxlw.a—a—l\\\‘\w‘w\‘m\\ | I A Gk\_x_u—i FRTE FHN  F P = AT I
0 20 40 60 80 100 120 140 160 180 20( 0 20 40 60 80 100 120 140 160 180 20 0 20 40 60 80 100 120 140 160 180 200
ADC ADC ADC
D: 1000: :J 1000: D 1000:
< % Oi Hoa method root con method < 9 Oi Hoa method root con method < 20 Oi Hoa method root con method
E * Width = 4.400 =+ 0.288 * Size =180.02 =7.76 E * Width =1.093 +0.170 * Size = 440.46 =131.54 E * Width = 2.669 =+ 0.335 * Size =242.28 +22.80
800F *MIP =71.427 +0.406 *MPV =7253 +0.40 800F *MIP=75.422 +0.426 «MPV =75.94 =0.78 800 <MIP=73946 =0.528 *MPV =74.67 =0.46
E * Area = 20489.48 =+ 385.27 * Land width = 4.40 + 0.28 E * Area = 19262.15 +290.29 * Land width = 1.03 = 0.34 E * Area = 24200.40 =+ 357.88 * Land width =2.67 + 0.33
700; ¢ sigma = 10.331 +0.732 * Gaus width = 10.33 = 0.73 700; * sigma = 16.854 = 0.307 * Gaus width = 16.94 + 0.48 700; e sigma = 14.945 = 0.456 * Gaus width = 14.94 = 0.45
600; * x2/ndf = 845.726/16 = 52.858 * x?/ndf = 845.6/16 = 52.85 GOOi ¢ x@/ndf = 52.053/19 = 2.740 ¢ x2/ndf = 52.0119 =2.74 600; * x2ndf = 98.675/19 = 5+1 93 e x@ndf =98.7/19 =5.19
C E F |
500F 500F 500~
400 400 400
300 300 300F
200F 200F 200~
100 N 100 100
- |- |- -+
0‘ \\‘\\\‘\\\‘\\\‘\\6\. Oi \\\‘\\\‘\\\‘\\\\v R I Gk‘*-"J \H‘\H‘\H‘\H‘\’?H\H‘ I
0 20 40 60 80 100 120 140 160 180 =20( 0O 20 40 60 80 100 120 140 160 180 20 0 20 40 60 80 100 120 140 160 180 200
ADC ADC ADC

Average MPV of the distributions : 73.6 adc

15 ~ 20 adc seems to be a good range for threshold setting to reject most of the noise.
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' Coulomb scattering angle

Geant4 model of testbeam 2021

Fitting function : Gaussian + student’s t

_(0-w)?
1O =N (1-a) hpe 6 +

L) (0—p)? \— 241
a - MGQF(%)(l—I— Va’; ) 2 )

-2 : 75.29, NDF : 43, y/NDR} 1.75 10% 32 : 43.39, NDF : 16, %NDF ¢ 2.71
, Scale : 0.0001 - Scale : 0.000
10 v : student-tail v : student-tail
- student-width : 0.0C student-width : -0.0004
" gaus-width : 0.0055 10° Fgaus-width : -0.0048
10° | gaus-fraction : 0.14 Data - gaus-fraction : 0.97 . MC
[0] 11 12 1
- 10°E
107
I ' 3:slopeof2-1
I t 101
3 10 R4 I :
1E T e | ‘ ‘
:llll|Illlllllllllllllllllllll :||||||[[||| |||||||||||[
-0.3 -0.2 -01 0 0.1 0.2 0.3 -0.3 -0.2 -0.1 0.1 0.2 0.3
slope 3 - slope 2 slope 3 - slope 2

The discrepancy between the data and MC is big, requires further investigation.
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” Unresolved issues

 DAC Scan edep difference, 2019 and 2021
* Offset determination

* Felix & FEM # of event difference

 Run 88 & 89 - satellite peak

 Asymmetry hit distribution

* Scattering angle
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'Unresolved problem - edep difference

Testbeam2021, 50 V Testbeam2019, 100 V
Positron beam, 1 GeV Proton beam, 120 GeV

DAC Scan all I1 _ )
ifem=1 chip=45
- 1000¢
< 900; Fit parameters - Signal 0.45 -+ — Total Fit
- * Width =1.093 =0.170 - — Signal
- - Noise1
800— *MIP = 75.422 +0.426 0.4 :l _ Noise2
- « Area = 19262.15 = 290.29 - — TotNoise
700~ ) 0.35 .
C . =16.854 =0.307 -
g o = Signal The peaks are different
600 Fit quality 03l o Width = 454+ 0 49
N I _ - *MIP = 118.91+0.65
= * x?/ndf = 52.053/19 = 2.740 - *Area=7+10 H H
5001 025 L3ma = 1530 £087 Based on series of the studies and
u - vArgal =910
400F 02 -ssam -47240057 | theory, 2019 edep seems to be correct.
- = » G-sigma2 = 8.27 = 0.62 .
300; 0'15: » y2inot = 57.9/52 = 1.11 2021 edep ShOUId be hlghel’
200F- 01
100 0,05/
G:\L.L TS SN NN I P TR A 0:, R R T
0 20 40 60 80 100 120 140 160 180 200 50 100 150 200 250
ADC ADC Count

Flectric field at non-fully de@leted voltage

§ This area between strips might not
be depleted even slightly below the

y depletion voltage. Thus we cannot
developed towards the last stage of expect efficient charge collection

fully depletion voltage. ¥ i e FreE
P p

Electric field between strips are

The best way to prove
this hypothesis is to see
the position dependence
of the resolution within
the strip width.

We'll see a dip in the
efficiency distribution
around the edge of a strip.

Currently best guess, slide from Itaru

The electric field just below strip is Not sure if this is doable
well developed as a function of bias ‘ with cosmic ray---
voltage. This directly appears as CV

respanse.
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Unresolved problem - Offset

o HII== >, = ~ — ~
FEMAEES =1L —S 3> DR 26
x U1 ABOHE EBEITRILF—EBEDTH
HA Al #J100ev/fC 85eV/fC 100eV/fC
| AJEv b 198mV 198mV
E—2E 1y b 450~600mV 450~600mV 600~750mV
2By b 750~900mV 750~900mV 750~900mV
= — |
wo}- ) -
7w b= 1 ':
B:.EvhkE&E=2 _ —
%:‘ ‘n;)[l :Ju o -' gyt L ‘4:‘::' ' 'm-f_"u'n N
. SAB85eV/fC. A Ttzw h198mVDEF, £ EEFEHZEDT —4 (AL
KR CRIE U FEFER TH D, FEEOIR/ILF—IBESMOE—-OZER TSI,
2/21/2020 NVFEFRFARRES SERS
Offset value 200 mV from the experiment of NWU.
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” Unresolved problem - Offset

silicon .
B B Kk P link t
eam eam energy thickness (um) edep (keV) aper lin note
1 Proton 1 GeV 300 um 130.8 + 3.8 keV link1
2 Proton 115 GeV 300 um 85.5+ 2.8 keV link1
3 Proton 50 GeV 300 um 85.79 keV link2
4 | Proton 50 GeV 320 um 92.4389 keV link2 interpolation from
— link2, Table 2
5 | Proton 12 GeV 320 um 90.158 keV link Extrapolation from
link3, Figure 11
6 | Proton | 120 GeV 320 um 111.697 keV Testbeam2019,
Gain 100, Offset 200
Testbeam2019
7 Prot 12 V 2 297 keV ’
roton 0 Ge 320 um 93.297 ke Gain 100, Offset 280

For testbeam2019, the peak with a setting of gain 100 and offset 280 can be consistent

with other experiments.
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https://journals.aps.org/pra/pdf/10.1103/PhysRevA.28.615
https://journals.aps.org/pra/pdf/10.1103/PhysRevA.28.615
https://iopscience.iop.org/article/10.1088/1748-0221/17/01/P01015/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/17/01/P01015/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/6/06/P06013/pdf

*without bin width correction

' Unresolved problem - Offset

A.U.

A.U.

energy deposit 1 hit cluster

File name : NCU_fphx_raw_module_0_20210727-1436_0

0.71
0.6
B Cosmic test, 2 scintillators
- 1 hit cluster, MPV : 80.918 Width : 3.910
0.5
0.4l MPV : 80.918
0.3k
0.2
0.1 /\\
- / \
07\\\‘\ ] IT 4&‘\\\\‘\\\\‘\\\\
0 50 100 150 200 250 300 350 400
edep (ADC)
energy deposit 3 hits cluster
0.7 File name : NCU_fphx_raw_module_0_20210727-1436_0 Edep, cluster size : 3
T Entries 1014
- Mean 160.1
0.6 StdDev  64.02
B Cosmic test, 2 scintillators
0.5
B 3 hits cluster, MPV : 118.108 Width : 11.784
0.4
0.3
0.2
0.1 i
07\ Ll bl L0 I = s = ) M - |
0 50 100 150 200 250 300 350 400

edep (ADC)
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A.U.

A.U.

energy deposit 2 hits cluster

File name : NCU_fphx_raw_module_0_20210727-1436_0

0.7p
0.6
B Cosmic test, 2 scintillators
0.5 L 2 hits cluster, MPV : 93.825 Width : 14.543
0.4f MPV : 93.825
0.3F
0.2
0.1
07\\ \7\,\‘, I T T n;n:‘\www‘\\\\
0 50 100 150 200 250 300 350 400
edep (ADC)
energy deposit 4 hits cluster
0.7 File name : NCU_fphx_raw_module_0_20210727-1436_0
0.6
B Cosmic test, 2 scintillators
0.5
E 4 hits cluster, MPV : 160.858 Width : 18.827
0.4~
0.3
0.2
0.1 ]
7\ Ll ‘ Ll [ 1 | | |

OO
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50

100

300 350 400
edep (ADC)

150 200 250

Linear scale
With normalization
(Fine bin)

energy deposit

File name : NCU_fphx_raw_module_0_20210727-1436_0

- 0.7
?(. |:’1 hit cluster |:|2 hits cIusterDB hits cluster|:|4 hits cluster
— GausXLand — GausXLand — GausXLand — GausXLand
0.6—
B Cosmic test, 2 scintillators
- 1 hit cluster, MPV : 80.918 Width : 3.910
05 - 2 hits cluster, MPV : 93.825 Width : 14.543
B 3 hits cluster, MPV : 118.108 Width : 11.784
B 4 hits cluster, MPV : 160.858 Width : 18.827
0.4
0.3
0.2
0.1j o\ =
L N
B ~
07| ! e : an e e e S
0 50 100 150 200 250 300 35 400
edep (ADC)

mV =4 *adc + 210

(93.825-80.918)*4+210 = 261.628
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' Unresolved problem - Felix & FEM event num. difference

Slide from GenKki

FEM readout Felix readout Felix/FEM

Duration mim) D Duaton () D
Parameters  Module, chip, ch, ADC, BCO, BCOfull, etc éParameters Chip, ch, ADC, BCO,
#hits from é#hits from
Canon 2176188 Caport 6973600 320%
#hits on é#hﬂson !”
g;irﬂ fr[om 867372 chip2from 2359665 272%

po

SCSpon

* Question : the FEM board loses at least 50% ~ 65% of hits (or events), why the

detection efficiency can be still up to 99.7% in the testeabm experiment ?

 Hypothesis : what FEM loses is “the entire event” instead of “hit”.

— At the same test condition, the # of hit in BCO group should be the same.

 Experiment : source test, same source, distance, ladder. Only FEM/Felix change

INTT collaboration meeting
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Unresolved problem - Felix & FEM event num. difference

INTT collaboration meeting

Cheng-Wei Shih (NCUHEP, Taiwan)
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FEM Felix FEM/Felix FEM/Felix

Condition Mean | Std DeV Mean | Std DeV St;t?oev
source 1 1747 3.335 1.790 002 1.488 0.822 2.18
source 2 1740 3.319 1.740 003 1.484 0.820 2.12
BG 1 1225 2.198 1.691 004 1.230 0.529 3.20
BG 2 1248 2.641 2.359 005 1.302 0.713 3.31
source 3 | 17583 3.061 1.800 006 1.486 0.824 2.19
BG 3 1806 2.270 1.877 007 1.247 0.576 3.26
sourced4 | 1732 2.185 1.337 008 1.262 0.568 2.35
source 5 | 1705 2177 1.325 009 1.251 0.554 2.39
k # of hits, file : fphx_raw_20220427-1806_0, mod : 6 # of hits, file : source_test_042722_0?ez Average 1 - 9 6 2 - 6 2
1 FEM Felix StdDeV | 0.21 0.53

oL Mean 1.247
e .
Std DeV0.5759 For the case of FEM, it has
H_'v—ﬂ more hits in one clock
o lélll l lé‘)l 8 10‘ ‘ ‘1‘2‘ u;‘4‘ ‘ ‘1‘6‘ ‘ ‘1‘8‘ | ‘20 = ‘1‘0‘ ‘ ‘1‘2‘ ‘ ‘1‘4‘ ‘ ‘1‘6‘ #1c?f I;iLio Exam ple




” Unresolved problem - Satellite peak

layerQ Y axis residual

U10
run89 no_clone.root

alignment, 0.2850 mm @ I1
BEC

Fitting line =

I Residual (RY)

Fitting line

U8
run52_no_clone.root
alignment, 0.2908 mm @ I1

BEC

INTT collaboration meeting

10*

10°

10?

10

1

E fit gaus mean : 0.0006, fit gaus|width 0.0207

%2 :2007.56, NDF : 133, x%NDF

llllmm

15.0945

|\|||‘ 11| ‘\
4

S

Entries
Mean
Std Dev

66799
0.008239
0.14

till d

—

10 -8 -6 -4 -2

10*

10°

10?

10

1

0 2

6

8

10

residual (mm)

layerO Y axis residual

B Entries 56101
- Mean 0.001138
- Std Dev 0.1161
 fit gaus mean : -0.0004, fit gau$ width 0.0210
~ 2 : 1276.83, NDF : 127, x%/NDF |} 10.0538
E\ 1| ‘ 1 1 1 ‘ 1| \| h” | 1| ‘ 1 1 1 HHMHI ‘||\|\ | ‘ 1 1 1 ‘ 1 1 1

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

residual (mm)
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10*

10°

on’t KNOk

10*

10°

102

10

—

layer1 Y axis residual

 fit gaus mean : 0.0004, fit gauJ width 0.0262
= 22 : 4018.14, NDF : 212, xNDF

18.9535

) HM IHIII‘I Al
2 4 6 8

Entries

Mean

Std Dev

66799
-0.01663
0.2773

10

residual (mm)

layer1 Y axis residual

E fit gaus mean : 0.0020, fit gaus|width 0.0269

C %2 : 3179.74, NDF : 198, >/NDF

L[

Lt

16.0593

-10 -8

6 -4 -2

0
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Entries

Mean

Std Dev

56101
-0.002275
0.2322
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2 4

6 8
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' Unresolved problem - asymmetry hit

TestBeam2021 TestBeam2019

Run 89, all BCO group are used
channel hit distribution, U10 + U23

chan_dis

.E‘ Entries 144054
w1000 Mean 80.2
StdDev  50.84
800 L)
600|—
- Not smooth
400—
B r]
F u10 u23
0 B 1 1 1 1 I 1 1 1 1 I 1 1 [l 1 I 1 1 1 1 I 1 1 1 1 I
0 50 100 150 200 250
chanid, 0 ~ 255
chan_dis
700 .chan_dis
- Entries 91489
— Mean 122.2
600 :_ Std Dev 50.14
500—
400—
300(—
- Run 52, smooth
200 —
100 - Smooth
o | | Lo

150 200 250
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https://indico.bnl.gov/event/6826/#2-analysis-status-by-ayaka

' Unresolved problem - asymmetry hit

Slide from GenKki

FEM

Channel_of_chip_col12
T T

Channel_of_chip_col11
T T

Channel_of_chip_col3

han i  (ohp_id<14) + (255-chan_c)  (chip_id>=14)

Channel_of_chip_col7

Channel_of_chip_col2

han_id) " (chip_id>=14)

alread
@pOS'C reporte):i ‘‘‘‘‘‘‘‘‘‘‘‘

nnnnnn

han 1 (ohp_id<13) + (255-chan_c)  (cip_id>=14)

@pos-C 25,

250

150
5 100

50

Channel_of_chip_col12 Channel_of_chip_col11
T T T

§ § &

nnnnnnnnnnn
han i (ohp_id<14) + (255-chan_c) * (chip_id>=14) chan_id” (chip_id<14) + (255 chan_id) * (chip_id>=14)

Channel_of_chip_col7
T T T

zzzzzz
nnnnnn
uuuuuu
nnnnnn
nnnnnn
aaaaaa
nnnnnn

aaaaaa

nnnnnn

nnnnnn

nnnnnn

nnnnnn

sooof-
soo0f-
a000f-
2000}
L
EN 250
<id) +
Channel_of_chip_col3 Channel_of_chip_col2
30000(-
25000
20000f-
15000f-
10000f-
5000]
L | I I I L I I
S0 0 0w & T O R
8™ (chip_id<13) + (255.chan o) * (cip_id>=14) chan_id” (chip_id<14) + (255-chan_id)* (chip_id>=14)

The Felix system obtained reasonable distributions at various positions of the radiation source.
The channel distributions obtained by the FEM had 2 dropping regions at both ends, which
cannot be explained by physics.

INTT collaboration meeting
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Unresolved problem -
scattering angle

>
> ™ 1 GeV/c electrons . D
£ 14}
g - e Data H I nt 1
= - o Single Scattering ?
§ 12— ® Urban Geanyd 9.6
o - 0 Urban Geantd 10.0
£ - 4 Our Model
2 1ol . ‘
8 - 3
6 o .
- ,_" I
4
ST te El
2 — ol
[~ J 1 L l L 1 l L ' s l 1
40 60 80 100 120 140

Z axis
2‘ Y
t,:

Plan : try to add noise hit first.

INTT collaboration meeting

Projected silicon thickness [um]

slope 3 - slope 2

=2 : 43.39, NDF : 16, ¥%/ND
- Scale : 0.0004

student-tail : 2.0756

F,:

2.7

10° Fgaus-width : -0.0048
- gaus-fraction : 0.97 ! MC
10° =
: | I | | | L | | L/ 1| | L UNIL | I I | | I I |
-0.3 -0.2 -0.1 0 0.1 0.2 0.3

10°

10

-0.3

slope 3 - slope 2

- %2 : 75.29, NDF : 43, %2/ND
' Scale : 0.0001

- student-width : 0.00
| gaus-width : 0.0055
gaus-fraction : 0.14

lﬁns

RUN 52

M 4

T ﬁ

I
-0.2 -0.1

Cheng-Wei Shih (NCUHEP, Taiwan) |
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' MC - noise hit add

Noise, adc distribution Noise, # of hit per event Hit map, noise only Noise, layer distribution
300 3 Entries 1627 390 - Entries 999 Tc) 1000 o Entries 1627
[ Mean 3319 [ Mean 1629 & 3 Mean 1997
[ X s 900
Std Dev  2.325 300 Std Dev 1.3 &) L Std Dev  0.8189
250 " 3
[ F 800F
[ 250f- 700f-
200_- L E
! L 600
. . . . . i 200 ]
Noise hit distributions
- ] 400F~
100 - E
[ 100f 300F
3 200f
SoF 50 ]
[ : 100
c'....l....I....I....I....I....I....I.... C'...I...I... 'El IFEFErE IS e C:' EETERRETI FRETERNETE FRETN] FNNT]
0 2 3 4 5 6 7 0 2 4 6 8 10 12 14 0 15 2 25 3 3.5 4
adc # of noise hit layer
Nao noise, num of hit per event No noise, adc
htemp htemp = 140~
800 _ Entrles 1000 F Enies  3622| § [ 450
- Mean 3.522 1600/— Mean 32615 o0 -
700 Std Dev  1.421 - Std Dev 1.34 [~ 400
= 1 - 5 n
800)— 400: 100— 50
: 1200(— - 300
500} - a0f—
N . s 1000 — I 250
400f— o -
O noise : E o —
300 o | C L 150
- 600 — 40—
2001— 00— - -— [ 100
- o 20f—
100f- 200 I - b- 5
- -_l_ i PP I oo EPEPEPIN IR RN PRPRPN I el o
P\ SN B PR P ——— || o Lol L L () 2 4 6 8 10 12 14 18 18 20 22
0 4 3 8 10 12 14 16 18 0 1 2 3 % 5 3 7 chip_id
Num of hit per evant ade
Combined, num of hit per event Combined, adc chan_id:chip_id
htemp htemp
r Entries 1000 - Entrics 5149
o Mean 5.148 1800}— Mean 3.279
C Std Dev 1.949 - Std Dev 1.714
250— -
r 1600|—
200}— 1400}—
. C -
Combined, : 1200 |
150 f— -
noise + MC : “
100}— 800[—
N 600[—
50— -
r [ p—
0= 1 i T PR T a PR PP B S B EPEPEETE EETETEE AT ETETE TEETET ST ST B AP AT
0 2 4 6 8 10 12 14 B B 20 22 24 0 1 2 3 4 5 5 7 8 25
Num of hit per event adc chip_id
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” Noise hit extraction

Ul3

-—>
Beam

Good track

Only check the good track event
Total cluster : 7

INTT collaboration meeting
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Run 52

noise hit dist

noise hit dist

Linear

Entries 54432
Mean 0.3789
Std Dev  0.9651

2 4 6 8 10 12

14 16

# of cluster in event
noise hit dist

noise hit dist
= Entries 54432
C Mean 0.3789
- Std Dev  0.9651

| - | | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | 1 ! | | |

-2 2 4 6 8 10 12 14 16

# of cluster in event
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” Summary

A new beam test experiment was performed at the end of 2021,
ELPH, Japan.

 Based on current analysis method, the efficiency can be up to
99.7% and 99% for all three layers !

* The true effi. - bco phase relation has to rely on INTT telescope.
e Still some unresolved issues remaining.

 Work hard to push it to the publication.

INTT collaboration meeting Cheng-Wei Shih (NCUHEP, Taiwan) 28






' Step-1, first-order criteria

The schematic of the testbeam setup is shown in Figure B.1, a charged particle
passes through the chip 24 of 3 ladders. In testbeam 2021, 3 scintillators were
installed as the external trigger. The event has to pass the first-order criteria for
further analysis, the signal size of the scintillators has to be within a range, and
at least 2 hits in total is required, in addition, the measured event process time is
required to be less than 106 ns.

DAQ

Assumption :

1. No magnetic field, low radiation
length — trajectory is a straight line

2. Only the best track is selected

FIGURE B.1: Step 1, the schematic of the testbeam setup.

INTT collaboration meeting Cheng-Wei Shih (NCUHEP, Taiwan) 30



' Step-2, slot selection

Since only the best track is selected and studied, the first step is to find the best

track by narrowing the search scope gradually. Let’s start with the slot selection.

The assumption of the event in Figure B.2 is as follows. Five chips have hits in
total, three are from the chip 24 of three layers, the rest two are from the chip
22 of layer-0 and the chip 8 of layer-1. We introduce you the slot, which is the
combination of the top chip and bottom chip. The examples are listed, slot 13 =
chip 13 + chip 26 and slot 11 = chip 11 + chip 24. Therefore, the ladder has 13
slots in total. The VOTE is used for slot selection, as long as the slot has hits,
the VOTE of the slot counts one. Therefore, the maximum VOTE of one slot is
three. In the event of Figure B.2, the VOTE of slot 8 = 1, the VOTE of slot 9 =1,
the VOTE of slot 11 = 3. The winner, slot 11, is selected for further analysis.

DAQ

: this chip that has some hits
Vote : as long as the slot has >0 hit-> slot gets one vote

Election result of this event :
Slot_U8 =1, Slot_U9 =1, Slot_U11=3/

FIGURE B.2: Step 2, the slot selection.

INTT collaboration meeting Cheng-Wei Shih (NCUHEP, Taiwan)
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'Step-3, clustering T

Channel IDO Channel ID 255

S

/’

d R
JChannel ID 127
ElChinnel 1D 127

Step 3, clustering

Now the slot is selected, the next step is to cluster the hits of the selected slot U24 Channel IDO
of each layer. Take the slot 11 of layer-0 as an example, shown in Figure B.3. 9 Hits (noide or signal 7)

We assume there are nine channels fired in total. The original coordinate makes

the clustering difficult, the channel ID orientations of the top and bottom chip FIGURE B.3: Step 3, before clustering, 9 fired channels.

are opposite. We introduce you a new coordinate, the same orientation with
the channel ID from 0 to 255, as demonstrated in Figure B.3. The adjacent fired
channels are clustered together. Therefore, there are three clusters in total, shown

i Slot
in Figure B.4. New coordinate U1

Channel ID 2554 :
5
Cluster 1
The positions of the clusters are calculated by the energy weighted method B.1, — —
where P is the position of the cluster j of layer [, E,, represents the energy deposit (= i
of channel n, C,, is defined as the position of the channel n. ‘
Cluster 2 !
Pl = XnE.Cy (B 1) ';- 5
T %,.E, ' |L ————
I i)
Beam =™~ Uoa 3 — =
Cluster 3

u2 hannel IDO

FIGURE B.4: Step 3, after clustering, 9 fired channels are reduced into 3 clusters.

u24
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| step-4, fitting

Now the clustering has been performed on each layer. Let’s assume that the
slot 11 of layer-0 has 3 clusters, the slot 11 of layer-1 has 1 cluster, and the slot
11 of layer-2 has 2 clusters. The schematic is displayed in Figure B.5. 3 x 1 X
2, there are 6 combinations in total. All the combinations are fit with the linear
polynomial function, and the combination with minimum reduce x? is selected
to be the best track of the event.

3 x1x2=6combinations !
=

We fit 6 times and pick up the one ~—— Best fit
with minimum y2/NDF ﬁ S:-~ = N

L0 11 12

P1 pl pl|Comb.1 Layer0 Layer1 LayerAZ

P2 pl pl|Comb. 2 . 1 position 2 positions

3 positions
P3 pl p1 .
* 0
P1 pl p2 \ P} \ Pf
P2 pl p2 Beam =% p? P} P;

Pj’ : the position in Y axis of layer £, cluster j
FIGURE B.5: Step 4, all the combinations are fit with the linear polynomial function.
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' Step-5, track quality check

Step 5, track quality check

The best track is found, the next step is to check the quality of this best track. The
residuals, the distance between the fitting line and P;, are checked, as shown in

Figure B.6.

We calculate the residual in y-axis between the fitting line and Pj‘

Fitting line =

I Residua) (RY)
Fitting line

E—» Event-profile : 111

FIGURE B.6: Step 5, the distances between the cluster positions and fitting line are

calculated.

INTT collaboration meeting Cheng-Wei Shih (NCUHEP, Taiwan)
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' Step-5, track quality check

(

B

FIGURE B.7: The example of the event with the event-profile 110.

1’,'3 Outlier
Event-profile : 110

3 .
Pi" outlier

—

iy Event-profile : 000

B

FIGURE B.8: The examPle of the event with the event-Profile 000.

Event-profile : 101

Event-profile : 000

FIGURE B.9: (top) The example of the 2-clusters event with the event-profile 101. (bottom)
The example of the 2-clusters event with the event-profile 000.

INTT collaboration meeting
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’ Testbeam2021 - original results

Chip selection all
BCO group first
Window cut fixed 0.205 mm
Transverse alignment V
Longitudinal misalignment rejection Vv
Boundary cut X
Detection eff. vs run ID
Run ID | effi. 10 (%) | effi. 11 (%) | effi. 12 (%) < 100 . + ;+ ;*
& rot oy v g
592 996471-8%23 99402i8%§% 986401—83%3 é 995— ..... + ................ + ................ + .............. + .............. + .............. + .................. : ................. ............
Q 98__ ........................................... ................. ................................... .................. ...............................
53 | 99.511+0117 | g9 989+0-142 | gg 9(+0221 S F - |
be 97__ .................................................................................................. ................. .............................
50| 99.632:319 | 994917913 | 087934047 = I R
55 | 99.56710120 | 99.510170 147 | 98.376102.5 % 95;_ ______________________________________________________________________________________________ — La;g/er 0
57 99349i8%2§ 99320i8ig’§ 982911—8%}12 () 94;_ .......................................................................................... . Il:ayer 1 ........
58 94 464+0.382 99 472.;.0.122 08 692+0°193 93;_ .......................................................................................... - ayer 2 ________
“*U%-0.408 “E04_0.155 V940,223 -
92__ .....................................................................................................................................................
88 | 98.709%¢35 | 99.544%054; | 96.529%¢ 55 SN S TN U WO N N N
89 99-251i8%82 99.475i8%§8 97.108-'_-8§§9 QOEI 1 | | 1111 | || | || | | | | || | || | 1 11 | | 1 11
‘\)(\cjb \\ & (0(\6& (0‘\66 (0(\61 (0“6% N(\%% N(\%g
INTT collaboration meeting Cheng-Wei Shih (NCUHEP, Taiwan) 36




Tracking macro test with MC

10*

103

10°

10

1

layerO Y axis residual

fit gaus mean : 0.0035, fit gausjwidth 0.0174
%2 : 85.41, NDF : 14, »%NDF : 6.1009

Entries 13934
10

Mean 5.825e-05

Std Dev 0.03775

10°

10°

M 10

-10
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-8 -6

1
|III|III|III|I|IhMI|I|I|II||III|III|III
-4 -2 0 2 4 6 8

residual (mm)

layer1 Y axis residual

fit gaus mean : 0.0089, fit gau
x2 : 629.42, NDF : 25, 1%/NDF :

|

o
1770

idth 0.0217

Entries 13934
Mean -0.0001165

Std Dev 0.07551

10 -10 -8

-6

4

-2

0

L. |
2

run file : e+_beam-para_coulomb-on_100k-events_1 convert_filter

layer 3 final counting :
N_HHH : 13522
N_LHH : 3

N HLH : 6

N HHL : 8
N_LLL : 738
====3~-layers

efficiency results

99.97782 +0.01207 -0.02157
99.95565 +0.01759 -0.02648
99.94087 +0.02046 -0.02915

====3-layers efficiency results

Cheng-Wei Shih (NCUHEP, Taiwan)

4

6 8 10
residual (mm)
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' Offset setting, info. found from papers

link 2 plot link 3 plot
Energy loss vs silicon thickness based on Table 2 0.3 — —
§ o T0.28 A A
% 400;— % 0.26 |tk ...... MH |
E 350f— =024 i i ,—V"“"!A bododondn
z g " " oot I I
300 Q022 bt / bebeddaddddo ot b
- > | i i i i i i i i
2s0f- § 021 2T Y =0.027log(X) + 0.126
- o | ; i i i
200 Wi asl .(_,/
E 01% 20 40 e 80 100 120
= Silicon [um]
100
200l l IAGIO‘ I .SOIC. I ‘880‘ ’ I1OL)0I : I12100I ‘ ‘14ICOI I R . e .
Sticon thickness (um) Figure 11. Energy loss for 12GeV protons passing through several silicon thickness.

Fit 1 Y = 3.23932e-01"X -1.12194e+01
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us || u21

run52_no_clone.root
alignment, 0.2908 mm @ I1

30 width of layer - 1
-0.5 mm to 0.5 mm is considered

Calculate with histogram

Std dev

0.132 mm

Double gaus

Effective sigma| 0.333 mm

Calculate with raw data

minimum width to contain the 0.9973%

(3 sigma) event

INTT collaboration meeting

0.1374 mm

' Window cut study

layerQ Y axis residual

Entries

56101

Mean  0.001138
104 - Std Dev 0.1161
- fit gaus mean : -0.0004, fit gaus width 0.0210
T %2:1276.83, NDF : 127, v%NDF  10.0538
10° =
10? =
10
'E MM M
:\\\‘\\\‘\\\|‘ \\‘\\\ HI‘"\L\‘\\\‘\\\
-10 -8 -6 -4 -2 O 2 4 6 8 10
residual (mm)
layerQ Y axis residual
B Entries 56101
- Mean -0.0006859
10% Std Dev 0.0302
E fit gaus mean : -0.0010, fit gaiis width 0.0134
:XZ : 2904.74, NDF : 46, x%NDF|: 63.1465
:double gaussian fit
mean : -0.0009, fraction : 0.987
103 Lfirst width : 0.0130, second
E 3 sigma width : 0.1329 -0.1347 = 0,2676
- %2 :1158.16, NDF : 44, »?/N
10%E
10
/]_L
-0.5 -04 -03 -02 -0 0O 01 02 03 04 05
residual (mm)
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layer1 Y axis residual

10°E
F fit gaus mean : 0.0020, fit gaus|width 0.0269
- %2 : 3179.74, NDF : 198, x%/NDF || 16.0593

10°

102

10

—

TIIIIIH\KIH‘HIH Al

10 8 6 -4 -2 0 2 4

Entries

56101

Mean -0.002275
Std Dev 0.2322

6 8 10
residual (mm)

layer1 Y axis residual

10*E

| double gaussian fit

103 |_mean : -0.0006, fraction : 0.93
E first width : 0.0174, second/width :|0.0561

(380 = 0.2748

I 3 sigma width : 0.1368 -0.
DF : 51.724,

© %2 : 2327.59, NDF : 45, %2/

10?

10

\\u\\u\\uu/\uu\uu\\\u\uu\uu\uu\uu

Entries
Mean 0.0

56101
01181

Std Dev  0.04399
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” Window cut study

U8 || U21
run52_no_clone.root

alignment, 0.2908 mm @ I1

30 width of layer - 1
-0.5 mm to 0.5 mm is considered

Calculate with histogram

Boundary cut 5 ch

Std dev 0.132 mm

Double gaus | 0.1374 mm

Effective sigma| 0.333 mm

Calculate with raw data

INTT collaboration meeting

window size | effi. LO (%) | effi. L1 (%) | effi. L2 (%)
0.205 mm | 99.807092 | 99571003 | 99 90*+0.04
0.132 mm | 99.767092 | 99.59709% | 99.13+0:91
0.137 mm | 99.73%502 | 99.601393 | 99.00150:
0.333 mm | 99.83902 | 99.521093 | 99.27+00¢

Cheng-Wei Shih (NCUHEP, Taiwan)

*0.205 mm : original cut, std method of run89
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' Testbeam 2019 - run 615

Efficiency results from Ayaka My results
Efficiency (U7) Efficiency (U7)
Layer O 93.55 + 0.6% Layer O 57-84+8'§§ %
Layer 2 85.8 + 0.78% Layer 2 89°30+8'§(§) %
Layer ID determination seems to be incorrect

Layer O _ Layer 1 Layer 2 '

2500k Er:;ir?s * 2671 os0l— EntrieshiSt 253 4505 EntrieshISt 439
: Sidbev 4508 i She omal o Sid Dev 3148

z0- cond. 1 | cond. 2 cond. 3 = cond. 1 | cond. 2 cond. 3 *F cond. 1 cond. 2 cond. 3
1000:— 1005— 2002_
500(— oE— 1°°§_

Event condition

Event condition

Event condition

Only 2 layers have useful hits for most of the bad events. = not algorithm dependent

INTT collaboration meeting

Cheng-Wei Shih (NCUHEP, Taiwan)
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' # of hit (cluster) comparison

Goal :
explain the discrepancy between
data and MC by introducing the
noise hit in MC ?

Run 52 is used for the comparison
log scale

INTT collaboration meeting

=
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A.U.

(Data) # of hit vs # of cluster
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(MC) # of hit vs # of cluster
3 E [CIMC, hit  [JMC, cluster
10‘1?
10"2§j-
10°E]
10_4§
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10—6;\\\‘\\\\‘\\\\ ww‘w\\\\\\\\\m
0 5 10 15 20 25 30 35
# of hit or cluster
# of cluster, Data - MC comparison
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' # of hit (cluster) comparison

Goal :
explain the discrepancy between
data and MC by introducing the
noise hit in MC ?

Run 52 is used for the comparison
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” MC, DAC Scan quantization

Gain : 100, Offset : 200 Sensor active thickness : 294.66 um

2: R U ——— BmMc —wmciit |
O.7i Data - fit MC - fit
[ «Land width =1.093 = 6.14 * Land width =7.116 = 12.37
[ «MVP=75.417 = 15.36 * MVP =86.517 = 9.44
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