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’ Testbeam2021 - original results

SPHENIX INTT

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 (%) g 1005 - + * + + + .
59 99-647f81i23 99-4027:8:%33 98.640f8j§§,§ g 99§_ ..... T + ________________ + ______________ + ______________ + ______________ + __________________ : _________________ - ____________
53 | 9051170117 | g0.282+0112 | gg gg0+0zm § 985_ ___________________________________________ e .................. _______________ + ______________
1| 90,6327 | 90.491°0115 | 08703751 I S R R
55 | 99.56710110 | 99 510+0-117 | gg 376+0:213 g 95§_ ______________________________________________________________________________________________ —4La§/er0 ________
57 99-3491:8:%2‘51 99-3207:8:%2; 98-291f8j§}1§ o) 94;_ .......................................................................................... +Layer1 ........
s TOTHEIEEN 5o oro12 | o5 gopromms 93;_ __________________________________________________________________________________________ +La¥er2 ________
38| 98.700%02% | 00.544°015 | 96520701 A3 R R A
89 | 99.251+0165 | g9 47510138 | g7 10g+0320 N 3 O PO PO FUUOE PO FOOO OO TR

Cheng-Wei Shih (NCUHEP, Taiwan) 2




” Testbeam?2021 - latest results

Chip selection single highest entry
BCO group all
Window cut float 30 of double Gaus
Transverse alignment V
Longitudinal misalignment rejection Vv
Boundary cut Vv +5 channels

Run ID | effi. LO (%) | effi. L1 (%) | effi. L2 (%)
52 99.737002 | 99.6070%% | 99.00%004
53 99.751002 | 99.6579:92 | 99.12+09%
54 99.781902 | 99.611002 | 99.167093
55 99.750:02 | 99581002 | 99147093
57 99.21%99% | 99.607002 | 99.25+9.93
58 | 94635000 | 99.597003 | 99.18700;
88 99.27100% | 99.7300% | 99.167002
89 99.6210-92 | 99.78+0.02 | 99 16+004
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Detection eff. vs run ID
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' Testbeam 2019

Info. from Ayaka’s slide,
Sep./27/2019

25 branches
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Useful branches : event_num, nhits, fem_id[nhits], chip[nhits], channel[nhits], adc_value[nhits]
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' Testbeam 2019 - ladder ID

Info. from Ayaka’s slide,

Sep./27/2019 I I I
i {
70mm 35mm

Ayaka’s ana code, effana.cpp

if (100 < runnum && runnum <= 634)

{ Layer Ladder ID | fem_id
if (fem_id[ihit] == @) layer = 1; 0 4 3
else if (fem_id[ihit] == 1) layer ' 1 3 0
else if (fem_id[ihit] == 3) layer '
if (layer == -1) continue; 2 2 1
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Testbeam 2019 - ladder conditions

Info. from Itaru’s slide,

June/12/2019
Microscope
INTT Wire Bonding Status  inspection
Upstream Ladder 4
CHIP ID 1 2 3 4 5 6 7 8 9 10 11 12 13
Status
CHIP ID 14 15 16 17 18 19 20 21 22 23 24 25 26
Status
Ladder 1
CHIP ID 1 2 3 4 5 6 7 8 9 10 11 12 13
Status suspicious suspicious suspicious
CHIP ID 14 15 16 17 18 19 20 21 22 23 24 25 26
Status
Ladder 3
CHIP ID 1 2 3 4 5 6 7 8 9 10 11 12 13
Status | bad |
CHIP ID 14 15 16 17 18 19 20 21 22 23 24 25 26
Status
Downstream Ladder 2
CHIP ID 1 2 3 4 5 6 7 8 9 10 11 12 13
Status suspicious
CHIP ID 14 15 16 17 18 19 20 21 22 23 24 25 26
Status
Sensor-A Sensor-B
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’ Testbeam 2019 - run 615

data DACsetting [able pos (H) Table pos (V) Total entries 4 chips around beam spot L0 (chip: efficiency [%]) L1 (chip: efficiency [%]) L2 (chip: efficiency [%])
! 615 11 1570 155, 527035.6.7. 19. 20 \L1: 1-5. 14-18. L.2: 23 6: 96.0 +- 0.55. 7: 93.55 +- 0.60 6: 65.5 + 1.1. 7: 63.9 +- 0.90 6: 85.9 +-0.98.7: 85.8 +-0.78

ADC setting

Info. from Ayaka’s slide,
July 4th 2019

Table from Kai-Yu’s slide DAC Threshold

DACScanl DACScan2 DACScan3 DACScan4 DACScan5 DACScan6 DACScan7 DACScan8 DACScan9 DAC Scan10 §DAC Scan1l @AC Scanl2 DAC Scan13 0 14

DAC value value value value value value value value value value ] 16

0 8 28 48 68 88 108 128 148 168 96
o 12 32 52 72 92 112 132 152 172 100 a 32
2 16 36 56 76 96 116 136 156 176 104 3 48

3 20 40 60 80 100 120 140 160 180 108
4 24 44 64 8 104 124 144 164 184 112 4 80
s 28 48 68 88 108 128 148 168 188 116 5 112

6 32 52 72 92 112 132 152 172 192 120
7 36 56 76 9% 116 136 156 176 196 124 6 144
7 176

G

Contradiction
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' Testbeam 2019 - run 615

data DACsetting [able pos (H) Table pos (V) Total entries 4 chips around beam spot

! 615 11 1570 155 527035'6.7. 19. 20

L1 (chip: efficiency [%])
6: 65.5 +1.1. 7: 63.9 + 0.90

L2 (chip: efficiency [%])
6: 85.9 +- 0.98. 7: 85.8 +- 0.78

Noise chips
Ll: 1-5. 14-18. L.2: 23

6: 96.0 + 0.55. 7: 93.55 +- 0.60

event hits distribution, file data-00000615.root event hits distribution, file data-00000615.root hit map distribution, file data-00000615.root

hits_hist

hits_hist_narrow

x10

Entries 527035 Entries 527035 Q‘S il 0(
Mean 20.02 L Mean 5.264 - —
30000 StdDev 2068 30000 StdDev  4.097 i -
- . @)
250001~ i
C 25000
[ i ’ .
Info. from Ayaka’s slide,
15000:— 20000_ I TR AN TN I N B DO 1 JU|y 4th 2019
10000:— 15000- EEEEE Il EEEE I B W DAC Threshold mv
C i 1R B
5000 - - 0 14 266
- 10000
) P P I T FPE PRI PP T I IPEPETE BPEPETE AP EE BT B : Ll e TR B o Ll SPLEN o B AP o
0 10 20 30 40 50 60 70 80 90 100 0 2 4 6 8 10 12 14 0 20 40 60 80 100 120 1 16 274
# of hits # of hits channel
module distribution, file data-00000615.root adc distribution, file data-00000615.root 2 32 338
10° module_hist x10° adc_hist 25000 htemp
Entries 1148722 o Entries 1148722 _ Entries 87418 3 48 402
600 Mean 0.647 400~ Mean 2,205 - Mean 422
N Std Dev 0.6593 E Std Dev 2418 = b ea m S p Ot O n Iy Std Dev 2.007
500 350F 20000~ (6, 7, 1 9, 20) 4 80 530
: 300f- :
ool : B 5 112 658
250f 15000 N =
ook 5 _ 6 144 786
C 200} B
200} 10000 — 7 176 914
150 o
100 1005— B
- - — 5000=
C-IIIII IIIIIIII | IIII | IIII IIIIIIIIIIIIIIIIIIIIIIIII 50:'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIII‘IIIIlllllllllllllllllll
0o 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8

module ID (fem_id)

SPHENIX INTT

ad¢

Ayaka’s setting seems to be reasonable
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’ Testbeam 2019 - run 615

120

viiar_un
Entries 16098
Mean 106.3
Std Dev 62.59

Pre-selection : “F
1. channel ID !I=0 and =127 80—
2. adc > 1 -
- ad Entry : 16098
3. chiplID==(60r7or19or20) y .
20:—
event_hit S0E Ees 167
1 event_hit soi— o
— Entries 26796 -
8000 — 2 Mean 2.647 & =
E Std Dev 2.274 60 f_
70002— 502_
6000 — 3 402_
sooof— 302—
— 20;—
4000:— 102_
3000~ 0:0 - N
E 100 __ Entries 15009
2000 :_ : glt?jagev 647871
1000/ 80:—
 — é ' 25 60—
# of hits in one event N
Entry : 15009 -
20:—
0_o Ts0
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' Testbeam 2019 - run 615

Efficiency results from Ayaka My results
Efficiency (U7) Efficiency (U7)
Layer 1 63.9 + 0.9% Layer 1 93.54+8~431g %
Layer ID determination seems to be incorrect
Layer 0 ' Layer 1 Layer 2
2500/— EmriesmSt 2 250— EntrieshiSt 253 450: Emrieshist 439
E I\S/Itsz‘lgev 425102.g E gt?jagev 227178 Z 400;_ g::jagev 321147.2
=0 cond.1 | cond. 2 cond. 3 =t cond.1 | cond. 2 cond. 3 *cond.1 | cond.?2 cond. 3
Event condition T ™ Event condition. Event condition

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

Info. found from other papers

Beam | Beam energy | . silicon edep (keV) Paper link note
thickness (um)

Proton 1 GeV 300 um 130.8 + 3.8 keV link1

Proton 115 GeV 300 um 85.5 + 2.8 keV link1

Proton 50 GeV 300 um 85.79 keV link2

Proton 50 GeV 320 um 92.4389 keV link2 interpolation from

- link2, Table 2
Proton 12 GeV 320 um 90.158 keV link3 Extrapolation from
link3, Figure 11

Proton 120 GeV 320 um 111.697 keV Testbeam20139,
Gain 100, Offset 200

Proton 120 GeV 320 um 93.297 keV \ Testbeam2019,
Gain 100, Offset 280

For testbeam 2019, the Offset value should be 280.
SPHENIX INTT Cheng-Wei Shih (NCUHEP, Taiwan) 11



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

' Offset determination

Linear scale
Without normalization

energy deposit

File name : NCU_fphx_raw_module_0_20210727-1436_0

3: |:’1 hit clusterDZ hits cIusterDS hits cIuster|:I4 hits cluster
<< 1400 —
1200 1 Cosmic test, 2 scintillators
1000
800 |

6007
400! |
200 o
OT -} I 11 L1 11l 1
50 100 150 200 250 300 350 400 450
edep (ADC)
# of hits in event
File name : NCU_fphx_raw_module_0_20210727-1436_0 # of hits in event
: Entries 6659
L Mean 2.066
2500j StdDev  1.333
2000}
1500}
10001
500}
Gi\\‘\\\‘\\\\ ““\‘\\\I\
0 2 4 6 8 10 12 14

# of hits

SPHENIX INTT

A.U.

0.7

0.6

0.5

0.4
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Linear scale
With normalization

energy deposit

File name : NCU_fphx_raw_module_0_20210727-1436_0
|:’1 hit cluster |:|2 hits cIusterDS hits cIusterD4 hits cluster
— GausXLand — GausXLand — GausXLand — GausXLand

Cosmic test, 2 scintillators

1 hit cluster, MPV : 82.546 Width : 14.704
2 hits cluster, MPV : 109.242 Width : 12.948
3 hits cluster, MPV : 116.349 Width : 7.583
4 hits cluster, MPV : 161.515 Width : 15.280

50 100 150 200 250 300 350 400 450
edep (ADC)

# of hits in cluster

File name : NCU_fphx_raw_module_0_20210727-1436_0 # of hits in cluster

o Entries 7521
3000; _l_ Mean 1.853
B StdDev  1.023
2500~
2000~
1500
1000
500~
7\ Il ‘ I ‘ Il ‘ il ‘ I ‘ - I Il

OC)
n
N
»
(o]

10 12 14
cluster size

Cheng-Wei Shih (NCUHEP, Taiwan)

*without bin width correction

Linear scale
With normalization
(Fine bin)

energy deposit

File name : NCU_fphx_raw_module_0_20210727-1436_0

- 0.7
2. |:’1 hit cluster |:|2 hits cIusterDS 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
0.5 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
01— L
B N
oLl Pd= «ARAN=a ™ ==
0 50 100 150 200 250 300 350 400

edep (ADC)
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*without bin width correction

' Offset determination

energy deposit 1 hit cluster

File name : NCU_fphx_raw_module_0_20210727-1436_0

Linear scale
With normalization
(Fine bin)

energy deposit 2 hits cluster

File name : NCU_fphx_raw_module_0_20210727-1436_0

5 071 5 071 energy deposit
< B < B 0.7 File name : NCU_fphx_raw_module_0_20210727-1436_0
0.6~ 0.6/ D 7 []1 nit cluster [ ]2 hits cluster| |3 hits cluster[ |4 hits clust
B Cosmic test, 2 scintillators B Cosmic test, 2 scintillators <C D feluster D s clus erD fis clus erD fis cluster
B 1 hit cluster, MPV : 80.918 Width : 3.910 B — GausXLand — GausXLand — GausXLand — GausXLand
B - . _ it - 0.6—
0.5 — 0.5 — 2 hits cluster, MPV : 93.825 Width : 14.543 : Cosmic test, 2 scintillators
B B - 1 hit cluster, MPV : 80.918 Width : 3.910
0.4 MPV 3 8091 8 0.4 MPV X 93825 0.5 2 hits cluster, MPV : 93.825 Width : 14.543
N B B 3 hits cluster, MPV : 118.108 Width : 11.784
B B B 4 hits cluster, MPV : 160.858 Width : 18.827
0.3 — 0.3 — 04+
0.1 f 0.1 n
B B 0.2
L / N L B
07\ 1 | ) 1 1T 4hi—‘ o L L 07\ L Jdih ‘ Il M 1 n‘;ﬂ—l;‘\ e L -
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400 0 1;
edep (ADC) edep (ADC) 1L n
energy deposit 3 hits cluster energy deposit 4 hits cluster 0:,, B i ==
. 0.7 File name : NCU_fphx_raw_module_0_20210727-1436_0  |Edep, cluster size : 3 .0 7Fi|e name : NCU_fphx_raw_module_0_20210727-1436_0 0 50 100 150 200 250 300 350 400
2 Entries 1014 27 r edep (ADC)
< - Mean 160.1 < -
0.6 L Std Dev 64.02 0.6 L
N Cosmic test, 2 scintillators N Cosmic test, 2 scintillators
0.5; 0.5 L
B 3 hits cluster, MPV : 118.108 Width : 11.784 B
N B 4 hits cluster, MPV : 160.858 Width : 18.827
0.4 0.4 — *
n B mV =4 * adc + 210
0.3 0.3
= - *
: : (93.825-80.918)*4+210 = 261.628
0.2 0.2
0.1 i 0.1 -|
07\ L |1 Ll I = o T - | 07\ T | 1 | | || | | I
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400

edep (ADC)

SPHENIX INTT
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'FEM/FeIix board comparison

* Will compare : adc distribution, clone hit rate, # of hit in one BCO group
e # of hitin one BCO group :
* Try to answer the question :
« The FEM board loses 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”.
e At the same test condition, the # of hit in BCO group should be the same.

Data from Genki

Condition Measurement Time (min) Source #Metal plate FEM data Felix data Remarks
Source at fixed 1 @A 0 - 1
position
Source at fixed 5 @A 0 1747 2

source 1 position
Source at fixed 5 @B 0 1740 3
source 2 position
BG 1 background 5 High DAC BG 0 1225 4
BG 2 background 5 Low DAC BG 0 1248 5
source 3 Moving source 5  Moving 0 1753 6
BG 3 background 5 Moving BG 0 1806 7
source 4 | With a metal plate 5 @B 1 1732 8
With 2 metal 5 @B 2 1705 9
SOUrCe O | pjates

SPHENIX INTT Cheng-Wei Shih (NCUHEP, Taiwan) 14



'FEM/FeIix board comparison - source 1

Hit map, file : fphx_raw_20220427-1747_0, module ID : 6 Hit map, file : source_test_042722_002

# of hits, file : fphx_raw_20220427-1747_0, mod : 6 # of hits, file : source_test_042722_002
x1 03 before_clone_hit_check_hist x1 03 before_clone_hit_check_hist
160? Entries 651781 i Entries 2273725
r Mean 3.335 C Mean 1.488
140 Std Dev 1.79 1400~ StdDev  0.8224
1201 1200~
oot Mean 3.335 r M 1.488
80/~ . 800 )
FEM : Std DeV 1.79 Felix || Std DeV 0.8224
60~ 600
401~ 4001
201 200}
0 \‘\\\‘\\\‘\\\‘\\\ \‘\\\‘\\\‘\\\‘\\\ 0 \‘\\\‘\\‘\\\LA_L\‘\\\‘\\\‘\\\‘\\\‘\\\
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
# of hits # of hits
All hits adc, file : fphx_raw_20220427-1747_0, mod : 6 Single hit adc, file : fohx_raw_20220427-1747_0, mod : 6 All hits adc, file : source_test_042722_002 Single hit adc, file : source_test_042722_002
x10° all_hit_adc _ single_hit_hist x10° all_hit_adc x10° single_hit_hist
600— Entries 2174528 L Entries 97402 r Entries 3383232 800~ Entries 1523041
C / Mean 2.394 30000 I;/Iean 2.365 1600— Mean 3.209 F Mean 3.022
= Std Dev 1.891 r td Dev 1.566 - Std Dev 1.698 r Std Dev 1.542
r MPV : 2.291 : - MPV : 2.327 : 1400k : 700~ :
500~ Land Width : 0.601 250001 Land Width : 0.455 i F
C Gaus Width :-0.000 C Gaus Width :0.459 12001 6001~
400F Comb. Width : 0.301 C Comb. Width : 0.457 L E
i 20000~ 1000 500
B L - 400
300— \ 15000 — 800 — E
C N \ 600 300
- 1000Oj L ? C ?
2001 \ C 400F 200F
L N\ C N\ C u |_ C u
- 5000~ AN L - |
+ r 2001 100~
100+ \: L_ r % - r
\\\\\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ L1 O \‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ G\\\\‘\\\\\\\\‘\\\\\\\\‘\\\\\\\\‘\\\\ G\\\\‘\\\\\\\\‘\\\\\\\\‘\\\\\\\\‘\\\\
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
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Hit map, file : fphx_raw_20220427-1740_0, module ID : 6

FEM

All hits adc, file : fphx_raw_20220427-1740_0, mod : 6

x10° all_hit_adc
700— Entries 2559119
C [ Mean 2.395
L StdDev  1.899
6001 MPV : 2.291
r Land Width : 0.605
C Gaus Width :-0.000
500 Comb. Width : 0.302
4001 \
300 \
200/~ \
C \\
100; | | | | | £
O\\\\1\\\\2\\\\3\\\\4\\\\5\\\\6\\\\7 \\8

SPHENIX INTT

# of hits, file : fphx_raw_20220427-1740_0, mod : 6

x1 03 before_clone_hit_check_hist
C Entries 770831
180; Mean 3.319
C Std Dev 1.74
160
1401~
120> Mean 3.319
100 [
g Std DeV 1.74
80—
60—
40
20
Gk \‘\\\‘\\\‘\\\‘\ “\\\‘\\\‘\\\‘\\\
0 2 4 6 8 10 12 14 16 18 20
# of hits
Single hit adc, file : fphx_raw_20220427-1740_0, mod : 6
single_hit_hist
: Entries 105418
- Mean 2.319
30000:— MPV : 2.989 Std Dev 1.58
L Land Width :0.478
25000 Gaus Width :0.438
- Comb. Width : 0.458
20000~
15000 \\
10000 \
- N
50001 N
O \\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
0 1 2 3 4 5 6 7 8

Felix

Hit map, file : source_test_042722_003

All hits adc, file : source_test_042722_003

x10° all_hit_adc
C Entries 3408160
1600— Mean 3.209
L Std Dev 1.698
1400~
12001
1000
800F
600 ?
400
- C -
200
G Ll ‘ Ll 1111 ‘ L1 |- ‘ |- L 11| ‘ L 11|
o 1 2 3 4 5 6 7 8

| Cheng-Wei Shih (NCUHEP, Taiwan) |

'FEM/FeIix board comparison - source 2

# of hits, file : source_test_042722_003

TIEEEE

2000

x1 03 before_clone_hit_check_hist
1600? — Entries 2295909
: Mean 1.484
1400— StdDev  0.8199
1200~
Mean 1.484
“|| std Dev 0.8199
6001
400
200
O | ‘ L1l ‘ | Ll LA_L | ‘ Ll ‘ Ll ‘ Ll ‘ Ll ‘ Ll
0 2 4 6 8 10 12 14 16 18 20
# of hits
Single hit adc, file : source_test_042722_003
x10° single_hit_hist
800; Entries 1541865
L Mean 3.017
C StdDev  1.539
700—
600
500
400
300F
200 ;
: .
100~ _l_
Gk\\\\‘\\\\\\\\‘\\\\\\\\‘\\\\\\\\‘\\\\
0 1 2 3 4 5 6 7 8
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250 o
200 o
150 - .
100 o ‘
50 . ‘
00 1 2 3 4 5 6 7 8 9 10 K 2 13 ’ 0 1 2 3 4 5 6 7 8 9 10 5] 12 13

Hit map, file : fphx_raw_20220427-1753_0, module ID : 6

FEM

All hits adc, file : fphx_raw_20220427-1753_0, mod : 6

x10° all_hit_adc
1200— Entries 4309405
= ( Mean 2.379
: MPV . 2278 Std Dev 1.876
10005 Land Width :0.583
L Gaus Width :-0.000
u Comb. Width : 0.291
800
600— \
400; \\
i \\
200— : NI—
7\ L1l L 111 ‘ L 111 ‘ L1 11 ‘ L1 11 ‘ L1 1] ‘ L 111 (.
0 1 2 3 4 5 6 7 8

SPHENIX INTT

' FEM/Felix board com

# of hits, file : fphx_raw_20220427-1753_0, mod : 6

2400
2200

x1 03 before_clone_hit_check_hist
C Entries 1407509
B Mean 3.061
300[— Std Dev 18
250~
200 Mean 3061
g Std DeV 1.8
100~
501
07 | ‘ L1 | ‘ 11| ‘ 11| ‘ | L ‘ Ll ‘ Ll ‘ Ll ‘ Ll
0 2 4 8 10 12 14 16 18 20
# of hits
Single hit adc, file : fphx_raw_20220427-1753_0, mod : 6
x10° single_hit_hist
120 ; Entries 316661
- Mean 2.338
i MPV : 2.346 StdDev  1.443
100? Land Width :0.322
- Gaus Width :0.526
80— Comb. Width : 0.424
60—
40— \
20— \
07 \‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
0 1 2 3 4 5 6 7 8

Cheng-Wei Shih (NCUHEP, Taiwan)

2000
1800
1600
1400
1200
1000
800
600
400
200

Felix

Hit map, file : source_test_042722_006

All hits adc, file : source_test_042722_006

x10° all_hit_adc
— Entries 5598688
- Mean 2918
E StdDev  1.778
- " L —
G E 111 ‘ L 11| ‘ 1111 ‘ L1 ‘ L1 L1 L 11| ‘ L 11|
0 1 2 3 4 5 6 7 8

parison - source 3

# of hits, file : source_test_042722_006

H

x1 03 before_clone_hit_check_hist
I Entries 3766926
2500 j Mean 1.486
- StdDev  0.8235
2000}
100 Mean 1.486
10001 )
500—
07 | ‘ L1l ‘ | Ll LI_L | ‘ Ll ‘ Ll ‘ Ll ‘ Ll ‘ Ll
0 2 4 6 8 10 12 14 16 18 20
# of hits
Single hit adc, file : source_test_042722_006
x10° single_hit_hist
1200— Entries 2528743
i Mean 2.759
- Std Dev 1.599
1000—
800—
600—
400— ?
B |
200~
N -
Gi\\\\‘\\\\‘\\\\‘\\\\‘m\\\\‘\\\\
0 1 2 3 4 5 6 7 8
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'FEM/FeIix board comparison - source 4

Hit map, file : fphx_raw_20220427-1732_0, module ID : 6 Hit map, file : source_test_042722_008

# of hits, file : fphx_raw_20220427-1732_0, mod : 6 # of hits, file : source_test_042722_008
i Entr;es - 7280782 90000~ Entr;es - 71110718
Mean 2.185 C Mean 1.262
10000? ‘ StdDev  1.337 80000 StdDev 05678
- 70000
8000+ =
: Mean 2.185
FE M 60001 : . 50000F- Mean 1.262
: - Felix woo-| | Std DeV 0.5678
4000— C
L 30000
B 20000
2000~ -
i 10000F~
07 \‘\\\‘\\\‘\ \‘\\\‘\A_AJ\\\‘\\\‘\\\ G: \‘\\\ \‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
# of hits # of hits
All hits adc, file : fphx_raw_20220427-1732_0, mod : 6 Single hit adc, file : fohx_raw_20220427-1732_0, mod : 6 All hits adc, file : source_test_042722_008 Single hit adc, file : source_test_042722_008
all_hit_adc _ single_hit_hist all_hit_adc single_hit_hist
18000 ,_ Entries 62396 - Entries 10623 C Py Entries 140128 : Entries 87912
B Mean 2.503 N Mean 2.358 40000 c / Mean 2.323 25000— Mean 2.201
16000; /\ MPV : 2.397 StdDev  1.832 3000:— MPV - 2.379 Std Dev 1.61 35000; MPV - 2303 StdDev  1.726 i MPV - 2266 StdDev  1.666
140001 Land Width : 0.653 B Land Width :0.415 C Land Width :0.545 i Land Width :0.453
- Gaus Width : 0.000 25001~ Gaus Width : 0.594 300001 Gaus Width : 0.287 20000~ Gaus Width : 0.491
12000 Comb. Width : 0.326 i Comb. Width : 0.504 C Comb. Width : 0.416 - Comb. Width : 0.472
B 2000— C =
B : 25000 15000—
10000 \ C - -
C 1500— \ 20000~ i
8000 \ - - \ 10000}~ \
- 1000 15000~ -
6000~ \ - - \ - \
L L 1 r -
- \ - A 0000F AN 5000 N
40001 AN 500 AN - AN I AN
- N g ~__ 5000~ S~ i
2000_1'\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\M\ L \\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ 7\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ 7\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
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
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'FEM/FeIix board comparison - source 5

Hit map, file : fphx_raw_20220427-1705_0, module ID : 6 Hit map, file : source_test_042722_009

38R 8 8 & &

5 3 8 5 8 8 3

# of hits, file : fphx_raw_20220427-1705_0, mod : 6 # of hits, file : source_test_042722_009
9000 Entr;es - 7237753 - En:r;es - ;039;8
C | Mean 2177 80000 Mean 1.251
8000 StdDev  1.325 - StdDev 05542
u 70000
7000 C
- 60000/
Mean 2.177 :
- ean Z. 50000
FEM 5000 _ - Mean 1.251
- Std DeV 1.325 40000f-
Felix || Std DeV 0.5542
3000 30000;
20000 20000~
1000; 10000~
G: \‘\\\‘\\\‘\ \‘\\\L‘_ﬂ\‘\\\b_&\‘\\\ G: \‘\\\ \‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
# of hits # of hits
All hits adc, file : fphx_raw_20220427-1705_0, mod : 6 Single hit adc, file : fohx_raw_20220427-1705_0, mod : 6 All hits adc, file : source_test_042722_009 Single hit adc, file : source_test_042722_009
all_hit_adc _ single_hit_hist all_hit_adc single_hit_hist
: Entries 52726 - Entries 8819 N Entries 130016 25000— Entries 83003
14000— / Mean 2.417 I~ Mean 2.364 C Mean 2.309 B Mean 2.194
i MPV : 2.349 StdDev  1.792 2500:_ MPV : 2.391 StdDev  1.599 35000:— MPV : 2.299 StdDev  1.709 E MPV : 2.269 StdDev  1.651
12000— Land Width : 0.623 i Land Width :0.398 sooooi Land Width :0.524 20000 Land Width :0.437
i Gaus Width :0.000 2000(— Gaus Width :0.649 N Gaus Width :0.357 i Gaus Width :0.524
B Comb. Width : 0.312 i omb. Width : 0.523 C Comb. Width : 0.440 - Comb. Width : 0.481
10000~ C 25000 ,
B - N 15000
C 1500 F -
8000 i_l \ 20000(— i
6000 \ 1000~ \ 150001 \ 10000 \
- \ ¥ 10000} \ I \
4000p N 5001 \\ - N 50001 N
- N N C N - N
2000 N : L 5000/~ ~_ :
7\\\\\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\ \\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ *\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ 7\ \‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
0 1 2 3 4 5 6 7 8 O0 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
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Hit map, file : fphx_raw_20220427-1225_0, module ID : 6

# of hits, file : fphx_raw_20220427-1225_0, mod : 6

1000 Entr;es — 23;34
[ Mean 2.198
[ Std Dev 1.691
800—
600(- Mean 2.198
400—
200—
Gk \‘\\\‘\\\‘\\\ \H—t\\\LA_A\‘\\\LA_A\
0 2 4 6 8 10 12 14 16 18 20
# of hits
All hits adc, file : fphx_raw_20220427-1225_0, mod : 6 Single hit adc, file : fphx_raw_20220427-1225_0, mod : 6
1600 aII._hit_adc single_hit_hist
L Entries 5993 Entries 973
: Mean 2.398 Mean 2.182
1400j MPV : 2270 Std Dev 2172 250 MPV : 2333 Std Dev 1.677
L 4 Land Width :0.643 Land Width :0.382
1200~ Gaus Width :-0.000 200 Gaus Width : 0.656
N Comb. Width : 0.321 Comb. Width : 0.519
1000~
L 150
800— \
600 f? \ 100 ? \
400 n \ B \
L 50 \
r N
2000, \ \ \ \ \ \ \ \ \ \ \\\\
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 8
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3000

2500

2000

1500

1000

500

Hit map, file : source_test_042722_004

' FEM/Felix board comparison - Background 1

Felix

All hits adc, file : source_test_042722_004

all_hit_adc

Entries

Mean
Std Dev

6720
3.172
1.65

?

TTT‘TTTT‘TTTT‘TTTT‘TTTT‘TTTTITTTT

0

0 1 2 3 4 5 6 7

| Cheng-Wei Shih (NCUHEP, Taiwan) |

8

# of hits, file : source_test_042722_004
before_clone_hit_check_hist
4500 Entries 5465
F Mean 123
4000 C Std Dev  0.5286
35001
30001
2500F Mean 1.23
2000 Std DeV 0.5286
1500
1000
500
Ok \‘\\\ \‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\
0 2 4 6 8 10 12 14 16 18 20
# of hits
Single hit adc, file : source_test_042722_004
single_hit_hist
F Entries 4446
2200 Mean 3.067
200 Oi StdDev  1.573
1800
1600
1400
1200
1000
800
600— ?
400F "
200
Gk\\\\‘\\\\\\\\‘\\\\\\\\‘\\\\\\\\‘\\\\
0 1 2 3 4 5 6 7 8
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FEM/Felix board comparison - Background 2

Hit map, file : fphx_raw_20220427-1248_0, module ID : 6 Hit map, file : source_test_042722_005
E |
N 3 ’
# of hits, file : fphx_raw_20220427-1248_0, mod : 6 # of hits, file : source_test_042722_005
before_clone_hit_check_hist before_clone_hit_check_hist
F Entries 2276 7000 Entries 8648
800 E | Mean 2,641 [ Mean 1.302
r Std Dev 2.359 L Std Dev 0.713
- 6000—
700— C
6001 5000/

500f Mean 2641 4oooé Mean 1302
FEM 400 Std DeV 2.359 Fe“X 3000} Std DeV 0.713

300 r
- 2000
200— L
100} 1000~
Gk \‘\\\‘\\\‘\\\\ ‘v—!—v_\L \L—‘““\ O \‘\\\ \‘\\\L‘_L\‘\\\LA_L\‘\\\LA_L\‘\\\
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
# of hits # of hits
All hits adc, file : fphx_raw_20220427-1248_0, mod : 6 Single hit adc, file : fohx_raw_20220427-1248_0, mod : 6 All hits adc, file : source_test_042722_005 Single hit adc, file : source_test_042722_005
all_hit_adc single_hit_hist all_hit_adc single_hit_hist
2500 ? Entries 7401 250 L Entries 807 - Entries 11264 r Entries 6696
L Mean 1.7 L Mean 1.467 L Mean 2.874 3500 Mean 2.686
- Std Dev 1.894 r Std Dev 1.412 5000+ Std Dev 1.311 C Std Dev 1.122
2000/ 200l C 3000~
C C 4000/~ -
- i r 25001
1500~ 150/— r r
L r 3000~ 2000}~
i —1 r r .
1000~ 100 - 15001~
r - 2000 L
i r C ? 1000~ ?
500 50— 1000 u a =
i _|_,_,— - r — 1 5001
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ Ok\\\\‘\\\\‘\\\\‘\\\\‘\\\\lm Gk\\\\‘\\\\\\\\‘\\\\\\\\‘\\\\\\\\‘\\\\ G\\\\‘\\\\\\\\‘\\\\\\\\‘\\\\\\\\\\\\
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
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FEM/Felix board comparison - Background 3

Hit map, file : fphx_raw_20220427-1806_0, module ID : 6

Hit map, file : source_test_042722_007

# of hits, file : fphx_raw_20220427-1806_0, mod : 6 # of hits, file : source_test_042722_007
before_clone_hit_check_hist before_clone_hit_check_hist
- Entries 2515 r Entries 5029
1000— Mean 227 4000 Mean 1.247
F StdDev  1.877 E StdDev  0.5759
r 3500—
800— C
L 3000[—
i Mean 2.270 2500}~

600[— N

FEM ; Std DeV 1.877 Felix

400—

Mean 1.247
o Std DeV 0.5759

i 1500~
L 1000
200— C
i 500~
Gk \‘\\\‘\\\‘\ “““—‘—L“““\‘\\\ Gk \‘\\\ \‘\\\LA_L\‘\\\‘\\\‘\\\‘\\\‘\\\
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
# of hits # of hits
All hits adc, file : fphx_raw_20220427-1806_0, mod : 6 Single hit adc, file : fohx_raw_20220427-1806_0, mod : 6 All hits adc, file : source_test_042722_007 Single hit adc, file : source_test_042722_007
_ all_hit_adc single_hit_hist all_hit_adc _ single_hit_hist
L Entries 7031 r I\ Entries 1034 1800 [ o Entries 6272 1200+ Entries 4064
1800 C Mean 2,524 300 L / Mean 2.216 r / Mean 2.055 L Mean 1.932
: MPV : 2319 Std Dev 2.283 E MPV : 2215 Std Dev 1.67 1600} MPV : 2227 Std Dev 1.68 : MPV : 2204 Std Dev 1.604
16001~ Land Width :0.754 os0l- Land Width : 0.496 £ Land Width : 0.458 10001~ Land Width : 0.368
r Gaus Width : 0.000 i Gaus Width : 0.286 1400 Gaus Width : 0.421 I Gaus Width : 0.547
1400 Comb. Width : 0.377 r Comb. Width : 0.391 12000 Comb. Width : 0.440 800 Comb. Width : 0.458
L 200— r L
1200; C | 1000} =
r - - 600~
r 150 8001 L
1000[ H C \ i
- - - 400
800 ? \ oF ? \ o ? . ? \
B m L n \ 400 n \ - n \
600F 501 \\ - 200
. - 200 i
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘ \\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ \\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ \\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 GO 1 2 3 4 5 6 7 8
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’ FEM/Felix board comparison - # of hits (event)

FEM Felix
FEM/Felix FEM/Felix
Condition Total hits BCO Total hits BCO TOtaIIhltS BCO group
group group ratio ratio
source 1 1747 | 2.17E+06 | 6.52E+05 002 3.38E+06 | 2.27E+06 | 64.27% 28.67%
source 2 1740 | 2.56E+06|7.71E+05 003 3.41E+06 | 2.30E+06 | 75.09% 33.57%
BG 1 1225 | 5.99E+03 | 2.35E+03 004 6.72E+03 | 5.47E+03 | 89.18% 43.07%
BG 2 1248 | 7.40E+03 | 2.28E+03 005 1.13E+04 | 8.65E+03 | 65.70% 26.32%
source 3 | 1753 |4.31E+06 | 1.41E+06 006 5.60E+06 | 3.77E+06 | 76.97% 37.36%
BG 3 180060 |7.03E+03 |2.52E+03 007 6.27E+03 | 5.03E+03 | 112.10% | 50.01%
source 4 1732 |6.24E+04 | 2.81E+04 008 1.40E+05 | 1.11E+05 | 44.53% 25.29%
source5 | 1705 |5.27E+04 | 2.38E+04 009 1.30E+05 | 1.04E+05 | 40.55% 22.86%
Average | 71.05% | 33.39%
Std DeV | 23.22% 9.52%
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FEM/Felix board comparlson clone hit

Fkkkkkkkkkkkkkk kb kb kb kb kb kb ko kkkk kbbb kkkkkk kbbb bk kkkkkkkkkkkk kb bk bk kkkkkk
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* Clone hit ratio = clone hit event / BCO group
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Condition Total hits| 20O Jclone hit| clone Total hits| 20O Jelone hit| clone
group event | hit ratio group event | hit ratio

source 1 | 1747 | 2.17E+06 | 6.52E+05 15 0.0023%}| 002 | 3.38E+06 | 2.27E+06 0.0034%
source 2 | 1740 | 2.56E+06 | 7.71E+05 11 0.0014%§| 003 | 3.41E+06 | 2.30E+06 0.0060%
BG 1 1225 | 5.99E+03 | 2.35E+03 13 0.5523% ]| 004 | 6.72E+03 | 5.47E+03 0.0000%
BG 2 1248 | 7.40E+03 | 2.28E+03 12 0.5272%}§| 005 | 1.13E+04 | 8.65E+03 0.0000%
source 3 | 1753 | 4.31E+06 | 1.41E+06 34 0.0024%}| 006 | 5.60E+06 | 3.77E+06 0.0050%
BG 3 1806 | 7.03E+03 | 2.52E+03 13 0.5169%}| 007 | 6.27E+03 | 5.03E+03 0.0000%
source 4 | 1732 | 6.24E+04 | 2.81E+04 11 0.0392%}| 008 | 1.40E+05 [1.11E+05 0.0009%
source 5 | 1705 | 5.27E+04 | 2.38E+04 13 0.0547%}| 009 | 1.30E+05 | 1.04E+05 0.0000%



" FEM/Felix board comparison - event size

FEM Felix

FEM/Felix FEM/Felix

Condition Mean | Std DeV Mean | Std DeV Strc;tIiDoeV
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
source 4 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
Average 1.96 2.62
Std DeV 0.21 0.53
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'INTT sensor, full depletion voltage

274 sets of sensors are included,
file title : 190528_S...datasheet (149 sets) + 211130_S...datasheet (25 sets) + 200519_S...datasheet (100 sets)
sensorID (A&B): 1011 ~ 1159 + 1161 ~ 1185
1231 ~ 1330 (A) & 1223 ~ 1322 (B)

Type-A, full depletion voltage Type-B, full depletion voltage
> [ > [
o[ 5 50
50— 7 N
- Gaus Mean :57.166 = 0.075 | Gaus Mean :57.231 = 0.058
40- Gaus Width : 0.831 = 0.100 40 __Gaus Width : 0.742 + 0.038
:XZ :110.603 / NDF : 13 =8.508 ‘l : 2:105.333/NDF : 15 =7.022
[ 30k
301~ - +
20__ | |~ 20_— p
1ol 10 L
0_ Illl’-!-l-l|_‘lllrll | 1 1 III|IIII O_IIII|IIII||_I |||kl‘l|| | | |
40 45 50 55 60 65 70 40 t15 50 ‘55 70
l ‘ Full depletion voltage [V] Full depletlon voltage [V]
200519 S...datasheet 200519 _S...datasheet
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'INTT sensor, leakage current

100
80~
60
a0

20~

Type A
INTT IV curve type-A, 1013 |
INTT IV curve type-A, 1012 |
INTT IV curve type-A, 1011
= [
| X 274
g 120~

L L L L L L L
20 40 60 80 100 120 140
Bias voltage [ V ]

Type B

INTT 1V curve tvpe-B, 1012 |

INTT IV curve type-B, 1011

-

N

<)
I

Current [nA]

-

N

=}
I

-

o

S
I

80
60

401

e
20—

X274

A S NN BRI
80 100 120 140
Bias voltage [ V ]

20 40 60
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274 sets of sensors are included,
file title : 190528_S...datasheet (149 sets) + 211130_S...datasheet (25 sets) + 200519_S...datasheet (100 sets)

1231 ~ 1330 (A) & 1223 ~ 1322 (B)

Entry

Type-A, leakage current at 100 V

70
o :_Gaus Mean :57.9584 + 0.658
50 | Gaus Width : 6.87p| = 0.402
" +2:93.243 / NDF :|16 21 5.828
401~
30—
201
) L
B | | 1 1 1 | | n | | | | InJ_I'II | | | |
%O 40 60 80 100 120 140

leakage current [nA]

Cheng-Wei Shih (NCUHEP, Taiwan)

Entry

sensor ID (A &B):1011 ~ 1159 + 1161 ~ 1185

60

50

40

30

20

10

Type-B, leakage current at 100 V

: 44.040 = 0.351
:5.000 = 0.215
NDF [ 11 =4.117

IJI | | .nl | Il_hl Ll | | — | Ll ||-|| |

0 40 60 80

27

100 120 140
leakage current [nA]



'INTT sensor, leakage current

274 sets of sensors are included,

file title : 190528_S...datasheet (149 sets) + 211130_S...datasheet (25 sets) + 200519_S...datasheet (100 sets)
sensorID (A&B): 1011 ~ 1159 + 1161 ~ 1185

1231 ~ 1330 (A) & 1223 ~ 1322 (B)

HC : High Current (current > cut)

“<—“:current > 80 nA
type A, HC : 118.2, 1D : 1047 <—
type A, HC : 79.5, ID : 1048
type A, HC : 116.4, ID : 1116 <——-
type A, HC : 88.8, ID : 1117 <——-
type A, HC : 121.5, ID : 1118 <——-
type A, HC : 80.1, ID : 1119 <——-
type A, HC : 70.5, ID : 1127
type A, HC : 89.9, ID : 1244 <——-
type A, HC : 73.7, ID : 1257
type A, HC : 75.2, ID : 1279
type A, HC 84.3, ID : 1291 <——-
type A, HC 70.8, ID 1301
type B, HC 79.2, ID 1045
type B, HC 136.4, ID 1118 <——
type B, HC 62.4, ID 1119
type B, HC 81.2, ID 1120 <——
SPHENIX INTT

Entry

Type-A, leakage current at 100 V Type-B, leakage current at 100 V

70F S ool
— € 60—
- TR ]
- Gaus Mean :57.954 = 0.658 50/—Gaus Mean |: 44.040 = 0.351
502 Gaus Width : 6.87p| + 0.402 - Gaus Width|: 5.000 = 0.215
" %2 :93.243 / NDF :|16 =1 5.828 40?1 45.288 (INDF I 11 = 4.117
401 i
] 301
30— -
B 20—
20— B
B L L | | | | | n | | | | InJ_I'II L L | L L L | | | | | .nl | | l_h | | | | | | L | L LI | L
%O 40 60 80 100 120 140 %O 40 60 80 100 120 140
leakage current [nA] leakage current [nA]
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” Summary

* The results of detection efficiency is updated, the efficiency can
be up to ~ 99.8%. The improvements of the layer 2 are around
1%.

* The efficiency of Testbeam2019 data is checked. Result seems
to be consistent with Ayaka’s.

* |In the cosmic test, the MPV difference between 1 hit and 2 hits
distributions is (93.825-80.918)*4+210 = 261.628

* The performances of FEM and Felix seem to be inconsistent,
requires more investigations.

 The leakage current of all INTT sensors are checked. The leakage
current of some sensors are a little bit higher.
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' Offset determination

L T JHil== L — P N
FEFINEES =L —2 3> DR
x U1 ABOHE EBEITRILF—EBEDTH
HA Al #J100ev/fC 85eV/fC 100eV/fC
AIJtEv b 198mV 198mV
E—J@E 1evh 450~600mV 450~600mV 600~750mV
2By b 750~900mV 750~900mV 750~900mV
il — firme 03]
wo}- ) -
7w b= 1 'E
B:.EvhkE&E=2 _ —
‘L: ‘n;o[‘] “Jn & ‘,,l.‘ ; ' ‘7%&“ '4&0' ! ‘u'u-l‘_“uln' T T
» 74 > AE85eV/fC. A Ttzw h19snVDEF, o t*ﬁa'-ﬁ“‘ﬁah- ’S'(;ﬁt,\
“+ '..'ﬁl_ n q.;i;._, 1\ ; -__: "_ -C B2).0. E'_[ ‘_;\-"5.__ A-,_'.':,-_&_x' — 37‘.
2/21/2020 NFEVFRFARRES SERS
The experiment of NWU concludes the offset value is 200 mV
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' Ayaka’s analysis code

effana.cpp

TBranch xb_nhits, *b_bco, *b_station, *b_chip, *b_chan, *b_adc, *b_fem_id;

tree->SetMakeClass(1):
tree->SetBranchAddress("nhits", &nhits, &b_nhits);
tree->SetBranchAddress("bco'", bco, &b _bco);

tree->SetBranchAddress("“station", station, &b_station);
tree->SetBranchAddress('chip", chip, &b_chip);
tree->SetBranchAddress('“channel”, chan, &b_chan);
tree->SetBranchAddress("adc_value", adc, &b_adc);
tree->SetBranchAddress("fem_id", fem_id, &b_fem_id);
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” Raw number - FEM

Total hits BCO clone hit event|clone hit ratio
1705 52726 23753 13 0.0547%
1732 62396 28082 11 0.0392%
1806 7031 2515 13 0.5169%
1753 4309405 1407509 34 0.0024%
1248 7401 2276 12 0.5272%
1225 5993 2354 13 0.5523%
1740 2559119 770831 11 0.0014%
1747 2174528 651781 15 0.0023%
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” Raw number - Felix

Total hits| BCO group | clone hit event clone hit ratio
009| 130016 103928 0 0.0000%
008 | 140128 111018 1 0.0009%
007 6272 5029 0 0.0000%
006 | 5598688 3766926 190 0.0050%
005| 11264 8648 0 0.0000%
004 6720 5465 0 0.0000%
003 | 3408160 2295909 138 0.0060%
002 | 3383232 2273725 77 0.0034%
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