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Goals

* Set up a cosmic test stand in the lab with a 2x2 Ecal module
* Determine the gain for Run 19 Au Au data

* Characterize performance of different SiPMs

* Two Channels on Ecal module will have new $14160-3015HS

e Channel 0 and Channel 1 (top row in upcoming figures)

e Other two have SiPMs S12572-015P (used in Run 19)

e Channel 2 and Channel 3 (bottom row in upcoming figures)



2x2 Ecal Tower
LOW

Scmtlllator
for 9 :

Cable to Patch
Panel to control
Voltage using DEP

@ Coincidence
& 0 DEP

Ecal S‘i'gn»a'l Cable —1-7



11 | | I I - I 11 1 | | I T - I 1 1 1 1 11 1 1 1 1 1 I 11 1
500 1000 1500 2000 2500 3000 3500

Minutes Running

£ T
Led Run 2%
5140:_ ...........
?nzo:
LED run taken with LED “100f
positioned at Channel 4 0]
* LED fires every 10 sec with ©
50ns width g
* This means 6 O
events/minute %
Took 21k events -> 2.5 days
Plot on right shows Average Ezso: '
sum every 10 minutes "g K
* Pedestal subtracted g’m;
Sanity check to see if any 180
changes in time s00f
Graph is flat so no time 505
dependence :
O

11 1 11 1 1 l 11 1 | 11 1 1 l l I l 11 1
500 1000 1500 2000 2500 3000 3500

/I |

11111111

Minutes Running

Channel 1

E

o
-
N

E
3
(]

140
<

£200F

180 &7

160 |

120
100
80
60
40
20

11 1 I 11 1 1 I | I T - I 1 1 1 1 111 | 11 1 1 11 1 | I 11 1
0 500 1000 1500 2000 2500 3000 3500
Minutes Running

11 1 l 11 1 | 1 1 1 1 l 11 1 1 1 1 1 1 I 11 1 1 l 111 | 11 1
0 500 1000 1500 2000 2500 3000 3500
Minutes Running



Signal_Ch0:ADC vs. Tb Signal_Ch1:ADC vs. Tb

—o— Event 0| Sum:142 ——o— Event 0| Sum:165

400 - - - - - = Event 1| Sum:165 80 - - - - - = Event 1| Sum:186

: : H : : Event 2 | Sum:147 H : : Event 2 | Sum:171

L E D U ——=— Event 3| Sum:169 U - ——=— Event 3| Sum:190
S Event 4 | Sum:157 = : : Event 4 | Sum:198

D ; : ; ; i Event 5 | Sum:167 D 75 R R A - : Event 5 | Sum:190

95 ...................................................................... Event 6 | Sum:181 < i i : § § i Event 6 | Sum:182

< —o— Event7| Sum:146 B H H ; i H Event 7 | Sum:181

continued

—=a— Event 8 | Sum:135
Event 9 | Sum:157

............... Event 10 | Sum:146

Event 8 | Sum:201
Event 9 | Sum:179

| —=— Event 20| Sum:140

& —a— Event 20 | Sum:179
—o— Event 21| Sum:160

— o Event21 | Sum:209

390 .................................... Event 10 | Sum:189

—a— Event 11 | Sum:137 Event 11 | Sum:155

Event 12 | Sum:150 Event 12 | Sum:190

. . Event 13 | Sum:151 Event 13 | Sum:204

Gra h onri ht IS LED Event 14 | Sum:143 Event 14 | Sum:220
p g 385 s feesd = Event 15| Sum:155 Event 15 | Sum:194

. o Event 16 | Sum:164 Event 16 | Sum:185
SI n a | S / Event 17 | Sum:150 Event 17 | Sum:192
g i Event 18 | Sum:144 Event 18 | Sum:170
.............................. i) Event 19 | Sum:157 Event 19 | Sum:203

380

Each event is a -
snapshot of the signal = 375 oopaysd 700
every 1000 events or ' | | |
roughly 2.8 hours

37q-i-||||illlIilllIillllillIIiIIIIiIIIIiIIIIi 4q¥|]|ll||||i||ll IIIIiIIIIiIIIIiIIII lllli
30 135 140 145 150 155 160 165 170 30 135 140 145 150 155 160 165 170

Timebin Timebin

Event 1 | Sum:267

—=o— Event 0| Sum:384

Consistent peak heights SR AT | SR CRADC R Th

and sums over entire

o,
period <

370
Timebin variation 365
coming from TCD clock 3e0

| Event 2 | Sum:258
i | = Event3|Sum:248
o Event 4 | Sum:258
—a— Event 5| Sum:252
—o— Event 6| Sum:239
—=o— Event 7 | Sum:307
—a— Event 8 | Sum:246
............... Event 9 | Sum:256
Event 10 | Sum:261
—a— Event 11| Sum:271
............... Evgnt 12 I sum:m
Event 13 | Sum:256
Event 14 | Sum:258

Event 1 | Sum:400
Event 2 | Sum:396
Event 3 | Sum:397
Event 4 | Sum:412
Event 5 | Sum:388
Event 6 | Sum:397
Event 7 | Sum:358
Event 8 | Sum:423
Event 9 | Sum:429
Event 10 | Sum:389
Event 11 | Sum:420
Event 12 | Sum:432
Event 13 | Sum:435

w SERR R AR RAR AR R e R AR R R R R R R R R RRR RS RS RS

. . 355 : 4,“} ............. “| = Even : Event 14 | Sum:415
* 8timebins compose r T Gvent 1o Sumzer Evont 15 Sum:4ds
350 . Event 17 | Sum:216 E:::: :g : 3::32
one clock —e— Event 18 Sum:z30 Event 18| Sum:368
. . 345 -| —e=— Event 20| Sum:252 E::::;::Ssﬂzﬁ:
e Trigger will fall Event 21 Sum:266 Event 21| Sum:358
340 JUUUOSUPPRPII S - O 15RO SRR T :
randomly onto 1 of 8 . ... NV I
. . L L e B, it = P S i e
timebins between i i i i i i | PR | i i Y 2N
135-142 3303 135 140 145 150 155 160 165 170 843 135 140 145 150 155 160 165 370

Timebin Timebin



H1_HistSum_Ch1

103 Entriesm HistSum_Cho 8199 103 Entries 8199
RS % RS Tsns
Overtiow” B Overow 54
° -?(';f:iussian Fit Ped (Black)-- 4 --Gaussian Fit Ped (Black)--
22/ ndf 585.67 /28 22/ ndf 339.12/32
° Constant 55229 = 11.79 Constant 698.56 = 12.53
Data from Cosmics = 102 S
ian Fit Mip (Red)- Gaussian Fit Mip (Red)-
f 22/ ndf 99.9-8 172 5‘2 ! ndf 83.8.3 /95
'm " ! il ik ronl P Vioan se157 - 482
r ho. | Sigma 42.56 = 1.85 m ‘ N Sigma 65.87 = 5.48
10 ML el e 10 HI %m [ bk
R N
° . . .d f Il H i 1} 1 ] 1 [
Trigger on coincidence from i A
trigger paddles shown in setup |, | |
- - b g | I
* Histograms on right show ADC L O A ——— || e ] 1 P 11| 1A 1N 00 1R 1
0 200 400 600 800 1000 0 200 400 600 800 1000

timebin sum 110-140 (Our ADC Sum (110-140) ADC Sum (110-140)
cosmic window)

10° Fi_HistSum_Ch2 Fi_HistSum_Ch3
* Pedestal Subtracted Eris s Eris
RMS 140.2 RMS 126.6
Underflow 0 Underflow 52
L4 Ov:rflow i i ac| —42 O‘Tma?.l“s,sian i ack)--
Clear peaks seen for all o 2 i e e
102 Mean o 27e “ont 10 Moan 7% 207
C h anne I S Sigma 6.82 =011 Sigma 11.2120.13
ian Fit Mip (Red)- Gaussian Fit Mip (Red)--
22/ ndf 76.89 (72 22/ ndf 91.07 (72
. - . C 29.89 =1.06 Constant 15.65 =0.73
* Improve with an isolation cut B e
10 ] 10
.[[ |
|
1 ! i m 1
1 EEH T HIN I 1 HH
] I 1 1 1. 1 1 1 |_|1II “I"I " 1. 1 [l ,;_lln 1 1 1. 1 | 1. ||I[ -y _HJ_ 1 Il
0 200 400 600 800 1000 0 200 400 600 800 1000

ADC Sum (110-140) ADC Sum (1 é0-1 40)



Isolation Cut on
Cosmic Data

* Apply a tower isolation cut
by doing the following

1. Compute timebin sum
from all 4 towers

individually

2. If one and only one tower
contains a timebin sum

102

10

>50 fill in histogram for all 1

4 towers

*  Figure onright shows
histogram with this cut
applied
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Summary Table from Cosmic Data

MIP peak (Is:ll::iopre\ackut) Energy (Assuming MIP energy 310 MeV) GeV/ch

Without Isolation (*103) W.ith Isolation (*10-3)

0 314.83+1.77 324.86+1.56 10.03 9.85 9.54
1 381.57+4.82  402.24+3.44 20.67 8.12 7.71
2 310.23%1.6 317.941.25 7.7 9.99 9.75
3 310.88+2.86  326.15%2.05 15.3 9.97 9.50

e Slight difference between MIP peak with and without isolation cut
* Channel 1 has higher MIP peak compared to rest
* Energy is roughly 0.0009 GeV/ch



Conclusions

* Overall nice clean signals

* No visible time dependence in system
* LED data shows consistent pulses each time

* Cosmics show nice clean MIP peaks

* Using MIP energy of 310MeV gives gain~0.00095 GeV/ch for almost all
channels

Thanks to Tim, Akio, Tonko, and Oleg for the continued help!



Backup



Channel 0 ADC vs. Timebin I Channel 0 Profile Histogram | Channel 1 ADC vs. Timebin Channel 1 Profile Histogram |

00 : 00 s
- §oof v Sed
< < < - o0 <
- 16001 B ﬂ L 120003 ¢
| Jost | g6
o o
800 1400 E a 800 ; :
b | | E
. L 3861 L 1000 60;
p r O | e - 120 H I 58
i 384} i 3
600 600 8000 o
L 10001 L :
L 382 |
L 8000 L L 6000 54
400 M 380 400 52}
- 6000 I :
i 378} i I 50
200 I 4000 |\ 200 I
o ; 48
| 376 | 2000 ;
L 2000 JJ L 465
L 374F_, o AT A i g PV bt i o
o 11 1 111 111 11 1 L1 1 o 111 L1 1 L1 1 11 1 11 o 111 111 11 1 L1 1 L1 1 0 11 L1 1
0 200 400 600 800 1000 100 120 140 160 180 200 0 200 400 600 800 1000 180 200
Timebin Timebin Timebin Timebin
Channel 2 ADC vs. Timebin Channel 2 Profile Histogram | Channel 3 ADC vs. Timebin | Channel 3 Profile Histogram |
g 8 I 8 [
g | 1600 Q g | g E A
- E
I 2 JJH I 7000 §.°5 J
L 14001 360 L g
> >
800 < 800 00|
- L 6000
12001
I 355 i 95(—
r i 5000
600 1000 600
L L 4000
8000 350
400 400
. . 5000 I 3000
i 4000 r 2000
200 200 L
r 340~ r
| 2000 L | l- 1000 i'u
| o — P Y i PR \-‘,“_‘_
0 111 111 1 1 1 111 1 1 1 0 111 1 1 1 111 111 111 0 111 1 1 1 111 111 11 1 0 1 1 111 11 1
0 200 400 600 800 1000 100 120 140 160 180 200 0 200 400 600 800 1000 160 1 180 200

Timebin Timebin Timebin Timebin



LED Sum In
130-17/0

H1_HistSum_Ch0
Entries 21109
n Mean 157
1 03 i} RMS 11.25
Underflow 0
Overflow
--Gaussian Fit Ped (Black)--
22/ ndf 0.00/0
Constant 1497.00 =0.00
Mean 0.00 =0.00
Sigma 5.00 =0.00
1 02 Fit Mip (Red)~
%2/ ndf 74.38 /' 41
C 1501.25 = 12.66
Mean 157.00 =0.08
Sigma 11.18 = 0.05
10
1
1 1 1 1 1 1 1 1 1 L 1 1
200 400 600 800 1000
ADC Sum (110-140)
H1_HistSum_Ch2
Entries 21109
1 03 IA‘ Mean 249.2
¥ RMS 15.11
: = Underflow 0
{3 ) Overflow 0
Il --Gaussian Fit Ped (Black)--
, ‘ %2/ ndf 0.00/0
C 1146.00 = 0.00
Mean 0.00 =0.00
Sigma 5.00 =0.00
102 Fit Mip (Red)-
%2/ ndf 41.18 /47
c 1119.81 =9.59
Mean 249.11 =0.10
Sigma 15.00 = 0.08
10
1
] | | | 1 1 1 | 1 1. 1 1
200 400 600 800 1000
ADC Sum (110-140)

H1_HistSum_Ch1
Entries 21109
Mean 185.9
10° § RMS 14.02
i Underflow 0
Overflow 0
Fit Ped (Black)-
22/ ndf 0.00/0
c 1243.00 = 0.00
Mean 0.00 =0.00
5 Sigma 5.00 =0.00
10 G Fit Mip (Red)~
¥/ ndf 73.93 /51
¢ 1211.35 = 10.61
Mean 185.88 =0.10
| Sigma 13.85 = 0.08
10
1
) 1 1 ) 1 L 1 1 1 1 J) 1 1
0 200 400 600 800 1000
ADC Sum (110-140)
H1_Histsum_Ch3
10° Eniries 27109
A Mean 4123
X RMS 22.23
2i1 Underflow 0
U Overflow 0
f ”( --Gaussian Fit Ped (Black)--
¢ 1 ¥2/ ndf 0.00/0
i Constant 782.00 =0.00
> f \ Mean 0.00 =0.00
10 TN i \ Sigma 5.00 =0.00
AN { 3 -G Fit Mip (Red)-
¥/ ndf 0.00/0
= b C 100.00 = 0.00
} Mean 200.00 = 0.00
1 Sigma 50.00 =0.00
10 ! h
[
[
| |
1
Il
1. 1 | 1 1 1 Il L 1 1 1§ 1 ] 1 1
0 200 400 600 800 1000

ADC Sum (110-140)



Waveforms

from

Cosmic Data

420
415

410

400

390

380

370

360

350

Signal_Ch0:ADC vs. Tb
—— Event 0 | Sum:10
—=— Event 1| Sum:-9
Event 2 | Sum:66
Event 3 | Sum:-7
Event 4 | Sum:11
o Event 5 | Sum:4
—— Event 6 | Sum:188
—— Event 7 | Sum:-1

g

CATTTITTTIT T[T I T[T TTT [ TTITT[TTTT ITTT[TTTT

e gmal e e e e
] '\‘JI I‘U‘" o | by
140 150

Signal_Ch2:ADC vs. Tb

—e— Event 0 | Sum:8

—<=— Event 1| Sum:3

Event 2 | Sum:-42
Event 3 | Sum:366

Event 4 | Sum:213

= Event 5 | Sum:1

—— Event 6 | Sum:118

—e— Event 7 | Sum:266

130

100

90

80

70

60

50

40

120

110

100

90

80

Signal_Ch1:ADC vs. Tb
—e=— Event 0 | Sum:354
—— Event 1 | Sum:-1

Event 2 | Sum:-10
~—— Event 3 | Sum:8
Event 4 | Sum:-5
=—— Event 5 | Sum:-5
—e— Event 6 | Sum:-11
—e— Event 7 | Sum:-4

T T 1T

1

IIIIH:*:KI;IIIIIIIIIII

- T TIF

135 140 145

Signal_Ch3:ADC vs. Tb

Event 0 | Sum:1
=— Event 1 | Sum:300
Event 2 | Sum:80

T TTT

= Event 3 | Sum:18
Event 4 | Sum:85
=— Event 5| Sum:12

—e— Event 6 | Sum:-4

—e— Event 7 | Sum:71




Cosmic
Profile

Channel 0 ADC vs. Timebin

1900
a |
<

800

600

400}~

200
0 111 111 11 1 1 L1 1
0 200 400 600 800 1000
Timebin

Channel 2 ADC vs. Timebin

1800 ———
Q
<

800

600

400

200

800

1000
Timebin

I Channel 0 Profile Histogram

@
=1
8
esl ADC
R

w
=3
8
Averag

w
@
N
T

=

4000

3801

3000

378

2000

1000 376

V] 11

100 120 140 160 180 200
Timebin
| Channel 2 Profile Histogram
Q [0
o
sof {
5000 &
8
o
>
Bast-
4000 k
346
3000 k
344} N
2000 342}
340¢
1000 \w
- M R s
338 friused
o E’WTI 1 1 1 L1 1
100 120 140 160 180 200
Timebin

Channel 1 ADC vs. Timebin

1900
Q
<

800~

600

400F

200

oII:";.I;IIII|III|||I|III|
0 200 400 600 800 1000

Timebin

Channel 3 ADC vs. Timebin

1900
Q |.
<

s

600

400"~

200(

olllllllilllilllillli
0 200 400 600 800 1000

Timebin

3500

3000

2500

2000

1500

1000

500

1200

—{1000

800

600

400

200

Channel 1 Profile Histogram

ed ADC

Avera

53

52;

51

sof

49}

agf

a6l

ot

100

120

140 160

180 200
Timebin

|

Channel 3 Profile Histogram

~
©

Averaged ADC

~
a
T

74r

72—

70—

o

P it b

68y

11 1

100

120

140

i
160

1 8o 200

Timebin



cosmic
Pedestal

Channel 0 Baseline

M1_Baseline_Cho

Channel 0 Baseline Sigma

Entries 8199

[

Entries 8199

7000 B - Mean 3749
: RMS 0.3493
6000 B Underfiow 0
: Overtiow o
5000
4000f
3000}
2000f
1000} [
oLl | L1 T B
370 372 374 376 378 380
Channel 2 Baseline M1_Basaline_Ch2
Entries 8199
7000 i Mean 2378
N RMS 0.a793
6000 e
N Overtiow 0
5000
4000[
3000f
2000f
N ——
1000
0 L1 1 TR I SRR R B
334 336 338 340 342

Channel 1 Baseline

M1_Baseline_Cht

Channel 1 Baseline Sigma

Entries 8199

W4 Saseiatigra_Cnt

Entries 8199

aow o Meas 0.3969 : Meal 46.48 E Meal 0.5028
L rH - 4000 - - 4000 —+—+ ’
: RMS 0.08512 r RMS 1.057 : RMS 01122
7000 L r
C Underflow O 3500 Underfiow 0 3500 L [
8000 L Ovartiow [l C Ovartiow 0 L Ovartiow 1
C 30001 3000f
5000f E C
- 2500 2500
a000f 2000] 2000[
3000[- 1500( _F‘L 1500
2000 1000} = 1000f
1000} 500[ r_ 500
c-—"l_l 111 Lt 111l o-l H—I— 11 11 I‘:—l 11 "-" 1Ll | A L1l
0 0.5 1 1.5 2 25 3 44 46 48 50 0 0.5 1 1.5 2 25 3
Channel 2 Baseline Sigma [P Channel 3 Baseline u1_gasaline_cha Channel 3 Baseline Sigma o Sneratiyna, 2
Entries 8199 Entries 8199 Entries 8199
O 4000 -
r + Mean 04112 : + Mean 68.29 r - Mean 1.026
C C 7000[
7om C RMS 0.07358 st RMS 1.536 w : RMS 0.1193
: Underflow o r Underflow o : Underflow o
6000 L 3 3000 B Overtiow 0 6000 L Overtiow 0
5000: 2500 5000
4000} 2000(- 4000p
3000f 1500 - 3000
2000( 1000 Jl—k 20001
1000} 500f 10000
c- Illlllllll L1l 111l o_ 1 11 L1 L1 111 c-llll | 1 |4|§|| 1111 Ll |
0 0.5 1 1.5 2 25 3 64 66 68 70 72 74 0 0.5 1 1.5 2 2.51 ) 3



10°

Channel 1

3
10 Channel 0
:: + ADC Sum NO Isolation Cut ':H‘; 4‘7 ADC Sum NO Isolation Cut
102 b t’“'} —‘— ADC Sum Isolation Cut 102 } ',}' —’— ADC Sum Isolation Cut
i it
[ I 1!
! H ..
{
10 i , 10 | n
| | B il
Sum for non- = Wl -
. 1 | A o ﬁ:l | ir ,
| S O | a te d a n d 0 200 400 600 800 7000 0 200 400 600 800 7000
ADC Sum (110-140) ADC Sum (110-140)
[ ]
SO ‘ ate d 10°
Channel 2 Channel 3
v }
to W e r C u t 'J" + ADC Sum NO Isolation Cut ’l‘”’ + ADC Sum NO Isolation Cut
£y i
il 102 ot
102 I;f‘;'i —’— ADC Sum Isolation Cut ? ‘% + ADC Sum Isolation Cut
| }‘ l A1, 'I' |
- wa ol
10 | R L i : I Ll i
H} 1\![ 1[ | ||I II [ }I
: |Hﬂ1 J, I _II 1 ”'Lu | T I
1 1 ! 1
: [
M I ~
0 200 400 600 800 1000 0 200 400 600 800 16 1000
ADC Sum (110-140)

ADC Sum (110-140)



