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e Data acquisition configurations NEE

 We acquired 5 different energies for each

run

o Trigger : 5 different tagger in OR

o The 5 tagger signals used in the trigger are acquired for offline
separation of the energies

« Three different trigger configuration:

o Calibration: 289MeV - 350MeV - 422MeV - 480MeV - 550MeV
« One run at the center of each crystal S

o Low Energy: 50MeV - 76MeV - 99MeV - 151MeV - 201MeV
* 1run at the center of two internal crystals (red dots)

* 4 runs at each points which maximize the containment
according to MC (pink dots)

o High Energy: 301MeV - 400MeV - 501MeV - 651MeV - 780MeV
* 1run at the center of two internal crystals (red dots)

* 4 runs at each points which maximize the containment
according to MC (pink dots)
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Amplitude Extraction
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« Signal : Mean between fixed windows (20samples)

 Amplitude : Signal - Pedestal
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« Signal : Gaussian fit on
fixed windows
(20samples)

 No pedestal subtraction

o With software shaping baseline
always at zero
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* Fit the deposited energy distribution for each APD for

each energy with Novosibirsk function
o Only the deposited energy on the crystal in which the beam is directed

« Using the Mean value to intercalibrate the 32Chs

 We have 5 different constants (one for each energy)
for each channel

o Final constants as the mean value

Calibration Constants - APDO Calibration Constants - APD1

Ch0 APDO - Calibration
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e Check calibration Belle I

eCalib_adc[6][0] {trg==1} eCalib_adc[6][0] {trg==1}
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yp Type yp yp

 Infercalibration extracted by minimizing RMS of the
sum of all channel

 Reasonable for Ché reference (with high errorrs) but
completely wrong with Ch9 reference.
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Channel 6 - Calib. Ch6 ApdO

2200 2T ndf 238973 ¢ NOn ”neOriTy

HOE e A observed

e | A . Difference

1400+ 1o 2736201005

1200F between the fwo

1000}~ different run (high/
800

a low energy)

ok e et « Source still unknow
O e

« Correction applied to linearize the response

o Shift on high energy points - worsening the resolution (conservative
approach)
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PreAmp Test setup <2
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« Send charge as input to the preamp
o Same range of beam test

* Analyze output amplitude
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i PreAmp Test: A
e Amphtude extraction Belle I

« Input Signal level extracted as mean value at the plateau of
the square waveform

. atéTp;fr Signal amplitude extracted as Mean around peak
ns

~ Same annronch o nt heam tect

14 o
- Entries 66 = Output Entries 66
C 81— .
e Mean  492.2 = signal Mean  238.4
C 7=
10— Std Dev 0.6106 65 Std Dev 2.765
8— sE-
of- Input signal U
C 3
4 — -
- 2 :_
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| 14
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Amplitude (mV) Amplitude (mV)

* Few data to perform fit
.,  WIsesmean.and RMS as as central value and error ;041410
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Linearity - Qin vs Vout (Mean) Linearity - Qin vs Vout (Mean)
S S 250 %
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- B poO -5.529 + 1.459 B pO -5.529 + 1.459
200— o p1 831 + 28.41 I pi 831 + 28.41
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1 1.2
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* Preamp seems to show the same non-linearity as
observed on data
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C === PreAmp Test: Linearity (2) Bello T

Linearity - Qin vs Vout (Mean) Linearity - Qin vs Vout (Mean)
S F S F
Bl [@7ndr 485179 Sa00f | %7/ ndf 4851179
£ [ | Prob 0.8471 o £F | Prob 0.8471
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input input

« Try to change the number of points used to fit the
two Poll
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C === PreAmp Test: Linearity (3) Bello T

Linearity - Qin vs Vout (Mean) Linearity - Qin vs Vout (Mean)
= % /ndf 0.6367 /2 s = «/ndf 0.6367 /2 | %2/ ndf 0.9245/3 1
%400—_ Prob 0.7274 E [ | Prob 0.7274 Prob 0.8195
g | PO -32.51+ 3.633 500~ | p0 -32.51+3.633 | | pO -3.947 + 1.853
>:200-_ p1 1120 + 23.59 > [ | pl 1120 = 23.59 | | p1 785.6 + 43.38
= 400
1000 — u
- 300—
800_— C
600{— 20~ e e
- 300Me C e e
400 x? / ndf 0.9245/3 V at TB e
- Prob 0.8195 100[— R i
- e 0 -3.947 + 1.853 r =
200 P = =
C p 785.6 + 43.38 200Me | = F L
Oz’)l' 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 Vat TB 0:.;'-;—‘ 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
0.2 0.4 0.6 0.8 1 Charge_1 .2 (0C) 0 0.05 0.1 0.15 0.2 0.25 Chargeq's (0C)

input

« Use 3 different regions to describe the preamp
response
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Channel 6 - Calib. Ch6 Apd0

8 - 2 /' ndf 2.202/3 .
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« Sum all the channels with Signal greater than O fogether
o Intercalibration parameters applied

« Stable temperature during all the test period
o No T correction needed

Ch6 - Position Cen - LowEnergy Trigger Ch6 - Position Cen - HighEnergy Trigger
E 99MeV C
- %2/ ndf 122.4162 %2 I ndf 382/174 1600 |
450 — Prob 7.558e-06 Prob 1.233e-17 - 301MeV
rr =< <-- 1vVY |cosam 1914233 Costant 433.6 = 4.0 =
400 : 76MeV } Mean 95.1421.03 M}ean 188.9 = 0.2 1400 -
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C Lamb@209e-11= 1280001 | | Lambda 000 C
3501 1200[— -
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E %2 / ndf
600—
‘‘‘‘‘‘‘ - Costant
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200
- 780MeV
¥ B v Nl e - L ' - | L [ -
Y R R B a 0
0 200 300 400 500 600 500 1500 ) 2000 2500
Amplitude Sum (ADC counts) Amplitude Sum (ADC counts)
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Resolution

* Crystal Center

Resolution - Calib. Ché Apd0

Belle IT

Fit function : o(E)/E

—e— Run dn Ch6 (Cen

)

o RunanChg (Cen
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7.861/7
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%2/ ndf
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| a 3.259 +0.1477 |..
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Prob 0.1387
a 3.001=0.143
b 0.2167 = 0.1393
|1 c 3.251+0.2542 |-
2 [ I ndf 4.281/7
i | Prob 0.7468
1 a 3.139 + 0.05614 |
b 0.0001833 = 70.05
c 3.065 + 0.1723
%° / ndf 12.44/7
Prob 0.08711
a 2.809 = 0.05385
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3.482 + 0.1423
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Prob 0.4075
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b 0.2355 = 0.1472
c 3.09 = 0.2933
%2 I ndf 10.75/7 |-
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a 2.984 = 0.1441
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S [ @7 ndf 447117
i | Prob 0.7241
1 a 3.226 +0.1397 [~
b 0.06421+ 0.9352
c 2.882 = 0.2939
114717
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2.833 = 0.05412
0.0001506 = 88.42 |..

3.486 = 0.1437

0.1

» Resolution after shaping not updated
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Ché - Position Cen - Calib Ch6 - LowEnergy Trigger Ché - Position Cen - Calib Ché - HighEnergy Trigger
: ¥2/ndf 11277100 %2 I ndf 175.9/142 E %2 /ndf  248.3/197
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~ Costant 149.3 £ 2.0 300 — Costant 1166 = 1.7
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100 — -
C 100—
q‘”m.um‘ I R I = | s TN AR R
-100 -80 -60 40 60 80 100 —%00 -150 -100 -50 0 50 100 150 200
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<O Prob 4.682e-17 O S q r eVCI U O e Wi
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Ch9 - Position Cen - Cluster Size

= Energy 50.3MeV
= Energy 75.8MeV
= Energy 99.1MeV

Energy 151.0Me
= Energy 201.0Me

L_I

ol

2 4 6 8 10 12 14 16
Number of Crystals

Energy 301.4MeV
= Energy 400.5Me
= Energy 500.8MeV]

Energy 650.9Me
= Energy 780.2MeV|

ol—

2 4 6 8 10 12 14 16
Number of Crystals
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Ch9 - Position Cen - E/E

total
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2500 Energy 650.9MeV
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total
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E1/Etot ratio
lower at lower
energies

o Isitas
expected?

o Higher
contribution from

low energy
photonse
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« EIT/Etof stable with
time
 The energy

dependence is mainly
due to the noise
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Ch9 Apdo - 50MeV Ch9 Apdo
E = %2 / ndf 681.8/44
ssol 9000
- 90.25 / 65 s000f- Prob 0
300 0.02088 7000 = Constant 9094 + 40.9
E 3234 5.0 2
2s0f- 3157 2012 sooof- Mean  -0.09934 = 0.00815
200F- 5.567 = 0.055 s000E- Sigma 2.27 +0.01
E 0.166 = 0.013 c
150— 40001—
100i 3000F-
- 2000
50— E
o 1000f—
ok L o N T
80 e 0 10 5 0 5 10 15
APD
« If el/etot ~ 80%
e1/e10 o) oho Apd0
2/ ndf 34.45/29
° E N E 10000
Prob 0.2231

Constant 1.033e+04 = 4.473e+01

o 40MeV*2.1/31.3=2.7MeV 8000

 For 9xtal cluster
o Noise 2.7*sqrt(18)~11MeV 4000

2000

Mean 0.005965 + 0.007313

Sigma 2.075 = 0.005

P R R PR R L
-20 -10 0 10 20 30
ADC

I
Wl
o
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Shaped Signal Analysis
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« Same analysis applied also to shaped (100ns)

signals

Ch6 - Position Cen - Shp 100ns - LowEnergy Trigger

a6
L JIVIEV 2 o 8767/54 | [ /nat 199.3/112

- Prob 000255 | | Prob 7.5390-07

500 —[ Costant 208.4+3.4 Costant 469.9= 45
B 76MEV A Mean 90702 Mean 183203

Sigma 1513019 | | Sigma 2081+ 0.18

Lambd.1e-08 + 1.4e-02 | | Lambda0.08702 = 0.01080

400 __ %2/ ndf 121.2/82
- ‘ Prob 0.003191
- Costant 3763 4.4
- Mean 1373203
3 Sigma 176202
9
| Lambdz0.04634 = 0.01399
200—
100—

%2/ ndf 264.8 /237
Prob 0.1037
Costant 132418
Mean 4069+ 06
Sigma 318203
Lambda0.05792 = 0.01153

-

400

500 600

Amplitude Sum (ADC counts)

® A. Rossi - Bellell ECL metting

1600

1400

1200

1000

800

600

400

200

Ch6 - Position Cen - Shp 100ns - HighEnergy Trigger

%2 I ndf 472.2/179
301MeV Prob 2745028
Costant 740+ 65
Mean 1163+ 06
Sigma 56.34x 0.32
Lambda 0.1637 = 0.0079

%2 I ndf 311.2/117

400MeV
501MeV [} oo

Lambda 0.1431 = 0.0079

¥ /ndf  236.2/173
Prob 0.0009996
Costant 188+ 2.8
Mean 1928 = 1.4
Sigma  72.88 = 0.69
Lambda 0.2=0.0

780MeV
L |

L L. -
500 1000 1500 2000 2500
Amplitude Sum (ADC counts)
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Ch6 - Position Cen - Cluster Size

= Energy 50.3MeV
= Energy 75.8MeV
= Energy 99.1MeV

Energy 151.0Me
= Energy 201.0Me

ol

2 4 6 8 10 12 14 16
Number of Crystals

Energy 301.4MeV
= Energy 400.5Me
= Energy 500.8MeV]

Energy 650.9Me
= Energy 780.2MeV|

2 4 6 8 10 12 14 16
Number of Crystals
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total

Cluster Size (SHP)

Ch6 - Position Cen - E/E

1000
= Energy 50.3MeV
= Energy 75.8MeV
= Energy 99.1MeV
Energy 151.0MeV
= Energy 201.0MeV

800

600

400

200

30001~ Energy 301.4MeV
r == Energy 400.5MeV
L = Energy 500.8MeV
2500— Energy 650.9MeV
o = Energy 780.2MeV
2000~
1500{—
1000
500~
o L [
0 0.2 0.4 0.6

0.8

EJE

total
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Belle IT

« Cluster Size
slightly bigger
wrt CSP

o  ~0.3 crystals

« EI1/Etot has
same behavior
as before
shaping
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