Timing Calibration & Signal Selection

Lel Zheng
05/22/2019



S|



Fitting of Timing

s_erro
mean m_error | sigma r

Si0_0 201.2 0.6 4.4 0.7
wall 0 200.52 0.03 4.48 0.04
Si1 0 202.6 04 4.6 0.4
wall 1 202.24 0.04 5.03 0.04
Si2 0 203.0 0.6 3.6 0.5
wall 2 203.22 0.09 5.95 0.08
Si3 0 202.8 0.7 53 0.9

Conclusion: wall 3 202.67 0.07 5.38 0.07

1. Different calibration constants for each wall
2. The fitting result of a wall is consistent with the strips that belong to it

Calibration in the code

Wall0: 200.52 Wall0 | 20052 4.48
Wall1: 202.24 Wall1 | 20223 5.03
Wall2: 203.22 Wall2 | 20322 5.95
Wall3: 202.67 Wall3 | 20267 5.38




Fitting of Timing with 4 walls combined(after calib.)

hGET_THitPatterniD Wall 0 | 200.5180 | 4.4752
hGET_THitPattem1D
18000 = Entrics 425505 Wall 1 | 202.2390 | 5.0264
16000 Mean 192.8 Wall 2 | 203.2190 | 5.9487
- Std Dev 41.97
- Wall 3 | 202.6740 | 5.3839
14000 —
= 4Walls | 200.1300 | 4.4762
12000 —
10000 |—
8000 {—
6000 —
4000 —
2000 —
ob 1 1 1 ! !
0 100 200 300 400 500

NO. NAME VALUE ERROR SIZE DERIVATIVE
1 Constant 1.64354e+04 5.66243e+01 6.02904e-02 -3.76815e-07

2 Mean 2.00130e+02 1.46267e-02 1.65763e-06 1.90229e-04
3 Sigma 4.47618e+00 1.83204e-02 -1.53052e-06 1.19530e-02




Before and After Correction

hGET_THitPattern1D hGET_THitPattern1D
_ hGET_THitPattern1D 18000 hGET_THitPattern1D
- Entries 425505 — Entries 425505
18000 |— Mean 194.6 - Mean 192.8
= StdDev  41.97 16000 — StdDev  41.97
14000 :— 14000 =
12000 before 12000 [ after
10000 :— 10000 —
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NO. NAME VALUE ERROR SIZE DERIVATIVE NO. NAME VALUE ERROR SIZE DERIVATIVE
1 Constant 1.58810e+04 5.28177e+01 8.43930e-01 -2.49785e-05 1 Constant 1.64354e+04 5.66243e+01 6.02904e-02 -3.76815e-07

2 Mean 2.01664e+02 1.43879e-02 3.15821e-04 5.28465e-02 2 Mean 2.00130e+02 1.46267e-02 1.65763e-06 1.90229e-04
3 Sigma 4.75511e+00 1.69268e-02 2.15108e-05 -6.71029e-01 3 Sigma 4.47618e+00 1.83204e-02 -1.53052e-06 1.19530e-02

201.66+-4.76 200.13+-4.48




Hit Multiplicity of Si_ WallO _Front
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Before Correction
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After Correction
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S_erro
mean |m_error|sigma r
wall
0 -0.55| 0.03 | 4.37 | 0.03
wall
1 |-0.87| 0.02 | 4.71 | 0.03
wall
2 |-1.30( 0.04 | 5.20 [ 0.05
wall
3 |-067| 0.03 | 453 | 0.03

hGET_THitPattern1D_SiWallCorr1

NGET_THPutem1D_SWalCort

T Entries 154452
E Mean ~7.769
6000 — Std Dev 38.2
5000 —
4000 —
3000 —
2000 —
1000 — \'\
o A A | T e A !
200 ~100 0 100 200
hGET_THitPattern1D_SiWallCorr3
WGET_THPuten10_SWalCord
F Entries 83166
E Mean -9.16
] o StdDev 3644
3000 —
2500 —
2000 —
1500 —
1000 —
500 |—
:. i | 1

~200




before correction

before correction

mean m_error sigma s_error
200.5
wallo| 2 003 | 448 | 0.04
202.2
wall1| 4 004 | 503 | 004
203.2
wall2| 2 009 | 595 | 0.08
202.6
wall3| 7 007 | 538 | 0.07
after correction
mean m_error sigma S_error
wall0| -055| 003 | 437 | 0.03
wall1|-087| 002 | 471 | 0.03
wall2 | -130| 0.04 | 520 | 0.05
wall3|-067 | 003 | 453 | 0.03

mean | m_error sigma S_error
wall0]199.94| 0.03 | 4.34 | 0.03
wall1]201.40| 0.02 | 4.44 | 0.03
wall2|201.84| 004 | 497 | 0.05
wall 3|201.73| 0.03 | 4.68 | 0.04

after correction

mean | m_error | sigma | s_error
wall0| -0.06 | 0.03 | 4.34 | 0.03
wall1| 040 | 0.02 | 444 | 0.03
wall2 | -0.03 | 0.04 | 492 | 0.05
wall3| -021 | 0.03 | 4.42 | 0.04




Hit Multiplicity of Si Wall, both sides
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PGET_! 0
7000 — Entries 13679
= Mean 1.842
E StdDev 07651
6000 —
so00
E WallO Front
4000 —
3000 —
2000 E—
1000 —:—--
o:' [ A | J 1 ! Ll
(] 1 2 3 4 5 6 7 8 ] 10
hGET_SiHitMultiplicityWall1102743376_1102727740
= PﬁE‘iSMIAIWMI)J
nf- ol
E StdDev _ 0.7002
6000 —
5000 E—
E WallO Back
4000 —
3000 E—
2000 E—
1000 f—
0:. l.‘..ITl—v—v—v—H....l 1 | i " "
o 1 2 3 4 5 6 7 8 9 10

hGET_SiHitMultiplicityWall1102743376_1102726180

DGET_

10000

8000

6000

4000

2000

_IIIIIIIIIIIlIIIIIIIlI]I

Wall1 Front

0
Entries 21145
Mean 1.821
Std Dev 0.7961

o

1

2

3

4

5

hGET_SiHitMultiplicityWall1102743376_1102726270

NGET_SiHmMultplolyWalit_t

10000

8000

6000

4000

2000

III|III|III|III[III|

Wall1 Back

Entries 17458
Mean 1.549
Std Dev 0.691

o

Two Sides
Different Multi.



Hit Multiplicity of Si Wall, both sides

hGET_SiHitMultiplicityWall1102743376_1102726788
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Two Hits Correlation

hGET_2HitsCorrelation_SiWall2147483616_-2141554039
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X: Strip No. of 1st Hit
Y: Strip No. of 2nd Hit

TWO Contributions: 1. Random; 2. Two neighbor strips




Two Hits Correlation
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Two Hits Correlation
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Timing of Single Csl Crystals
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TvsE for Csl_0_1

X: Energy

Y: Timing
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Fitting with different range

Fitting Function: p0 - p1/x

hGET_TEHitPattern2D

hGET_TEHitPattern2D

hGET_TEHitPattern2D

hGET_TEHitPattern2D hGET_TEHitPattern2D hGET_TEHitPattern2D
= Entries 3531 Entries 3531 E Entries 3531
Mean x 612 Mean x 612 az0 Mean x 612
Mean y 2942 Mean y 294.2 — Mean y 2942
StdDevx 377.2 StdDevx  377.2 StdDevx 377.2
StdDevy 8.744 StdDevy 8.744 StdDevy _B8.744
Cov v b v b b o 1wy b o by Ly | Cow v b b by by b by Ly w o L Cow v by 1w b b b by Ly w o |
o 500 1000 1500 2000 2500 3000 3500 4000 o 500 1000 1500 2000 2500 3000 3500 4000 o 500 1000 1500 2000 2500 3000 3500 4000

100-1500

root [8] hGET_TEHitPatternz2D->Fit("f1","R")

e e e o e ok ok e ok ok e o ok ok e o ok e e ok ok e o ok ok o ok ok e o ok ok o ok ok ok ok ok ok ok
Minimizer is Minuit / Migrad
Chiz =
NDf

207800
1700
4.1125e-14
NCalls 32
po 299.201
pl 2316.45

(TFitResultPtr) <nullptr TFitResult>

+/~-
+/-

0.351671
131.461

100-2000
root [9] hGET_TEHitPattern2D->Fit("f2","R")

e ok e o ok e e ok ol o ol e o ol e o ol e o ol e o ok e o ok ol o ok ol o ok ok o ok ok ok ok R ok
Minimizer is Minuit / Migrad
Chiz =

NDf =

Edm

NCalls

p@ 299.506
pl 2402 .85
(TFitResultPtr) <nullptr TFitResult>

211183
1751
2.00108e-14
32
+/-
+/-

0.342141
129.054

100-2500
root [10] hGET_TEHitPattern2D->Fit("f3","R")

e ok o e ok o o ok o o ok e o ok o o ok ol o ok ol o ok ok ok ok ol o ok e o ok ok o o ok ok ok ok Ok
Minimizer is Minuit / Migrad
Chiz = 211561
= 1755
3.21969%e-16
32
299.518
2406.14
(TFitResultPtr) <nullptr TFitResult>

+/=
+/-

0.341576
128.913




Fitting with different range

Fitting Function: p0 - p1/x

hGET_TEHitPattern2D

hGET_TEHitPattern2D

hGET_TEHitPattern2D

hGET_TEHitPattern2D hGET_TEHitPattern2D hGET_TEHitPattern2D
= Entries 3531 Entries 3531 E Entries 3531
Mean x 612 Mean x 612 az0 Mean x 612
Mean y 2942 Mean y 294.2 — Mean y 2942
StdDevx 377.2 StdDevx  377.2 StdDevx 377.2
StdDevy 8.744 StdDevy 8.744 StdDevy _B8.744
Cov v b v b b o 1wy b o by Ly | Cow v b b by by b by Ly w o L Cow v by 1w b b b by Ly w o |
o 500 1000 1500 2000 2500 3000 3500 4000 o 500 1000 1500 2000 2500 3000 3500 4000 o 500 1000 1500 2000 2500 3000 3500 4000

200-1500
root [11] hGET_TEHitPattern2D->Fit("f4","R")

S o o o e e e e o o o o o e e e ol o o o o e e e o ok o o o o o e e e o o o ok ok

Minimizer is Minuit / Migrad
Chiz = 137074
1537

4.67958e-16

NDf
Edm
NCalls 32
p@ = 305.526
pl = 5779.01
(TFitResultPtr) <nullptr TFitResult>

+/-
+/-

0.413165
191.843

200-2000

root [12] hGET_TEHitPattern2D->Fit("f5",

e e e e e e e e e e o o o o o ok o ok ol ol ok ok ok ok ke ok ok ok ok ok ok ok ok ok ok ok kR

Minimizer is Minuit / Migrad
Chiz 138397
1588
4.97452e-15
34

305.686
5842.37

(TFitResultPtr) <nullptr TFitResult>

+/-
+/=

0.395392
185.295

200-2500
root [13] hGET_TEHitPatternz2D->Fit("f6","R")

e o o e o o o o o ok e o ok ol o ol ol o ol e e ok ol o ok ol ol ol ok o o ok o o ok ok ok ok R ok
Minimizer is Minuit / Migrad
Chiz 138734
1592
Edm 2.03224e-14
NCalls 32
po 305.68
pl 5839.72
(TFitResultPtr) <nullptr TFitResult>

+/-
+/-

0.39447
184.972




Fitting with different range

Fitting Function: p0 - p1/x

hGET_TEHitPattern2D

hGET_TEHitPattern2D

hGET_TEHitPattern2D

hGET_TEHitPattern2D hGET_TEHitPattern2D hGET_TEHitPattern2D
= Entries 3531 Entries 3531 E Entries 3531
Mean x 612 Mean x 612 az0 Mean x 612
Mean y 2942 Mean y 294.2 — Mean y 2942
StdDevx 377.2 StdDevx  377.2 StdDevx 377.2
StdDevy 8.744 StdDevy 8.744 StdDevy _B8.744
Cov v b v b b o 1wy b o by Ly | Cow v b b by by b by Ly w o L Cow v by 1w b b b by Ly w o |
o 500 1000 1500 2000 2500 3000 3500 4000 o 500 1000 1500 2000 2500 3000 3500 4000 o 500 1000 1500 2000 2500 3000 3500 4000

300-1500

root [17] hGET_TEHitPattern2D->Fit("f7

o o o o o e e e o o o o o o o o e e e e ok ok ok o o o o o o e ok ke ok ok ok ok ok ok ok ok

Minimizer is Minuit / Migrad
Chiz =
NDf 1370
Edm 1.54881e-14
NCalls 33
po 310.318
pl 8718.6
(TFitResultPtr) <nullptr TFitResult>

90245.7

+/-
+/-

0.427351
220.743

300-2000

root [18] hGET_TEHitPattern2D->Fit("f8","R")

e e e e e o o o o o e e e o o o o o o e e e o o o o o e e e ok o o o o e e ke ok o

Minimizer is Minuit / Migrad
Chi2 91419.4
1421
2.22134e-15
32

310.193
8662.28

(TFitResultPtr) <nullptr TFitResult>

+/=
+/-

0.404987
211.232

300-2500
root [19] hGET_TEHitPattern2D->Fit("f9","R")

e ot o e o o e ok ol e ok ok e ol ok e ok ol e ol ol e ol ok e ol ok e ol ok e ok ok ok o ok ok ok ok ok
Minimizer is Minuit / Migrad
Chiz =
NDf = 1425
Edm = 8.16168e-15
NCalls = 32
p@ = 310.159
pl = 8646.51
(TFitResultPtr) <nullptr TFitResult>

91825.5

+/=
+/-

0.404089
210.894




Timing of Csl_0 1, before and after calibration
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Timing of Csl_0 1 after calibration with fitting results

hGET_TCorrHitPatterniD

hGET_TCorHilPaltem1D
300 [— Entries 6417
B Mean 1.29
— Std Dev 121.1
250 —
B S_erro
— mean m_error Sigma r
me Csl0 0| -045 0.09 453 | 0.09
150 —
100 — root [2] *f1= new TF1("f1","gaus", -10, 10)
- (TF1 *) 0x4a875e0
50— root [3] hGET_TCorrHitPatterniD->Fit("f1","R")
- FCN=40.9571 FROM MIGRAD  STATUS=CONVERGED 67 CALLS 68 TOTAL
& EDM=3.38688e-09  STRATEGY= 1 ERROR MATRIX ACCURATE
%0 @0 200 100 O EXT PARAMETER STEP FIRST

NO. NAME VALUE ERROR SIZE DERIVATIVE
1 Constant 2.70032e+02 6.67363e+00 1.56452e-02 7.39373e-06
Z2 Mean -4.48231e-01 9.10916e-02 2.86063e-04 8.21714e-04
3 Sigma 4.52786e+00  8.90898e-02 1.60180e-05 3.26426e-03
(TFitResultPtr) <nullptr TFitResult>
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X: Energy ADC Channel

Y: Timing ADC Channel (270~320)

T_corr = T_obs - C_Owall - C_1wall/E

T_corr=T_obs-313-10619.3/E
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Timing of Csl_0 1, before and after calibration
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Y Count

Timing of Csl_0 0 after calibration with fitting results

hGET_THitPattern1D_CsICrystalCorr 0_0

300

250

200

150

100

50

IhGET_THitPattern1D_CslCrystalCorr_0_0
Entries 6417
Mean 7.813
Std Dev 104.5
S_erro
mean m_error sigma r
Csl0_0 -0.25 0.09 4.55 0.09
root [2] 1 *f1 = new ("f1","gaus",-10,10)
(TF1 *) 0x475f840
root [3] hGET_THitPatternlD_CsICrystalCorr_0_0->Fit("f1","R"
FCN=80.2786 FROM MIGRAD STATUS=CONVERGED 64 CALLS
EDM=8.31869e-10 STRATEGY= 1 ERR
EXT PARAMETER STEP
, NO. NAME VALUE ERROR SIZE
-200 -100 100 200 o
X Timing ADC Channel 1 Constant 2.61795e+02 6.62031e+00 2.13169e-02

2 Mean -2.55338e-01 9.47894e-02 3.97344e-04
3 Sigma 4.54909e+00 8.99940e-02 2.12984e-05
(TFitResultPtr) <nullptr TFitResult>
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TvsE of Csl_0 0 after correction

Y Timing ADC Channel
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S parate tlmes Somethmg is different about them. (Btd Dev x 400.4
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Same Timing: 300; Energies: 612, 806

mmWaveformY:mmWaveformX {mmEventldx==3301088mmCobo==1&&mmAsad==0&&mmAget==08&&mmChan==2}
Waveform: Timing300, Energy806

Energy
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4000

3800

3600

3400

3200

3000

2800

Waveform: Timing300, Energy612

AN e

o~

;

Energy

4000

3600

3400

3200

3000

2800




Same Timing: 300; Energies: 961, 1351
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Y &&mmCobos=1& & &&mmChan=s=2)

Waveform: Timing300, Energy961

Energy

mmWaveformY:mmWaveformX {mmEventldx==3002188mmCobo==1&&mmAsad==0&&mmAget==08&&mmChan==2}
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Timing: 300; Energies: 612, 806, 961, 1351

mmWaveformY:mmWaveformX {mmEventidx==29863&&mmCobo==1&&mmAsad==0&&mmAget==0&&mmChan==2}
Timing: 300, Energies: 612, 806, 961, 1351
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Energy: 729; Times: 291, 296, 298, 304, 309, 426

mmWaveformY:mmWaveformX {mmEventidx==37903&&mmCobo==1&&mmAsad==0&&mmAget==0&&mmChan==2}
Energy: 729; Timings: 291, 266, 268, 304, 309, 426
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Energy(ADC channel)

Energy: 729; Times: 291, 296, 298, 304, 309, 426

mmWaveformY:mmWaveformX {mmEventldx==37903&&mmCobo==1&&mmAsad==0& &mmAget==0&&mmChan==2) g
Energy: 729; Timings: 201, 206, 268, 304, 309, 426
Energy: 729; Timings: 291, 266, 268, 304, 309, 426
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Energy(ADC channel)

mmWaveformY:mmWaveformX {mmEventldx==39310&&mmCobo==1&&mmAsad==0&&mmAget==0&&mmChan==

T308E750 vs T300E1091

T308E750 vs T300E1091
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Energy(ADC channel)

mmWaveformY:mmWaveformX {mmEventldx==36503848&mmCobo==1&&mmAsad==0&&mmAget==0&&mmChan==
T308F750 vs T295FE1080

T308E750 vs T295E1080
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Energy(ADC channel)

T305E1320 vs T280E248

mmWaveformY:mmWaveformX {mmEventldx==2973588&mmCobo==1&&mmAsad==0&&mmAget==0&&mmChan== ey it
T305E1320 vs T280E248 0=~ 0o
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T _Corr Flttlng Results of ALL Csl Crystals

Crystal Peak
woco 261.
wocl 259.
wacz 249.
wac3 186.
woc4 323.
Wacs 282.
wace 305.
wac7 299.
wocs 248.

&

LT R S I R R S
[~ I~ I~ B~ I~ I~ I~ I R V)
SIS~ I~ I~ I~ I~ I
ST LU S R I S~
I~ I~ I~ IS I~ IS

L~ I~ I~ I~ I~ IS

6 5 4. ) 0
0 (%) 7 g 4 (%)
7 5 5. 5 %)
) 5 Y g 4 (%)
i 5 8. 4 (%)
6 6 L 4 %)
6 ) Q. (%) (%)
6 5 6. 4 %)
4 5 6. 5 0




