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Time [start, bin]
값추출

C_1, 100~120
C_2, 80~90

C_counter_n_Peak ADC

Reading Plot 1
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Reading Plot 2
89.01%

𝑆𝑖𝑚_𝐸𝑛𝑒𝑟𝑔𝑦 = 4.0 ∗ 0.8901

𝐶_𝐸𝑛𝑒𝑟𝑔𝑦_𝑐𝑢𝑡 = 3.508 1.014937286…

Float Scale_C
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y =
Sigma i

Mean i

𝑥 =
1

𝐸[𝑖]

𝑥 = 𝐸[𝑖]

𝑦 =
𝑀𝑒𝑎𝑛 𝑖

𝐸 𝑖

Final Plotting



Day 1

Target tow
er Ch Start End

3D

S 130 310

C 130 270

Target tow
er Ch Mean Tmp const Beam E E deosit

Equalizatio
n const

3D

S 69312
0.0000577

101 4 73.66
0.0000425

092

C 33724
0.0001186

099 4 73.66
0.0000873

680



Day 2

Energy scan set-3 (1.5mm collimator, no angle, no AstroPix)

Run Wave Trigger
Collima

tor
Rotatio
n (deg)

Tilt (de
g) Particle

Energy (
GeV)

Beam T
arget Detail

4234 5015

Using Tr
igger-1, 
Trigger-

2

1.5 mm 
(± 0.7% 
momen
tum spr

ead) x x e+

5

3D

e+ ener
gy scan 
runs (1.
5mm co
llimator, 
w/o ang
le, w/o 

AstroPix
)

4235 5039 4

4236 5060 3

4237 5058 2

4238 5005 1

4239 1001 0.75

4240 1001 0.5

4241 501 0.5

4242 504 0.75

Run Beam E (GeV) Fit E (GeV) Response

4234 5 4.448 0.8896

4235 4 3.565 0.89125

4236 3 2.656 0.8853333333

4237 2 1.71 0.855

4238 1 0.8855 0.8855

4239/4242 0.75 0.6832 0.9109333333

4240/4242 0.5 0.4474 0.8948
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IntADC vs PeakADC
● IntADC

– Represent charge Q (= V * t)
– Include DAQ noises (x-talk, ground problem, etc ...)
– With 6 mm collimator, one more particles enter the DRC within time window.

● PeakADC
– Represent voltage V
– Assume time width of signal is not changed significantly.

DAQ noise



 2

Method
● Select integral & peak search range.
● Calibration evt-ped and run-ped, respectively
● With run-ped & intADC, energy distribution is not fitted with gaussian

– Use the mean and std of energy distribution
●  Under 1 GeV runs, the Scint channel has strange peak on 0 GeV.

– In resolution, the energy points over 2 GeV are fitted.

intADC run-ped 5 GeV Ceren peakADC run-ped 1 GeV Scint
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IntADC
run-ped

evt-ped
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PeakADC
run-ped

evt-ped
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Pedestal Analysis of Scintillator for 3D Module 
 in Run 4213

Joonsuk Bae

2024 DRC tutorial

Sungkyunkwan University

1



• Original goal: Set-2 Energy Calibration 
• Run 4213: Negative E in Wing Towers after Calibration 

• Ineffective Run Pedestal

Motivation

2

Deposit E 3D_sum_C 3D_W1_C 3D_W2_C 3D_W3_C 3D_sum_S 3D_W1_S 3D_W2_S 3D_W3_S

4207 Mean 2.933 0.05489 0.03243 0.03226 2.934 0.05549 0.03353 0.03204

4207 Std. dev. 0.736 0.05036 0.04542 0.0513 0.5951 0.04368 0.03316 0.03256

4208 Mean 2.93976 0.0539399 0.0314306 0.0310168 2.94904 0.0548128 0.034306 0.0312685

4208 Std. dev. 0.734116 0.0487607 0.0447764 0.0518998 0.598892 0.0439925 0.0349857 0.0324778

4209 Mean 2.93825 0.0540797 0.0322488 0.0316756 2.94321 0.0547324 0.033976 0.0315548

4209 Std. dev. 0.735127 0.0501178 0.0464437 0.0520095 0.588573 0.0433508 0.0319352 0.0328898

4210 Mean 2.23242 0.0394645 0.0244963 0.0226604 2.35058 0.0402978 0.0253697 0.0230472

4210 Std. dev. 0.620275 0.0407766 0.0408611 0.0403874 0.518058 0.035099 0.0263984 0.0259034

4211 Mean 2.23071 0.0397913 0.024402 0.0235093 2.36442 0.0404988 0.0253657 0.0234186

4211 Std. dev. 0.626196 0.0400474 0.0397794 0.0443853 0.527923 0.0348623 0.0267814 0.0269315

4212 Mean 2.23811 0.0398993 0.0251221 0.0238962 2.37221 0.0405943 0.0256937 0.0234287

4212 Std. dev. 0.62739 0.0399361 0.041496 0.0439514 0.533293 0.0349255 0.0269553 0.0268159

4213 Mean 1.48574 0.0252291 0.0161538 0.0142479 1.45081 0.00121508 -0.0162104 -0.0170177

4213 Std. dev. 0.494397 0.0304242 0.0337351 0.0325825 0.461437 0.0250949 0.0199878 0.0202329

4214 Mean 1.49011 0.0248597 0.0159081 0.0143311 1.71104 0.0255804 0.0164825 0.014543

4214 Std. dev. 0.501658 0.0302588 0.0335326 0.0334506 0.462586 0.0246482 0.0202822 0.019481

4215 Mean 1.48089 0.0250454 0.0160176 0.0143026 1.70016 0.0256535 0.0163551 0.0145835
4215 Std. dev. 0.496528 0.0303087 0.0329272 0.0326107 0.463231 0.0245681 0.0202967 0.01978
4216 Mean 3.63771 0.0681596 0.0407281 0.0398545 3.55599 0.068837 0.0431101 0.0396657
4216 Std. dev. 0.819753 0.0566449 0.0502893 0.0567973 0.65509 0.0502564 0.0386974 0.0370993
4217 Mean 3.63515 0.068622 0.0407871 0.0399033 3.55764 0.0692138 0.0433238 0.0399472
4217 Std. dev. 0.831257 0.0582648 0.0501999 0.0563399 0.670685 0.0527542 0.0370411 0.0363281
4218 Mean 3.64044 0.0677887 0.0407821 0.0402036 3.57317 0.0683227 0.0426033 0.0398785
4218 Std. dev. 0.83262 0.056228 0.0501389 0.0561644 0.66561 0.050254 0.037793 0.0357485
4219 Mean 0.710085 0.0104045 0.00812785 0.00620462 0.869877 0.0112189 0.00771444 0.00576387
4219 Std. dev. 0.32482 0.0186583 0.0246295 0.0209736 0.33311 0.0139962 0.0123473 0.0113731
4220 Mean 0.517671 0.00718975 0.00552427 0.00445344 0.641511 0.00761312 0.00494134 0.00441281
4220 Std. dev. 0.258678 0.0132008 0.0201232 0.0155073 0.269794 0.0106226 0.00884873 0.00913749
4221 Mean 0.337647 0.00434062 0.00358766 0.00277494 0.426446 0.0045787 0.00300601 0.00261502
4221 Std. dev. 0.20659 0.0128716 0.0131341 0.011437 0.213989 0.0072601 0.00668756 0.00620275
4222 Mean 0.521032 0.0077144 0.00546658 0.00447612 0.649755 0.00776183 0.00484406 0.0042867
4222 Std. dev. 0.279521 0.0145655 0.020932 0.0164081 0.285119 0.0111528 0.00893593 0.00821292
4223 Mean 3.78568 0.0677544 0.0399391 0.0402727 3.67342 0.0674635 0.0430477 0.040038
4223 Std. dev. 0.868699 0.0573161 0.050791 0.0589461 0.704303 0.0504808 0.0392232 0.0362732

Raw wave
Run pedestal



• Discrepancies: Run vs. Event Pedestals. 
• Run Pedestals: Exceed wing wave means. 
• Event Pedestals: Effective subtraction.

Analysis
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Raw wave
Run pedestal
Evt pedestal

Pedestals vs Wave

SV of event pedestal

Run: 4213 
N_evt: 40,000



• Event Pedestal:  

Fine-tuning per event, risks over-precision. 

• Range Adjustment:  

Bias risk, limited effectiveness. 

• Event Selection Criteria:  

Positive means post-subtraction, bias potential, trigger ≠ wing activation. 

Solutions & Limits
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Backup
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• Equilization Constant

Energy Calibration
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Run Target 
tower

Ch Mean Tmp 
const

Beam E E deosit Eq const

4173

3D
S 69100 5.79E-05 4 73.66 4.26E-05
C 37060 1.08E-04 4 73.66 7.95E-05

3D - W1
S 12946 3.09E-04 4 1.38 4.26E-06
C 8799 4.55E-04 4 1.38 6.27E-06

3D - W2
S 7637 5.24E-04 4 0.82 4.29E-06
C 1832 2.18E-03 4 0.82 1.79E-05

3D - W3
S 7030 5.69E-04 4 0.82 4.67E-06
C 2159 1.85E-03 4 0.82 1.52E-05

4175 HW
S 83592 4.79E-05 4 82.14 3.93E-05
C 50891 7.86E-05 4 82.14 6.46E-05

4177 H1
S 95728 4.18E-05 4 82.36 3.44E-05
C 57617 6.94E-05 4 82.36 5.72E-05

4181 H2
S 91128 4.39E-05 4 82.32 3.61E-05
C 58797 6.80E-05 4 82.32 5.60E-05

4179 H3
S 87456 4.57E-05 4 78.3 3.58E-05
C 50032 7.99E-05 4 78.3 6.26E-05

4176 L1
S 67496 5.93E-05 4 71.2 4.22E-05
C 42634 9.38E-05 4 71.2 6.68E-05

4182 L2
S 111229 3.60E-05 4 71.33 2.57E-05
C 7906 5.06E-04 4 71.33 3.61E-04

4178 L3
S 61265 6.53E-05 4 67.66 4.42E-05
C 37920 1.05E-04 4 67.66 7.14E-05

4180 L4
S 40720 9.82E-05 4 68.14 6.69E-05
C 20577 1.94E-04 4 68.14 1.32E-04

Deposit E 3D_sum_C 3D_W1_C 3D_W2_C 3D_W3_C 3D_sum_S 3D_W1_S 3D_W2_S 3D_W3_S
4207 Mean 2.933 0.05489 0.03243 0.03226 2.934 0.05549 0.03353 0.03204

4207 Std. dev. 0.736 0.05036 0.04542 0.0513 0.5951 0.04368 0.03316 0.03256

4208 Mean 2.93976 0.0539399 0.0314306 0.0310168 2.94904 0.0548128 0.034306 0.0312685

4208 Std. dev. 0.734116 0.0487607 0.0447764 0.0518998 0.598892 0.0439925 0.0349857 0.0324778

4209 Mean 2.93825 0.0540797 0.0322488 0.0316756 2.94321 0.0547324 0.033976 0.0315548

4209 Std. dev. 0.735127 0.0501178 0.0464437 0.0520095 0.588573 0.0433508 0.0319352 0.0328898

4210 Mean 2.23242 0.0394645 0.0244963 0.0226604 2.35058 0.0402978 0.0253697 0.0230472

4210 Std. dev. 0.620275 0.0407766 0.0408611 0.0403874 0.518058 0.035099 0.0263984 0.0259034

4211 Mean 2.23071 0.0397913 0.024402 0.0235093 2.36442 0.0404988 0.0253657 0.0234186

4211 Std. dev. 0.626196 0.0400474 0.0397794 0.0443853 0.527923 0.0348623 0.0267814 0.0269315

4212 Mean 2.23811 0.0398993 0.0251221 0.0238962 2.37221 0.0405943 0.0256937 0.0234287

4212 Std. dev. 0.62739 0.0399361 0.041496 0.0439514 0.533293 0.0349255 0.0269553 0.0268159

4213 Mean 1.48574 0.0252291 0.0161538 0.0142479 1.45081 0.00121508 -0.0162104 -0.0170177
4213 Std. dev. 0.494397 0.0304242 0.0337351 0.0325825 0.461437 0.0250949 0.0199878 0.0202329

4214 Mean 1.49011 0.0248597 0.0159081 0.0143311 1.71104 0.0255804 0.0164825 0.014543

4214 Std. dev. 0.501658 0.0302588 0.0335326 0.0334506 0.462586 0.0246482 0.0202822 0.019481

4215 Mean 1.48089 0.0250454 0.0160176 0.0143026 1.70016 0.0256535 0.0163551 0.0145835
4215 Std. dev. 0.496528 0.0303087 0.0329272 0.0326107 0.463231 0.0245681 0.0202967 0.01978
4216 Mean 3.63771 0.0681596 0.0407281 0.0398545 3.55599 0.068837 0.0431101 0.0396657
4216 Std. dev. 0.819753 0.0566449 0.0502893 0.0567973 0.65509 0.0502564 0.0386974 0.0370993
4217 Mean 3.63515 0.068622 0.0407871 0.0399033 3.55764 0.0692138 0.0433238 0.0399472
4217 Std. dev. 0.831257 0.0582648 0.0501999 0.0563399 0.670685 0.0527542 0.0370411 0.0363281
4218 Mean 3.64044 0.0677887 0.0407821 0.0402036 3.57317 0.0683227 0.0426033 0.0398785
4218 Std. dev. 0.83262 0.056228 0.0501389 0.0561644 0.66561 0.050254 0.037793 0.0357485
4219 Mean 0.710085 0.0104045 0.00812785 0.00620462 0.869877 0.0112189 0.00771444 0.00576387
4219 Std. dev. 0.32482 0.0186583 0.0246295 0.0209736 0.33311 0.0139962 0.0123473 0.0113731
4220 Mean 0.517671 0.00718975 0.00552427 0.00445344 0.641511 0.00761312 0.00494134 0.00441281
4220 Std. dev. 0.258678 0.0132008 0.0201232 0.0155073 0.269794 0.0106226 0.00884873 0.00913749
4221 Mean 0.337647 0.00434062 0.00358766 0.00277494 0.426446 0.0045787 0.00300601 0.00261502
4221 Std. dev. 0.20659 0.0128716 0.0131341 0.011437 0.213989 0.0072601 0.00668756 0.00620275
4222 Mean 0.521032 0.0077144 0.00546658 0.00447612 0.649755 0.00776183 0.00484406 0.0042867
4222 Std. dev. 0.279521 0.0145655 0.020932 0.0164081 0.285119 0.0111528 0.00893593 0.00821292
4223 Mean 3.78568 0.0677544 0.0399391 0.0402727 3.67342 0.0674635 0.0430477 0.040038
4223 Std. dev. 0.868699 0.0573161 0.050791 0.0589461 0.704303 0.0504808 0.0392232 0.0362732

• Deposit Energy



• No signal

Waveforms
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• Full signal • Partial signal



DRC winter workshop 2024
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Hyungjun Lee



2024 TB Set 2 Linearity

Beam energy [GeV]
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σ/
E

1/ E

Run pedestal Event pedestal

Energy resolution



Fit function  
: Expo * gaus (convolution)

peak

FWHM

Run pedestal

σ/
E

1/ E



Backup



Detector type
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2022 KPS Spring Meeting Apr. 20, 20221 Feb. 19, 2024

• e+ beam

• GeV range: 0.5, 0.75, 1, 2, 3, 4, 5

• 1.5mm collimator

• No angle

• No AstroPix

GWNU Winter Workshop

TB2023 Data Analysis
- Energy Scan Set3 -

Guk Cho (Yonsei Univ.)




2022 KPS Spring Meeting Apr. 20, 2022
E1/
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EM Energy Resolution

0.40.60.811.21.4

/NDF : 9.027653/52Χ
 + 0.104525EC : 0.269/

/NDF : 10.788880/52Χ
 + 0.069251ES : 0.166/

/NDF : 42.452847/52Χ
 + 0.094538ESum : 0.137/

EM Energy Resolution
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EM Linearity

Linearity & Energy Resolution: Run Pedestal (i)

2 Feb. 19, 2024

Run 4234

• There is negative IntADC values in Lego-like modules because of 
fluctuation in integral range

Integral range

Calibration Run(4182) for L2 Run 4234 

Integral range



2022 KPS Spring Meeting Apr. 20, 2022

E1/

0

0.1

0.2

0.3

0.4

0.5

0.6/E
σ

EM Energy Resolution

0.40.60.811.21.4

/NDF : 4.848098/52Χ
 + 0.070831EC : 0.230/

/NDF : 13.801746/52Χ
 + 0.063993ES : 0.157/

/NDF : 24.145322/52Χ
 + 0.062651ESum : 0.147/

EM Energy Resolution

Linearity & Energy Resolution: Run Pedestal (ii)

3 Feb. 19, 2024
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EM Linearity

• Negative IntADC value of all module is set to 0 
value


• Linearity and energy resolution is better

Run 4234



2022 KPS Spring Meeting Apr. 20, 2022

E1/

0

0.1

0.2

0.3

0.4
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0.6/E
σ

EM Energy Resolution

0.40.60.811.21.4

/NDF : 37.441524/52Χ
 + -0.003884EC : 0.341/

/NDF : 15.684099/52Χ
 + 0.039044ES : 0.170/

/NDF : 27.948301/52Χ
 + 0.021649ESum : 0.184/

EM Energy Resolution

Linearity & Energy Resolution: Event Pedestal

3 Feb. 19, 2024

• Apply event pedestal
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E1/

0

0.1

0.2

0.3

0.4

0.5

0.6/E
σ

EM Energy Resolution

0.40.60.811.21.4

/NDF : 9.090788/52Χ
 + 0.036299EC : 0.238/

/NDF : 13.290811/52Χ
 + 0.042897ES : 0.165/

/NDF : 4.242306/52Χ
 + 0.037387ESum : 0.152/

EM Energy Resolution

1. Negative 
IntADC value

2. No Negative 
IntADC value

• (Negative value 

is set to 0)

• This is the best result



TB2023 W.W.

Seoyun Jang

2024 .02 .18
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4GeV positron, reconstructed energy
Energy Resolution Set 3,4

- Compared energy resolution set3, 4, which the only difference is rotation.

- All runs are taken at 1.5mm collimator (±0.7% momentum spread), 3D module center.

Set3 | e+ 4 GeV | No Rotation | Scint

Set3 | e+ 4 GeV | No Rotation | Ceren

Set4 | e+ 4 GeV | (1.5°, 1.0°) | Scint

Set4 | e+ 4 GeV | (1.5°, 1.0°) | Ceren



3

Lego-Like module issue
Energy Resolution Set 3,4

- L2 module, which we used different PMT type, gives strange-unphysical shape.

- This result effects linearity and resolution of total summed data.

- So also compared results between w/, w/o Lego-Like module signals.

Run 4235 L2 Cerenkov (e+ 4GeV) (No rotation)

Run 4235 L1 Cerenkov (e+ 4GeV) (No rotation)
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e+ Energy Linearity
Energy Resolution Set 3,4

Set3 | No Rotation | w/ Lego-Like Set4 | (1.5°, 1.0°) | w/ Lego-Like

Set3 | No Rotation | w/o Lego-Like Set4 | (1.5°, 1.0°) | w/o Lego-Like



e+ Energy Resolution
Energy Resolution Set 3,4

Set3 | No Rotation | w/ Lego-Like Set4 | (1.5°, 1.0°) | w/ Lego-Like

5

Set3 | No Rotation | w/o Lego-Like Set4 | (1.5°, 1.0°) | w/o Lego-Like



e+ Energy Resolution
Energy Resolution Set 3,4

Set3 | No Rotation | w/ Lego-Like Set4 | (1.5°, 1.0°) | w/ Lego-Like

Set3 | No Rotation | w/o Lego-Like Set4 | (1.5°, 1.0°) | w/o Lego-Like

6



Backup



e+ Energy Resolution w/o 0.5 GeV point
Energy Resolution Set 3,4

Set3 | No Rotation | w/ Lego-Like Set4 | (1.5°, 1.0°) | w/ Lego-Like

Set3 | No Rotation | w/o Lego-Like Set4 | (1.5°, 1.0°) | w/o Lego-Like
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e+ Energy Resolution w/o 0.5 GeV point
Energy Resolution Set 3,4

Set3 | No Rotation | w/ Lego-Like Set4 | (1.5°, 1.0°) | w/ Lego-Like

Set3 | No Rotation | w/o Lego-Like Set4 | (1.5°, 1.0°) | w/o Lego-Like
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e+ Energy Resolution w/o under 0.75 GeV point
Energy Resolution Set 3,4

Set3 | No Rotation | w/ Lego-Like Set4 | (1.5°, 1.0°) | w/ Lego-Like

Set3 | No Rotation | w/o Lego-Like Set4 | (1.5°, 1.0°) | w/o Lego-Like
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e+ Energy Resolution w/o under 0.75 GeV point
Energy Resolution Set 3,4

Set3 | No Rotation | w/ Lego-Like Set4 | (1.5°, 1.0°) | w/ Lego-Like

Set3 | No Rotation | w/o Lego-Like Set4 | (1.5°, 1.0°) | w/o Lego-Like

11



2024. 02. 19.
Dongwoon Kim

2024-02-19 1

Report of 2024_GWNU workshop



Report of GWNU workshop

For Calculate the Linearity & Energy resolution (0.75 ~ 5GeV 6-point), used below setup information.

2

2024-02-19

Energy scan set-5 (setup-3)
Run Wave Trigger Collimator Rotation (deg) Tilt (deg) Particle Energy (GeV) Beam Target Detail

4504 1048

Using Trigger-1, 
Trigger-2, Trigge

r-3

1.5 mm (± 0.7% 
momentum spr

ead)
x x e+

4

3D energy scan wit
h setup-3

4505 4043 4
4506 5030 5
4507 5013 3
4508 5001 2
4509 5002 1
4510 2733 0.75



Report of GWNU workshop
3

2024-02-19

check waveform Check average time structure & set integral range

Convert Integrated ADC to Energy using Equalization const  -> Calibration used 4GeV rub   



Report of GWNU workshop
4

2024-02-19

Used 
Run Pedestal

Used 
event Pedestal



Yunjae Lee 

UoS

TB2023 analysis workshop @ GWNU  
19 Feb 2024 1

Energy resolution & linearity study 
with TB 2023 data



Energy scan study

2



Energy scan study

3



Sungwon Kim 

Yonsei university

TB2023 analysis workshop @ GWNU  
19 Feb 2024 1

Energy resolution & linearity study 
with TB 2023 data



Sungwon Kim

Energy scan study

2

Conditions of each set 
• Set 1 : Wide collimator (±2% momentum spread)

• Set 2 : Wide collimator + AstroPix

• Set 3 : Narrow collimator (±0.7%)

• Set 4 : Narrow collimator + Module rotation & tilting

• Set 5 : Narrow collimator + Swap MCP-PMTs + Add shielding + 

Add black paint

Analysis procedure 
• Determine integral range using Avg. time structure

• Calculate equalization constants 




• Calculate & draw energy linearity & resolution plots

(Equ . const =
4 GeV × Edep( % )

IntADC
)

Additional tests 
• Tested both run-by-run & event-by-event pedestal

• Tested removing negative energy contribution 
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Energy scan results set-1

• Set 1 : Wide collimator (±2% momentum 
spread)


• Both results using RunPed & EvtPed

• Results w/ negative-energy events


• RunPed 
• ±6%, ±15%, ±7%

• 33.4  3.5,  68.8  2.9, 40.5  6.5


• EvtPed 
• ±8%, ±1.5%, ±5%

• 15.8  4.4,  35.2  -1, 18.7  2.3

⊕ ⊕ ⊕

⊕ ⊕ ⊕
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Sungwon Kim

Energy scan results set-1

• Set 1 : Wide collimator (±2% momentum 
spread)


• Both results using RunPed & EvtPed

• Results w/o negative-energy events


• RunPed 
• ±8.5%, ±3%, ±5%

• 21.8  5.6,  29.9  6.3, 18.1  7.8


• EvtPed 
• ±12.5%, ±5%, ±10%

• 14.5  5,  22.6  4.1, 13.6  4.6

⊕ ⊕ ⊕

⊕ ⊕ ⊕
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Energy scan results set-2

• Set 2 : Wide collimator + AstroPix 

• Both results using RunPed & EvtPed

• Results w/o negative-energy events


• RunPed 
• ±8%, ±3%, ±5%

• 26.9  3.2,  27.6  7.4, 18  7.8


• EvtPed 
• ±11.5%, ±5.5%, ±10%

• 14.6  5,  22.2  4.2, 13.4  4.6

⊕ ⊕ ⊕

⊕ ⊕ ⊕
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Energy scan results set-3

• Set 3 : Narrow collimator (±0.7%)

• Both results using RunPed & EvtPed

• Results w/o negative-energy events


• RunPed 
• ±3.5%, ±4%, ±3%

• 15.7  6.5,  23.3  6.7, 14.6  6.2


• EvtPed 
• ±4%, ±1%, ±5%

• 16.6  4.3,  23.9  3.7, 14.8  4

⊕ ⊕ ⊕

⊕ ⊕ ⊕
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Energy scan results set-4

• Set 4 : Narrow collimator + Module rotation 
& tilting


• Both results using RunPed & EvtPed

• Results w/o negative-energy events


• RunPed 
• ±3.5%, ±2.5%, ±3.5%

• 15.1  4.4,  25.1  3.9, 14.7  4.2


• EvtPed 
• ±4%, ±3.5%, ±5%

• 14.6  3,  26.1  0.6, 14.9  2

⊕ ⊕ ⊕

⊕ ⊕ ⊕

7



Sungwon Kim

Energy scan results set-5

• Set 5 : Narrow collimator + Swap MCP-
PMTs + Add shielding + Add black paint


• Both results using RunPed & EvtPed

• Results w/o negative-energy events


• RunPed 
• ±1.5%, ±3%, ±1.5%

• 16.9  3.2,  26.4  3.7, 14.2  4.8


• EvtPed 
• ±2%, ±4%, ±2.5%

• 18.1  1.5,  27.9  0.7, 16.4  1.9

⊕ ⊕ ⊕

⊕ ⊕ ⊕
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Backup
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Energy scan results set-1

• Results w/ negative-energy events, RunPed 10
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Energy scan results set-1

• Results w/o negative-energy events, RunPed 11
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Energy scan results set-1

• Results w/o negative-energy events, EvtPed 12
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Energy scan results set-4

• Results w/o negative-energy events, RunPed 13
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Energy scan results set-4

• Results w/o negative-energy events, EvtPed 14
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Calibration for single channels of MCP

●  Data and Method

2

▪ Data 

• 4 GeV e- run for a calibration. 

• 10k evts before cut →  7k evts after cut 

• Used PeakADC due to the difficulty in selecting an 

integration range.

Waveform of single channel

PeakADC of single channelIntADC of single channel
▪ Calibration Method 

• Since each cell has a different response and optical 

contact each other, we should calibrate them 

accordingly.  

• As we don’t have a data positioning a beam to all 

cells, we need to find proper method.



●  Sum vs. Single channel

▪ Compared a sum channel and a sum of 

single channels. 

▪ The sum of single channels are ~8 times 

bigger than the sum channel.

Sum of single channelsSum channel

Sum Sum of singles

Scint 1,397 10,758

Ceren 1,227 10,259

[PeakADC]
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Calibration for single channels of MCP



●  Calibration with single value

▪ About 2.95 GeV is deposited on 3D printing module when having 4 GeV. (73.66 %) 

▪ There are two cases for getting a single calibration constant. 

• Case 1 - Calibration constant from the sum channel 

• Case 2 - Calibration constant from the sum of the single channels 

▪ After getting a constant from these, product a constant and each single channels, and then sum them.

C

4

Cal.Const 
from Sum

Cal.Const 
from singles

Cal.Const 0.0021091 0.00027388

Sum of singles 22.69 GeV 2.947 GeV

Case 1 Case 2

Calibration for single channels of MCP
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TB2023 - Uniformity study
Kyuyeong Hwang

GWNU TB2023 Workshop



1. 3D-Printing module with beam inclination (rot, tilt) = (1.5˚, 1.0˚)

Uniformity study
2
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2. 3D-Printing module without beam inclination

Uniformity study
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3. From center of 3D printing module to H1 SFHS module
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Uniformity study
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Integration range and calibration constant
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