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Review
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Beam Test on 2025 Feb.

2025/06/11 ZDC ECAL Test Beam Analysis

50-800 MeV 

positron beam

Beam monitor

LYSO + APD PbWO4+SiPM

50-800MeV positron beam

Detector Crystal Sensor One crystal Length Array Note

ZDC ECal 2nd

LYSO + APD

LYSO

Taiwan
APD

C30739ECERH
1cm*1cm 6.6cm (6X0) 8x8

Crystal size is half 

Moliere radius

ZDC ECal 2nd

PbWO4 + SiPM

PbWO4

Czech
SiPM

MICROFC-60035
2cm*2cm 5.3cm (6X0) 6x6

Two sensors for 

one crystal

Beam Monitor
Plastic

Scintillator
SiPM

MICROFC-10010
2mm*2mm 8cm 

32ch in X

32ch in Y
Two sets

4 planes : 2X & 2Y
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LYSO + APD

2025/06/11 ZDC ECAL Test Beam Analysis

Gain Calibration

Fit of central channel

E5x5 : 405V, 706MeVEnergy resolution (E5x5)

• Gain calibration is performed with 5*5 crystals.

• Preliminary results gave energy resolution for 

“LYSO + APD”~40% with 706MeV beam.

5x5 clustering (~5cm*5cm) 
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PbWO4 + SiPM

2025/06/11 ZDC ECAL Test Beam Analysis

706MeV beamEnergy resolution (E3x3)

3x3 clustering (~6cm*6cm)

Emax after calibration

Fit of central channel

• Gain calibration is performed with 5*5 crystals.

• Preliminary results gave energy resolution for 

“PbWO4 + SiPM”~14% with 706MeV beam.
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Apply Beam Selection
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Beam Angle

2025/06/11

BM2 BM1 ZDCe+ θ

extrapolation

• Spherical coordinate : XY-surface 

is defined as the BM surface.

• theta = 0 degree = perpendicular 

to the surface of BM/ZDC.

• Only ~ 10% beam shoots straightly. 

- 40% beam < 2 degree

- 80% beam < 4 degree

- 90% beam < 6 degree

(More studies later)
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Energy resolution after Beam Selection  

LYSO + APD

2025/06/11 ZDC ECAL Test Beam Analysis

197 MeV, E5x5

(central ch)

197 MeV, E5x5 (Norm)

706 MeV, E5x5 706 MeV, E5x5 (Norm)

No obvious improvement 

after cuts/selections.
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Energy resolution after Beam Selection 

PbWO4 + SiPM

2025/06/11 ZDC ECAL Test Beam Analysis

197 MeV, E5x5

(central ch)

197 MeV, E5x5 (Norm)

706 MeV, E5x5 706 MeV, E5x5 (Norm)

No obvious improvement 

after cuts/selections.
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More Studies on Beam Angle
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MC Simulation of Beam Profile

2025/06/11

Pencil beam

Shoot ZDC center

47MeV 

When entering BM

47MeV

When left BM

395MeV 

When entering BM

395MeV

When left BM

ZDC ECAL Test Beam Analysis

Wider spread for beam with smaller energy.
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Beam Angle : Compare MC and Data

The beam angle is quite small MC. What we see from data should not be caused 

by the BM or the material in front of ZDC.
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MC MCData
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Calculation 

2025/06/11 ZDC ECAL Test Beam Analysis

13.6𝑀𝑒𝑉

𝛽𝑝
𝑍

𝑥

𝑋0
(1 + 0.038 ln

𝑥

𝑋0
)

Molière scattering formula : It describes 

the root-mean-square (RMS) angular 

deflection due to multiple Coulomb 

scattering of a charged particle traversing 

a material.
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Compare Data, MC, and Calculation

2025/06/11 ZDC ECAL Test Beam Analysis

• Beam angle is larger in data compare to MC and calculation.

• Between MC and calculation, larger inconsistency for low energy beam less than 400MeV.

• We currently have no conclusion why we are seeing large beam angle in data.

• Data

• Calculation

• MC
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More Studies on Gain Calibration
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New Fitting Function

2025/06/11 ZDC ECAL Test Beam Analysis

LYSO + APD, 

HV=395V, 

Beam = 796 MeV

• Fit ADC distribution 

- Old method : Double-side crystal ball (ExpL*Gaus*ExpR). Sometimes hard to fit when 

the distributions are very asymmetric. 

- New method : gaus* gaus_CDF. The asymmetric distribution on the left-hand side is 

caused by the threshold cut of electronics. Fitting quality is better.

𝒈𝒂𝒖𝒔_𝑪𝑫𝑭 𝒙; 𝝁, 𝝈 =
𝟏

𝟐𝝅𝝈
න
−∞

𝒙

𝒆
−

𝒕−𝝁
𝝈

𝟐
/𝟐
𝒅𝒙

Gain calibration 

of 5*5 crystal
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ADC to Energy Mapping

2025/06/11 ZDC ECAL Test Beam Analysis

MC : Emax VS Ebeam Data : ADCmax VS Ebeam MC VS Data

• Example of LYSO + APD@ HV = 395V

• How to find ADC to energy mapping?

- Data : ADCmax to Ebeam relation ➔Eq#1

- MC : Emax to Ebeam relation ➔Eq#2

- From Eq#1 and Eq#2 ➔Emax and ADCmax

relation (Under the assumption that data and 

MC are consistent in terms of the energy 

linearity.)
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ZDC ECAL Test Beam Analysis

APD + LYSO
Old fitting method (w/o energy to ADC mapping)

New fitting method (w/ energy to ADC mapping)

98 MeV

HV = 405V 

197 MeV 395 MeV 706 MeV

98 MeV 197 MeV 395 MeV 706 MeV

-20% -5% -3% -3%

With the new gain calibration method, energy resolution improves, especially for low energy. 
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Summary and To Do

2025/06/11 ZDC ECAL Test Beam Analysis

• We are working on improving the data analysis:

- Beam cut: not effective, still under investigation; unclear why 

the beam angle in data is so large.

- Gain calibration method: improved the energy resolution.

- Next step: practice linear energy regression with MC sample 

and apply to data.
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Back up
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Molière scattering formula 

ZDC ECAL Test Beam Analysis

It describes the root-mean-square (RMS) angular deflection due to 

multiple Coulomb scattering of a charged particle traversing a material.

PDG
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Gaussian-CDF(Cumulative Distribution Function)

• Definition of f(x) CDF:
– CDF x = ∞−

𝑥
𝑓 𝑡 𝑑𝑡

• CDF of Gaussian:

– 𝐺𝑎𝑢𝑠𝑠𝑖𝑎𝑛 𝐶𝐷𝐹 𝑥; 𝜇, 𝜎 =
1

2𝜋𝜎
∞−
𝑥

𝑒
−

𝑡−𝜇

𝜎

2
/2
𝑑𝑥 , 𝜇 = 𝑚𝑒𝑎𝑛, 𝜎 = 𝑆. 𝐷.
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Varify Data and MC consistency

Emax, E3*3, E5*5
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ZDC ECAL Test Beam Analysis

PS: Eq. ADC of Gen-2 @ 395V is 1ADC/MeV

HV = 395V, APD + LYSO
Old fitting method (w/o energy to ADC mapping)

Energy VS count

New fitting method (w/ energy to ADC mapping)

ADC VS count

Energy resolution improves around 3%.
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