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Beam test

• 2022 October, 2 weeks in SPS H8,25 

million events were collected 

• 2023 April and May, 2 weeks in SPS 

H2 and PS T9 respectively, 40 million 

events were collected

• Electronic calibration data

• Muon scanning

• 𝜋±:1-120GeV,𝑒±: 0.5 − 250GeV
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2023 PS T9 2023 SPS H2

2022 SPS H8



Selection and PID

• The 2022 SPS H8 beam data is of bad purity

• The 2023 SPS H2 beam data is much better

5
Energy deposition of 40 GeV pion beam:2022 and 2023
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Pedestal

• Pedestal calibration file: generated by a 

forced external trigger

• The pedestal of each channel is analyzed

7

Pedestal distribution of a single channel Fitting result of all channels



Pedestal

• The difference between pedestal of 2022 

and 2023 is small
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Gain ratio

• The gain ratio of the high/low gain is calibrated 

from pion beam data

• The saturation point of the high gain is fitted as a 

parameter of the fitting function

9
Calibration result of 2023Calibration result of 2022



Gain ratio

• Each channel is fitted and the parameter is 

stored
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Calibration result of 2023Calibration result of 2022



Gain ratio

• The result of 2022 and 2023 has small 

differences, this parameter is stable
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Difference on the gain ratio slope:2023-2022



MIP Calibration

• Combined muon data

– Different energy:100,108 and 160GeV

– Different position

– Different configuration

• ECAL+HCAL and HCAL alone

• Auto gain and normal gain
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MIP Calibration 

• Statistics overview
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Hit map 2022 

and 2023

Channel counts 

in log scale



MIP Calibration

• Selection criteria

– Shower rejection

• Max hits in a single layer <5

– Position Selection

• Select hits in the area with most hits
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The area 

with most 

hits

MIP Spectrum before and after Selection



MIP Calibration

• The landau-gauss function is studied

– The peak value is not only determined by the MPV 

but also determined by the 𝜎𝑔𝑎𝑢𝑠𝑠 

– The MPV describes the energy deposit of the MIP 

while the 𝜎𝑔𝑎𝑢𝑠𝑠 describes the detector effect
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Convolution of landau and gauss at different  



MIP Calibration

• The fitting is first done for each chip, then 

each channel is fitted

• All chips have good fitting for 2023 data
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MIP Spectrum Fitting: chip and channel



MIP Calibration

• Good channels will be tagged as 1

• Some channels fail the fitting

– Bad chip: tagged as -1

– Inadequate statistics: tagged as -2

– Bad fitting: tagged as -3

17Inadequate statistics bad fitting: small MPV



MIP Calibration
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fitting result 2023:MPV and fitting tags

fitting result 2022:MPV and fitting tags
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Selection and PID

• The 2023 SPS H2 data 

– The beam is contaminated by 𝜇− and e−, especially 

for the beam of which the energy less than 30GeV

– PID cut on the data is necessary to get a pure pion 

sample 

20FD vs Hit Emean: 10,40 and 80GeV
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Selection and PID

• Total hit number cut

– This cut is determined to the 𝜋− and e− MC

– This cut can reject the μ− or non-shower events

– e− events are also cut by the selection

21Hit No vs Hit E mean at 10GeV

𝜋− data

𝛍−

𝒆−

𝝅−

𝜋− MC e− MC



Selection and PID

• Total hit number cut

– The distribution of the hit number and hit E mean is highly 

correlated to the particle energy

– The hit number cut varies with the  particle energy respectively

22Hit No vs Hit E mean at 80GeV
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Selection and PID

• The purity after the hit number cut

– Purity for data <30 GeV is still poor after the hit number cut 

– FD and Hit E mean cut is applied to data with energy < 30GeV

– FD and Hit E mean cut isn’t apply to the MC because of the 

disagreement between MC and Data on the FD

23
FD vs Hit E mean data : 10,40 and 80GeV



Selection and PID

• Selection efficiency for PID cut

– About 90% of 𝜋− MC events could pass the PID

– Less than 1% of 𝑒− MC events could pass the PID 

– The PID cut could efficiently select 𝜋− candidate from 

beam data while rejecting the μ− ,non-shower and 𝑒−

events
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Pion candidate/all events: 𝜋− 𝑑𝑎𝑡𝑎, 𝜋− 𝑀𝐶 𝑎𝑛𝑑 𝑒− 𝑀𝐶



Selection and PID

– The shower start layer is defined as the first  layer with more than 4 hits

– Accumulative shower possibility is calculated according to the shower start layer

– About 10 layers equals an nuclear interaction length

– Start Layer cut: start layer < 5(~0.5𝜆)
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Start layer selection efficiency: 𝜋− 𝑑𝑎𝑡𝑎 and 𝜋− 𝑀𝐶



Selection and PID

• The data performance of selection
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Data before selection:10 and 80 GeV

Data after selection:10 and 80 GeV



Selection and PID

• The MC performance of selection
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MC before selection:10 and 80 GeV

MC after selection:10 and 80 GeV



Linearity and energy resolution

• Crystal ball function is used for fitting

28Energy deposition: 10,20,60,80GeV



Linearity and energy resolution

• The energy linearity is about ±1.5%

• The energy resolution is 
57.6%

𝐸
⨁2.3%

29
Energy linearity and resolution
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Summary

• Summary

– 3 beam tests have been done, 𝜋± of 1-120GeV and 

𝑒± of 0.5-250GeV have been collected, muon 

scanning and electronic calibration was also done 

during the test

– Calibration has been done for pedestal, gain ratio and 

MIP response

– The HCAL prototype reaches a energy linearity about 

± 1.5% and a energy resolution of 
57.6%

𝐸
⨁2.3% for 

hadron
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Back up
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High rms channels: 

observed in both beam and 

electronic calibration files
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abnormal large rmsrms of each channel in layer 7 
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extra small peak multiple peaks

• Multi peaks
• Extra small peak at 440 ADC
• multiple peaks



all entry 
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spill

entry that 40004 has signal entry that 40004 has signal

and signal > 420

all entry

• Event time dependence
• The extra small peaks are mainly in the beginning of each spill



Extra small peak --good 

correction

all entry remove the first entry of  every chip of every spill 
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Extra small peak --bad 

correction

all entry remove the first entry of  every chip of every spill 

37



This correction doesn’t work 

for the multi peaks situation

• Multi peak is introduced by the cross talk 

between channels

all entry remove the first entry of  every chip of every spill 
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Event time dependence

multiple peaks is independent of time
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hitTag=0 hitTag=1 vs. hitTag=0
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• Channel correlation
• Pion data
• The multi peak phenomena has channel correlation



Gain ratio

• Some channels have abnormal performance

• Abnormal channel is recorded and a typical value of gain 

ratio and platform is set as the parameter of this channel
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Channel selection

• Selection Criteria

– Entries>700

– 𝜒2/𝑁𝐷𝐹 < 20

– 200<MPV<400 || |𝑀𝑃𝑉𝑐ℎ𝑎𝑛𝑛𝑒𝑙 −𝑀𝑃𝑉𝑐ℎ𝑖𝑝|<80

– 20<Landau Width<100

– 10<Gauss Sigma<150

• Channels fail the selection will use chip MPV

• Tag: 1 for normal; -1 for abnormal chips; -2 for inadequate statistics; 

-3 for abnormal fitting
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MPV 𝑇𝑎𝑔



Selection and PID

• HCAL alone pi- data taken in 2023 SPS is used 

to see the basic performance of HCAL

• Pi- energy from 10 to 80 GeV is analyzed

• Pi- MC is also generated for analysis 

43event display: 10GeV and 80 GeV pi-
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Selection and PID

• A potential bias will be introduced to the 

data with the PID selection

45

10GeV pion Data
80GeV pion Data

10GeV MC 80GeV MC



Selection and PID

• A potential bias will be introduced to the 

data with the PID selection
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10GeV pion Data
80GeV pion Data

10GeV MC 80GeV MC



H->gg events

• Neutral Hadron mainly 

consists of Klong,neutron

• The single neutral Hadron 

energy < 100GeV

• HCAL should have good 

response to 0.5MIP-60GeV 

Hadron
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Start layer

48
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Calibration V2

• Tight cut is applied to calibrated pion V2 

data

• The resolution is obviously better
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Selection and PID

• Leakage cut is applied to pion data and MC

– Start layer

• The first layer with more than 4hits is defined as the shower start layer

• The start layer<5

– Hit no

• Different hit no cut is applied for different energy point

51

Hit No vs Hit E mean: 10GeV data and MC



CALICE efficiency
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CALICE AHCAL
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Linearity and energy resolution

• Leakage cut has no visible influence on the linearity

54



Linearity and energy resolution

• The cut still introduces bias to the MC and makes the 

resolution better, but it doesn’t have obvious impact on 

the linearity

• There is still obvious difference between Data and MC

55Energy linearity and resolution



Pedestal

• Not so many force-trigger mode pedestal 

files from SPS

• Pedestal monitor

SPS PS SPS PS

low-gain

pedestal
high-gain pedestal

SPS PS

temperatue

As for SPS and PS data, it shows pedestal stable respectively within 2 ADC fluctuation.

However, when combined together, large fluctuation from 0 to 8 ADC.
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High-low gain ratio

• 20GeV - 100GeV electron test beam files 

with normal-gain mode at SPS

• Some channels may have quite strange 

signal
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High-low gain ratio

Statistics of each channel

(Dead channels +  inadequent statistics channels) ~ 4 channels per layer
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MIP 

• Use SPS 100GeV/C muon- position scan 

data with auto gain mode(select threshold: 

350)

• Almost all channels from odd layers could 

be calibrated with adequate muon data. 

But for even layers, less than 500 hits for 

channels at bottom side.
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Energy Reconstruction

• New parameters

– Pedestal:/mnt2/USTC/jxwang/ScECAL/CEPC2023/SiWECAL_analysis_2023/share/pedestal_2023_v1.root

– HLratio:/mnt2/USTC/jxwang/ScECAL/CEPC2023/SiWECAL_analysis_2023/share/all_hl_electron2023_v1.root

– MIP:/mnt2/USTC/jxwang/ScECAL/CEPC2023/SiWECAL_analysis_2023/share/all_auto_muon_v2_2023.root

• Little improvement on energy resolution 

when using new parameters

40 GeV 100 GeV 

former parameters 

new parameters 

100 GeV 

40 GeV 
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Energy reconstruciton with 

different switch threshold

x_max-200

x_max-1000

x_max-600

x_max

switch threshold

Simulation
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Tight cut

• Different cuts will have an obvious influence on 

the performance

• The selection is not only PID, but also select the 

hadronic dominant showers in the pion beam
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Calibration V2

• Pedestal

– Calibrated from DAC data

– The multi-peaks disappear

– Only high gain have some channels with high 

rms

• Gain

– Calibrated from pion data instead of muon

– V2.1: high gain is forbidden to test the 

reliability of high low gain switch point   
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Calibration V2

• Tight cut is applied to calibrated pion V2 

data

• The resolution is obviously better
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