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π0 → γγ at 5GeV
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Maybe time information can be used to 
deal with the ambiguity

Energy Only
VS
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Simplified Digitization of Time
σt=σintrinsic⊕σPMT⊕σelectronics
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Idea on reconstruction of di-photon event
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With Peaking Cut=50MeV

Truth energy distribution  
on two longitudinal planes

Share energy according to the number and energy of seeds to get sub-clusters.  
Connect sub-clusters layer by layer to get information of shower, Energy & 

Position, in two longitudinal dimensions.

Note: current reconstruction only use truth energy and digitized time in order to evaluate the effect of 
time performance. Digitized energy will be considered next.

Find peak layer by layer; 
local maximum of energy deposition; 

seed crystal.

Position of shower core can also be calculated by 
the time information of seed crystals. 

Combine these two positions, one based on energy 
while the other based on time, to match showers in 
two dimensions to get a complete particle shower. 5
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Longitudinal layer with max E  6
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Maybe critical distance

at different distances
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Improvement of time resolution don’t improve the separation power?! 
→ need further check of the time digitization?

Position reconstructed by time
varying the time resolution artificially
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Reconstruction efficiency
Reconstruction considering both energy and time 
Reconstruction Efficiency (Preliminary results)

Far distances are expected to achieve 100% 
reconstructed successfully. 
Optimization of the algorithm to connect sub-
clusters into complete shower is needed.

Position matching

Energy sharing
 1/3ESum < Ephoton1 < 2/3ESum 


&&

1/3ESum < Ephoton2 < 2/3ESum  9
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Preliminary Study of di-photon separation

Critical separation distance (with 
the help of energy info.): 
~ 3cm (~4cm along the diagonal), 
mainly limited by RM. 

Separation power is not so 
sensitive to time resolution. 
(Only preliminary results of current 
simple digitization, need to check and 
understand further…)

Vary the time resolution artificially: 
• Maintain the dependence on hit 

position, change the slope to get 
worst time resolution of single 
end from 10ps to 500ps.
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Backup

 11



1GeV γ + 2.5GeV γ
Shower shape in ECAL
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1GeV γ + 3GeV π+
Shower shape in ECAL
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1GeV γ + 6GeV K+
Shower shape in ECAL
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1GeV γ + 6GeV K+
Shower shape in ECAL
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Simulated Hits (yellow cells) Digitized Long Bar Hits 
(Edep > 1 MIP)

Reconstructed positions using 
time difference of 2 ends

MIP energy = 8.77MeV for 1cm thick BGO

Reconstruction: pattern study using Event Display

2 parallel 5GeV γ  
distance ~20cm along the diagonal  
→ can be separated.

 17



2 parallel 5GeV γ, hit the same bar, 20cm away 
• If one crystal bar has >1 particles with Edep > 1MIP, position 

reconstructed will be biased. 
• Ambiguity can be removed by longitudinal position and energy 

Reconstruction: pattern study using Event Display
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MIP energy = 8.77MeV for 1cm thick BGO

Simulated Hits (yellow cells) Digitized Long Bar Hits 
(Edep > 1 MIP)

Reconstructed positions using 
time difference of 2 ends

ghost ambiguity
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Pattern study using Event Display
Jet event, with increasing multiplicity and combinations

Colors: γ, π+, π-, K-

Red: high Edep → purple: low Edep

3.Reconstructed hits  
with Edep info.

2.Reconstructed hits by time1.Simulated hits

4.Reconstructed hits 
with Edep > 4 MIPs

Some patterns occur… 
But still complex,  need further study 
on positioning and energy sharing.
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两种时间数字化⽅案的对⽐
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两种数字化⽅案： 
1. 经过smear之后得到的时间谱的最快时间 
2. 对能量沉积最⼤的那⼀个step的时间做smear 

待评估的物理量： 
双光⼦事例，仅通过时间信息重建出来两个光⼦的
位置分辨随时间分辨的变化

 21
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经过smear之后得到的时间谱的最快时间

时间分辨在300ps以下，对位置分辨基本没有影响，不太让⼈理解
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对能量沉积最⼤的那⼀个step的时间做smear

可以看到对时间分辨的明显依赖 
但对于⼀根晶体上有多粒⼦击中的情况，这种
数字化⽅式似乎又不是那么符合物理过程？ 23



三种“时间数字化”⽅法的对⽐
三种时间数字化⽅案： 
1. 将⼀根晶体条上每⼀个⼩cell的时间都根据其位置得到经过相应时间
分辨smear之后到达两端的时间，再针对每⼀端选出最快的时间； 

2. 先挑出能量沉积最⼤的⼀个⼩cell，只⽤这⼀个cell的时间和位置来
做数字化。 

⽤来对⽐的物理量： 
每根晶体条通过两端时间差反解出来的位置 

事例：5GeV 双光⼦事例 
（在⼀个维度上打在⼀根晶体上）

 24



时间数字化
⽅法1：将⼀根晶体条上每⼀个⼩cell的时间都根据其位置得到经过相应时间
分辨smear之后到达两端的时间，再针对每⼀端选出最快的时间。

 25



⽅法2：先挑出能量沉积最⼤的⼀个⼩cell，只⽤这⼀个cell的时间和位置来做
数字化。

时间数字化

 26
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Reconstruction of 10GeV πº
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Cluster splitting
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