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MOTIVATION
BMR: boson mass resolution, for W/Z/H separation 

In CDR, BMR achieved 3.8% for baseline detector 

Requirement in Higgs Physics: 4% BMR
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Motivation Performance Analysis Discussion
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Find more info in Oliver Fisher’s talk at CEPCWS2021

Motivation Performance Analysis Discussion

For NP or Flavor: better is better

https://indico.ihep.ac.cn/event/14938/session/22/contribution/203/material/slides/0.pdf


WHERE TO IMPROVE
BMR variations predicted by Fast simulation 

BMR can improve 10% if HCal resolution improves 2 times
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Yuexin
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BMR=3.7%



WHY SCINTILLATING GLASS?
Potentials: Geant4 simulation 
with single hadrons 
(preliminary results)  

Better hadronic energy 
resolution in low energy 
region <30GeV 

Baseline:  

ECAL + HCAL  

need modeling & further 
validation…

60 % E ⊕ 6.3 %
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by Dejing
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HCal resolution 
improvement:    
> a factor of 2



SCINTILLATING GLASS HCAL
Pros: cost effective, moderate light yield, tunable compositions  

Cons: quality/uniformity, radiation hardness 

Transparent options: 

Glass I:  

42𝑆𝑖𝑂2-5𝐴𝑙2𝑂3-22𝐵𝑎𝐹2-9𝑁𝑎𝐹-3𝐶𝑎𝐹2-3𝐺𝑑2𝑂3-9𝐺𝑑𝐹3-7𝑇𝑏𝐹3 

density=4.2g/cm3 

Glass II:  

25𝑆𝑖𝑂2 − 30𝐵2𝑂3 − 10𝐴𝑙2𝑂3 − 34𝐺𝑑2𝑂3: 1𝐶𝑒+ 

density = 4.94 g/cm3 

40mm*40mm*40mm cube, 30 layers (Total thickness 1.2m, volume ~ 
180m3, 3M channels)
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Main option in this talk



HOW GOOD WE GET
The BMR with homogenous glass hcal ~ 3.5%:  10% improvement w.r.t. 

Baseline (3.8%), through Baseline Arbor with hit energy threshold cut and 

calibration tuning
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HIT PROFILE COMPARISON

Baseline Glass (yellow:simu; green:digi)

10GeV KaonL
~100 hit

simu ~1500 hit

digi ~300 hit

Challenge for PFA: hit number 1 order of magnitude higher, difficult for 
clustering & pattern recognition  

To reduce the hit number: Digi threshold: 2.3MeV (~0.1Mip, tuned using BMR)
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BaselineHIT PROFILE COMPARISON

Glass (yellow:simu; purple:digi)



VARIATION

BMR at different 

• Thickness & cell geometry - readout channels  

• Glass density 

• Physics list



TOTAL THICKNESS DEPENDENCE
Layer number changed while thickness of each layer 
unchanged
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N Layer Channel N RadL BMR(%)

40 4.6M 5.8λ 3.4

30 3M 4.4λ 3.5

20 1.6M 2.9λ 3.7

10 0.7M 1.5λ 6.3



CELL SIZE DEPENDENCE
Transverse cell size scanning: use 1mm*1mm cell to merge 
larger cells 

Algorithm development needed (for small sizes)
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ALTERNATIVE OPTION

 no significant dependency
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thickness(mm) density(g/m3) N Layer BMR(%)

23 4.2 40 3.4

40 4.9 40 3.4

Tools ready  
more options can be tested!

42𝑆𝑖𝑂2-5𝐴𝑙2𝑂3-22𝐵𝑎𝐹2-9𝑁𝑎𝐹-3𝐶𝑎𝐹2-3𝐺𝑑2𝑂3-9𝐺𝑑𝐹3-7𝑇𝑏𝐹3



READOUT DEPENDANCE
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PCB 
Thickness(mm)

Cu Thickness(mm) Layer BMR(%)
0.1 0.1 40 3.4
2 0.1 40 3.4
2 2 40 3.6



PROSPECT
Reconstruction parameter can be optimized 

A strategy applied in crystal ECAL:  

use energetic hits for cluster building, all hits are 
collected in the last step  

take advantage of both high granularity and good 
energy resolution 

Significant difference between EM/Had response are 
observed, software compensation is under considering
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AIM: BMR ~ 3.0%



HIT & CLUSTERING 
Digi threshold: 2.3MeV (~0.1Mip) 

Hit collection efficiency ~ 20% 

Energy collection efficiency ~ 90% 

PFO resolution for 10GeV kaon can improve 8% if all hits energy are used 

with similar strategy used in crystal Ecal, i.e., hit absorption after clustering
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HIT PROFILE
Current Threshold: 2.3MeV (~0.1Mip) 

Time threshold can be also applied to improve 

Hit collection efficiency: 13% 

Energy collection efficiency: 85%
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FTFP_BERT



PHYSICS LIST
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QBBC QGSP_BIC
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Motivation Performance Analysis Discussion
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Progressing
Motivation Performance Analysis Discussion



Motivation Performance Analysis Discussion

HIT NUMBER CONTRIBUTION
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Simu Digi
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Motivation Performance Analysis Discussion

ENERGY CONTRIBUTION
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Simu Digi



CLUSTER TIME ANALYSIS
Detector Time Response: smear the truth hits time with a Gaussian distribution (resolution depend on energy) 

Delay time:  

Reconstructed cluster time: the average time using the fast part (effective hit fraction R) of hit 

 

Good linearity: when the intrinsic time resolution is scaled by a factor from 0.1 to 100, the reconstructed TOF 
resolution scaled by the same factor 
for EM showers with 1 to 30 GeV, optimized effective fraction R ~ 0.9, corresponding resolution 10 ~ 30 ps, for 
hadronic showers with 1 to 30 GeV, optimized effective fraction R ~ 0.9, corresponding resolution ~ 50 ~ 100 ps

Treco
delay = Treco

hit −
LIP→hit

c

Treco
cluster =

1
N ⋅ R ∑ Treco

decay
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SUMMARY
Full absorption Glass HCAL improves the BMR by at least 10% w.r.t. Baseline design 
(3.4% : 3.8%) 

Archived with simple threshold cut & calibration tuning 

Observe No significant dependence between Glass density and BMR (fix longitudinal 
interaction length ~ 5.8λ)  

Tools ready to scan more glass candidates 

Scaling behavior analyzed with different cell size (longitudinal) 

Future perspective: BMR ~ 3% 

better clustering algorithm, pursing  

higher hit/energy collection efficiency (12.5%/85%), higher intrinsic energy 
resolution at Cluster level  

similar/smaller confusions 

Better energy estimation, software compensation… 

Fragmentation veto using Time information 

Realistic digitization (homogeneity, noise level, light …)
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THANK YOU!





BACKUP



Find more info in Yong Liu’s talk at IAS

https://indico.cern.ch/event/1096427/contributions/4671389/attachments/2372150/4052426/Scintillating_Glass_HCAL_HKUST_IAS_YongLiu.pdf


ALTERNATIVE OPTION
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MODEL
Baseline: SDHCAL (GRPC, 1mm*1mm cell size) 

Scintillating Glass: 

Sampling: 15mm Steel + 8mm Glass (40mm*40mm cell 
size) 

Homogenous:  

23mm*40mm*40mm Glass I 

40mm*40mm*40mm Glass II
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SUMMARY
Preliminary result shows that the BMR can be efficiently 
improved (3.8% → 3.4%) with homogenous scintillating 
glass  

Further improvement is expected with  

Timing info: 10% 

PFA optimization: 2-3% 

software compensation: 2-3% 

The current HCal is rather large, possible to reduce the 
thickness?
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BASELINE HIT PROFILE
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