
24/11/2022 1

BMR Perspective &
Feedback to 4th 

Manqi Ruan
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Hadronic event & BMR
● Core of e+e- Higgs factory Physics measurements

– 97% of CEPC Higgs events are hadronic/semi-leptonic
● Higgs measurement require BMR < 4%; 
● Flavor & NP: much more demanding



24/11/2022 3

@ Baseline

=+
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From Baseline to 4th

→

● Tracker: TPC + Silicon → Drift Chamber + Silicon

● ECAL: Si+W → Xstal

● HCAL: GRPC + Iron → Glass + Iron

● Solenoid: Outside HCAL → Between ECAL & HCAL
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PFA Fast simulation

Fast simulation reproduces the full simulation results, factorize/quantifies different 
impacts 

YX. Wang
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HCAL

● In an ideal case - ideal Geometry ~ semi infinite... 

● HCAL resolution significantly w.r.t. Baseline, at single particle level 

D. Du
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Single Particle @ GS HCAL

● Performance improves almost linearly at lower energy threshold, and larger
sampling fraction

D. Du
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HCAL @ BMR

● Fits well with the model...
● Yet, a lot more to be understood

P. Hu & YX. Wang
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Tracker: tracking & Pid

● BMR insensitive to Tracker unless tracker is bad

– Pid & Lower the threshold shall leads to small improve, by correcting hadron mass

● Baseline set a good reference. Move toward better realizability & performance

● Performance – show the differential one!

– Momentum resolution ~ 0.1%

– Threshold ~ 0.1 MeV or lower & Larger Solid Angle Coverage!

– dEdx or dNdx, if provided, better than 3% in barrel region for GeV level hadron (PS, very doubt for
an DC inner radius of 600 mm... or larger)
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BMR VS upstream material

● Baseline: 10% X0 material in the barrel region. 

● Would be great to half the upstream material. 

P. Hu, Preliminary
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ECAL → Crystal
● Let's simply assume crystal has same separation power as Si/Sci HGC.  

● Changing Si-W Cell from Baseline to crystal

– Better intrinsic EM resolution

– #Hits increased by 1 order of magnitude - with 0.1 MIP cut
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BMR @ Crystal ECAL Cell

● A two-staged Arbor has been developed, which seems capable to overcome
the difficulties of massive #Nhits in ECAL

● No significant improvement in BMR observed. 2% improvement anticipated
from Fast simulation. 

B. Qi Preliminary
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Solenoid between E&HCAL

● Long/short solenoid between E/HCAL: saving cost on reduced solenoid & Yoke,
while the HCAL cost increases (once ECAL/Tracker fixed)

● Performance comparison between long/short solenoid

– Short solenoid has less dead materials & worse B-Field homogeneity

– Assume B-Field difficulties can be solved, short solenoid has better performance,
and implemented in Full sim (Thanks to ChengDong!)

A: long solenoid B: short solenoidOriginal



24/11/2022 14

Smaller Solenoid Impact on BMR

150 mm thick Cylinder Solenoid require at least 300 mm distances between ECAL/HCAL, Solenoid 
has Material Budget of at least 1 - 2 X

0

BMR Degrades from 3.8% to 4.3 – 4.4%.

Valve, Dead-zone, etc, will induce further inhomogeneity and degrades the performances. 

J. Jiang



24/11/2022 15

Difference in cost

Inside Outside

Solenoid (LTS) 10900 w 14706 w

Yoke ? (~ 1000 w) ~ 6000 w

Solenoid (HTS) 14500 – 15400 w 22000 – 23800 w

Original

LTS (NiTi): Cost difference ~ 100 M. 
HTS(YBCO): Cost difference < 150 M.
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Summary
● Tracker: TPC + Silicon → Drift Chamber + Silicon: 

– Almost irrelevant if the Tracker is good enough; 

– BMR: Small margin from Pid, require upstream material in the barrel < 10%, if
possible, 5%.

● ECAL: Si+W → Xstal

– Crystal improves EM resolution, and induces much more hits 

– Small impact on BMR if separation power can be ensured.

● HCAL: GRPC + Iron → Glass + Iron

– Promising

● Single Particle level improved up to 2 times
● 10% improvement on BMR (3.3%)

● Solenoid: Outside HCAL → Between ECAL & HCAL

– Leads to a degrading more than 15%! Strongly disfavor

● Vertex, or VTX + MDI: Lots of margin & need intensive effort
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Backup
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PFA Fast simulation

Exercise so far fits well with the model...

YX. Wang
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