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Question:
As we heard yesterday, even though there are well-studied detailed GEANT implementations 
of two specific detector proposals, these should be regarded as strawman.  New ideas are 
encouraged and welcome?

Are there calorimetry options not presented in the TDR that may be worth exploring?  If so, 
what are the possibilities?  What work has been done so far in this area?  What work remains 
to be done?
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Slides taken from the following sources:
• https://indico.ihep.ac.cn/event/9195/other-view?view=standard
• https://indico.cern.ch/event/783429/overview
• https://agenda.infn.it/event/19047/
• https://indico.ihep.ac.cn/event/10439/
• http://iasprogram.ust.hk/hep/2019/
• https://arxiv.org/abs/1811.10545

Source of slide on bottom left of each slide
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https://arxiv.org/abs/1811.10545


Timescales and number of detectors

• The current design for both machines has two interaction regions.  Conceivably 11 
years until CEPC, 20 years until FCC-ee.

• First is tight to start considering alternative calorimetry schemes.  Plenty of time for 
second?

• Is there a possibility of a 3rd detector?

2018
LHC LS2

2023 LHC 
LS3

2026 HL-
LHC

2030 
CEPC?

2039 FCC-
ee?

2040 HE-
LHC?

2043 FCC-
hh?

ILC??

FCC-ee
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2-3 years left 
for design and 
prototyping 
studies?



Two well developed detector concepts 
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CEPC CDR

Jianbei Liu, Manqi Ruan

Last two are different 
tracking options for the 
CALICE-style 
calorimeter



A great deal of work has been done on their optimization
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Yunlong Zhang
Sehwook Lee



Similar CMS calorimeter.  Prototypes in the works
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silicon-tungsten EM calorimeter and scintillator-brass hadron calorimeter. Is the tracking better in the Scint-AHCAL? 



Performance
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CALICE-style
• EM resolution: 15%/ √ E+0.7%, about 2% at 60 GeV
• Jet resolution:  25.7%/ √ E + 2.4% (3.5% at 100 GeV)

DREAM-style
• EM resolution: 10%/ √ E+0.3%, about 2% at 60 GeV
• Jet resolution: 34%/ √ E +0.6%  (3.6% at 100 GeV)



Canonical specs

9/17/2019 Sarah Eno, Future Circular Collider Workship U. Chicago 8

Jianbei Liu
Manqi Ruan

What are the physics drivers that require hadronic W/Z separation?  
According to Manqi Ruan, the analysis most sensitive to the hadronic 
resolution is the W width, using W boson fusion with Higgs to bb.  The 
dominant background channel is Zh→ννbb. reconstruct the boson recoil 
mass reduce background.

For very precise measurements, stability and ability to monitor that 
stability may be crucial.  Is there a good way to state this as a 
performance requirement?

Boson mass resolution (%)



What other possibilities exist?

Improve EM resolution for a machine where photon/electron 
resolutions can be a key to physics?

• Crystal calorimetry?

A better resolution EM sampling calorimeter for PF?
• ala KLOE? 

What else?
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Motivation for precision EM calorimetry
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A crystal ECAL?
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Example EM resolution
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Resolution for pions studied without 
using this.  Need to study 
improvement taking this into 
account.
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CALICE-style
• EM resolution: 15%/√E+0.7%, about 2% at 60 GeV
• Jet resolution:  25.7%/√E + 2.4% (3.5% at 100 GeV)

Dual Readout-style
• EM resolution: 10%/ √ E+0.3%, about 2% at 60 GeV
• Jet resolution: 34%/ √ E +0.6%  (6% at 100 GeV)

Long bar crystals
• EM resolution: 3%/√E+0.3% with achievable increase in light collection 

efficiency and deeper crystals.
• Jet resolution?  Need detector in official software and perhaps PF algorithm 

tuned to evaluate
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Yuexin Wang
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Another possible geometry
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EM resolution

Si-W 19%/√E+0.4%

Si-Sc 0.8%/√E+0.3%

Si-SC-W 6.9%/√E+0.4%
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Control of 
light 
collection 
important 
at low 
energy

Control of 
electronice
noise 
important 
at high 
energy
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CALICE-style
• EM resolution: 15%/√E+0.7%, about 2% at 60 GeV
• Jet resolution:  25.7%/√E + 2.4% (3.5% at 100 GeV)

Dual Readout-style
• EM resolution: 10%/ √ E+0.3%, about 2% at 60 GeV
• Jet resolution: 34%/ √ E +0.6%  (6% at 100 GeV)

Long bar crystals
• EM resolution: 3%/√E+0.3% with achievable increase in light collection 

efficiency and deeper crystals.
• Jet resolution?

Tile options
• EM resolution sampling term runs from 0.8 to 6.9%
• Jet resolution?



Better sampling ECAL?
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CALICE-style
• EM resolution: 15%/√E+0.7%, about 2% at 60 GeV
• Jet resolution:  25.7%/√E + 2.4% (3.5% at 100 GeV)

DREAM-style
• EM resolution: 10%/ √ E+0.3%, about 2% at 60 GeV
• Jet resolution: 34%/ √ E +0.6%  (6% at 100 GeV)

Crystals
• EM resolution: 5.4%/√E + 0.3%, about 0.8% at 60 GeV

Tile options
• EM resolution sampling term runs from 0.8 to 6.9%
• Jet resolution?

Sampling ECAL
• EM resolution 6%/√E
• Jet resolution



Person power

The default PFA calorimeter has a large cohesive team that works 
together to produce results quickly.  Do any of the other efforts have 
this?  How to collalesce to one precision EM calorimetry option?  How 
to increase manpower working on hadron calorimetry with these 
options?

Understanding if the old idea that precision EM resolution is not a high 
priority at an e+e- collider would also need a team working on the 
physics case.
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Questions:
How to make it easier to compare different options:
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Will here more about this later during this workshop



Conclusions

There are interesting options beyond those in current cTDRs.  But a 
cohesive team is needed to bring any of them to reality.
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Backup
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Manqi Ruan
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Manqi Ruan
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Manqi Ruan
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Manqi Ruan
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Yuexin Wang
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Yong Liu
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Ren-Yuan Zhu
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Yuexin Wang
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Yong Liu
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