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About a year ago
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• Several detector options  well matched to the physics of a Higgs factory.
• A well-developed detector simulation and particle reconstruction, including particle flow, for the baseline 

detector.
• Progress on simulation/reconstruction for the alternatives.   



Baseline detector
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• Low mass tracker with silicon 
vertex detector and TPC

• Imaging calorimetry à la CALICE
• High magnetic field
• Fully implemented in simulation 

and reconstruction



A few developed alternatives

Nov. 2019 Sarah Eno, Beijing Workshop 4



themes
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Very biased talk based on what caught my eye as a relative newcomer:

• Updating/re-affirming technical specs
• The challenge for Z running
• Exploration of  novel “left field” possible detector options
• Continuing internationalization, learning/cooperating with other future 

machines
• Pushing the technology frontier

Look at these, and then blather about what this means about next steps

A very great many very interesting talks, some far from my areas of expertise.  I apologize in advance 
for the many interesting things I did not include or did not properly understand.  Many parallel sessions 
also makes summary challenging.



Updating/reaffirming technical specs
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Physics requirements
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We all know these



Challenging the specs
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F. Bedeschi, this workshop

Important to do.  While very stringent specs can inspire detector builders, when it 
comes time to build, too stringent specs can:

• can push one to immature technologies
• explode costs

Too loose specs can lead to missed physics opportunities
Nice session on Monday exploring this topic



Calorimetry requirements
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The CDR sets very challenging goals for jet resolution.
The CDR goals for electrons/photons are modest.



Jet resolution is essential to e+e- Higgs factory 
calorimetry
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For details, see Manqi Ruan’s talk at Monday optimization session

Beautiful quantitative studies reasserting these themes

Jianming Qian: maybe could loosen to 5%?  Accuracy still pretty good!



over specification?
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Imaging calorimeters come with lots 
of readout segmentation.  Pretty pics, 
but do we really need?  They are 
expensive.

CMS HGCAL

Boson Mass resolution as function of 
number of ECAL layers

Maybe don’t need separate readouts on all these layers?  
Or maybe we need better algorithms that actually need 
them and then get even better than 4%?



EM resolution: current benchmark
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If want contribution from 
constant term and stochastic 
term about the same, maybe 
should be 14%, not 20%?

But how important is this 
anyway after the HL-LHC?

Can we find other 
benchmarks?

Manqi Ruan, this workshop



Coupling to electron neutrino
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F. Bedeschi, this workshop
Could be first time that the coupling to an individual neutrino is measured?

Which do you prefer?  This or more accuracy on 
Higgs couplings to b, tau, invisible? Or do we 
need complementary detectors?



Under specification?
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From Manqi Ruan

• On top of what you summarized, I would like to add a small comment that the rich flavor program - might 
appreciate a better EM energy resolution. However, to identify a representative benchmark with clear physics 
impact is not trivial.

Lots of room to make an impact here!

Most flavor physics will be done at the Z.  “New” physics 
program needs careful bench marks

Nice program on theory motivated flavor physics here, but 
need to do detailed detector studies

Very important that we get the most physics we can out 
of this major financial investment



Tracking
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• Very challenging requirement on track resolution
• Interesting that you need excellent track 

momentum resolution but not excellent 
electron/photon resolution.  Muons play a 
special role at an electron collider due to reduced 
backgrounds, drive by two measurements: Higgs 
mass and Higgs couplings to muons.

Charlie Young

ZH (Zµµ)
Muon pt

Transparency may be 
more important than 
hit position 
resolution?  Can we 
relax the resolution 
specification?



muons
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LianTao Wang: but who really cares about the Higgs mass 
precision?  

Electron channel suffers from larger background even 
if sharpen up the peak with improved resolution

Maybe could relax by factor of 2?
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Higgs to muon coupling

Would be nice to keep this 
low enough that CEPC 
improves over HL-LHC?

How much money should we 
pay for a challenging spec for 
2 measurements, that that 
“is not so interesting” and 
the other that might be done 
at HL-LHC?



vertexing
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Zhigang Wu

Inner most hit radius most 
important



Watch beam backgrounds
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Haoyu Shi
Innovative work on shielding.  
Something important to watch?

Risk versus benefit?



The challenge of Z running
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Challenges at Z
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The ability to run 
on the Z is a very 
appealing feature 
of the circular 
machines.  It is 
also a place where 
CEPC cannot stand 
on the giant 
shoulders of the 
work for ILC
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Ion back flow
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Huirong Qi



Ion back flow
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Cornelius Ligtenberg



Ion back flow
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Zhiyoung Zhang

An interesting problem inspiring lots of 
intellectual work.  Still time to play.



B field
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• High inst lum at Z pole for 2T field appealing.
• How important to have the same field at Z and at 

Higgs?
• Lower momentum threshold at lower field?  How 

important is low pT track reconstruction efficiency?

Relative importance of really nailing Higgs mass, Higgs 
coupling to muons versus easier transfer of calibrations 
from Z to Higgs?



Exploration of  novel “left field” possible 
detector options
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• Detector technology is always moving
• There is still time to consider new ideas, if they can strengthen the physics program
• Be careful not to ossify to the baseline????  Challenging (discussed more later)



Left field calorimetry
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Yuexin Wang

Can we have PFLOW and good 
EM resolution and a reasonable 
cost?

Boson recoil 
mass versus 
number of 
ECAL layers



Can we do better?
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My current favorite slide

From Manqi Ruan
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From Manq Ruan’s talk

Room for new algorithms, timing 
information, even physical signal to 
help get rid of these?

• Number 2 is hadronic resolution.
• Number 3 is acceptance.  Impossible to improve?
• Neutral hadron energy threshold not negl.  Any chance to go lower?



Very thin Silicon
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Manual da Rocha 
Rolo



Left field tracking
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Huirong Qi



New capabilities: Particle id
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Marco Costa

Everybody is doing timing these days. Why not 
CEPC?

PID capabilities driven by flavor program.  Really need to 
develop detailed benchmarks to make sure this important part 
of the program gets the detector it needs.



Continuing internationalization, 
learning/cooperating with other future 

machines
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In this together
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Talks by:
• CALICE
• ALICE
• HGCAL
• LHCb
• MEG2
• CMS
• ATLAS
• Mu3e
• SoLID

F. Grancagnolo

The future e+e- community 
cannot afford to fail.  This is best 
ensured by working closely 
together.



China-Japan
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China-France

Nov. 2019 Sarah Eno, Beijing Workshop 38



China-Italy
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China-S. Korea??
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You know you want to work on this 
state of the art calorimeter!!!

IDEA calorimeter



Pushing the technology frontier
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How to keep mass down.  Drift chamber wire replacement?
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In the hallways
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• What will the cabling plant 
look like?

• Can you actually build the 
supports for that calorimeter?

Not only need to think about these things.  
With these stringent specs, and the huge 
interdependencies induced by particle 
flow, they need to be put into the 
simulation and their impact assessed.

Tim Jones Liverpool



Future thoughts
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The detector needs of an  e+e- Higgs factory has been pondered since at least 1886, when the JLC 
was proposed as a next step for the KEK program. When I got my Ph.D. on AMY in 1989, and I moved 
on to the Tevatron, some of my fellow postdocs/students moved on to work on JLC.  There is 
probably also even older history.  Thinking about the “next steps” is therefore daunting.

Any future e+e- collider has a deep debt of gratitude to ILC (including the ILC itself)

But we still have time before the final design and construction of the detectors begins.  Physics is 
always moving, and it is important to reassess and challenge conventional wisdom on the design 
needs.  



to LO

Nov. 2019 Sarah Eno, Beijing Workshop 49

• To LO, CEPC needs to keep doing what we are doing.  Things look very good!
• An exciting, state-of-the art, set of detectors well matched to the physics 

program is emerging.
• Great moves towards international collaboration
• Balance of risk and performance is being considered

Things are looking rosy!



Particle flow
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It is essential that we can easily try 
different alternative geometry with particle 
flow.  Any change in geometry could affect 
our extremely challenging jet resolution.  
Without the ability to play with alternatives 
quickly/easily, we will always have to take 
the safe route, not just on calorimetry, but 
on everything. 

Can we have a person dedicated to 
implementing the GEANT into the 
software?  Do we have detailed 
documentation on the PF code to make it 
quicker for new people trying new ideas to 
adjust it?

Is this in the simulation? How does this affect 
transverse segmentation optimization?  
Hadron fragmentation?  Separation confusion 
conrobution to resolution in PFA?
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hepsim: https://atlaswww.hep.anl.gov/hepsim/#
Generic, which is politically useful.  Use it to study 
crystal detector with full PF 

https://atlaswww.hep.anl.gov/hepsim/


Conclusions
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• Great progress on two beautiful detectors
• Flexibility leading to better and better design
• Collaboration growing to match important physics program
• Time to get serious about benchmarks for the flavor program at the Z?

But maybe need to make sure we don’t become too attached to baseline.  
Maybe need more optimization tools (beyond the base line detector).  
Definitely need to remember all the future machines are in this together.



backup
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Calorimetry
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Thanks to the hard work of the CALICE and RD52 collaboration, 
proven options exist that can satisfy stringent jet requirements.  A 
PFA calorimeter is current being built for HGCAL.



Tracking
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Baseline and two well developed alternatives



Nov. 2019 Sarah Eno, Beijing Workshop 56



Nov. 2019 Sarah Eno, Beijing Workshop 57



Nov. 2019 Sarah Eno, Beijing Workshop 58



EM resolution: need new benchmarks
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From Michael Peskin:

• Monophoton + dark matter search: This has actually be studied by Jenny List at DESY. She claims that the 
analysis has only a weak dependence on photon energy resolution. Much more important is angular coverage 
down to small angles.

• Study of tau+tau- in Z and Higgs decays: Here photon performance is needed to discriminate tau -> pi, rho , 
a1. However, Jean-Claude Brientl claimed that the crucial need is for good pattern recognition and photon ID 
down to small energies, while the actual photon energy resolution is less important

• Efficiency for h-> gamma gamma: This is a real need; the photon-photon efficiency here is somewhat pathetic, 
even worse than CMS. However, the statistics is not high in any event, and HL-LHC will give us an excellent 
value of BR(h->gamma gamma)/BR(h->ZZ*).

• Graham Wilson suggested that improved EM resolution might be important in W studies. A method for 
measuring the W mass is to use the endpoint in W-> e nu. This wins strongly with better EM resolution.

• Similarly, finding the exotic mode h -> tau e under the background of h-> tau tau depends on good 
performance at the endpoint.

More work needed here on this theme
Are these still interesting after HL-LHC?
Are there rare physics topics involving EM particles that need to be added?
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