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schedule

• 7 minute presentation by Sarah
• 15 minutes brain storming in groups
• 10 minutes discussion of group results
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disclaimer
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Obviously, you cannot design a billion-dollar detector in a 20-minute BS session.  This “exercise” is aimed to get people 
talking in fun way.  

This is a safe space, so don’t be afraid to be wrong.  Senior people (including Sarah Eno)
should refrain from castigating people who make “wrong” statements about their favorite detectors.
I’m not expert at much of this, so there are probably wrong statements in these slides.  Buyer beware.



Future detectors
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Lots of fascinating work has been done designing detectors 
for the ILC.  Strong work has been done on “strawman” 
detectors for FCC-ee, FCC-hh, C^3, CLIC, the muon detector, 
and CEPC.  (okay, here I’m trying to list every possible 
currently designed guess at a future detector… will stop 
doing that).

Much of that work has concentrated on
• Precision measurements of Higgs properties
• Energy frontier physics at TeV scale electron-positron 

colliders (measurement of properties of SUSY particles, 
etc)

However the US has a long history of impact in flavour
physics, especially b physics.



Flavour physics now
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B physics now 
dominated by 
Japan and CERN.  
Some US 
participation in 
LHCb and in Belle-
2.  c and tau 
studied in China.

Report of the Frontier for Rare Processes and Precision Meaurements: arXiv:2210.04765

Studies of rare b decays have historically been sensitive to models with new 
particles.  The heaviness of the top was first sensed through neutral b 
oscillations.  CP violation is of course a key interest.  Right now there are several 
observed anomalies in b decay



B physics now
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Weak Decays of b and c quarks: report of topical group RF1  https://arxiv.org/abs/2208.05403



future
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In the future, at circular electron-positron colliders, such as FCC-ee and CEPC, there will be a tera-Z run.  One of the interesting 
physics possibilities of that run is improving our understanding of flavor physics via precision studies of the b quark and tau lepton.  
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There will be four interaction regions in such a collider.  One could be a detector optimized for flavour
physics (like LHCb and ALICE at LHC).

Currently, not much real thought into designing a detector optimized for flavour physics (there is a nice 
paper from CEPC).

Shall we have fun thinking about which of the current detectors would be the best for flavour physics?  
Or is there need for a new design?



Some current proposed detectors
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FCC-ee “strawman” Higgs factory experiment
ILC SiD experiment 

ILC ILD experiment IDEA dual readout (precision ECAL version)

Nice detectors, but 
may not be optimal 
for flavour physics



Higgs factory canonical specs
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Optimization criteria commonly used for Higgs factor experiments

Compared to b physics, lots of emphasis on jet resolutions and performance at high pT.
Not much need for meson identificatoin



Current state-of-the-art flavour experiments
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Belle-2:

At much lower energy than tera-Z: about 10 GeV 
instead of about 90 GeV.

Asymmetric beams so b’s tend to go “forward”, more 
towards one side than the other.

Much higher energy, much more intense radiation 
environment than tera-Z.

Most b’s are produced close to the beam line, so 
built more like  a fixed-target experiment than a 
collider one

Some things to consider when choosing parts of these for your tera-Z flavour experiment

LHCb
Emphasis on particle (even hadron) 
identification

K/pi
p/pi
etc

Tracks tend to be lower-momentum, so 
best to minimize multiple scattering

Need excellent b tagging-> pixel detector

Not much need for jet reconstruction



Belle-2 specs
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What the current best b physics experiment thought was important

Note though this was a much lower energy machine, with beams of differing energies to give the b’s a longitudinal boost.  

RICH is ring-imaging 
Cherenkov detector



LHCb subdetectors
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Specs from recent CEPC paper
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• Time of flight resolution of 50 ps for a flight path radius of a bit over 3 meters
• dE/dx resolution of 3% in barrel for charged particles with energy> 2 GeV

Studied 𝐷𝐷0 → 𝜋𝜋+𝐾𝐾− and 𝜙𝜙 → 𝐾𝐾+𝐾𝐾−https://arxiv.org/abs/2209.14486



Specs from snowmass report
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Report of the Frontier for Rare Processes and Precision Meaurements: arXiv:2210.04765



So let’s have some fun
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Let’s divide into a few small groups.  Working together, design a detector.  We can then quickly show what 
we choose.  Some slides are included here for some choices you can make based on existing designs (and of 
course you can always look directly in the reference).  Also think about subdetectors in Belle-2 that you may 
want to add.



Some references
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• ILC detector TDR  https://linearcollider.org/technical-design-report/ (volume 4 –detectors)
• FCC TDR with detectors https://link.springer.com/article/10.1140/epjst/e2019-900045-4 (chapter 7)
• A recent paper by CEPC on flavor requirements  https://arxiv.org/abs/2209.14486
• Description of the Belle-2 detector at SuperKEKB https://arxiv.org/abs/1011.0352 (state of the art b physics 

experiment.  Asymmetric beam energies, so some care needs to be taken when extrapolating to a tera-Z factory)
• Belle-2 upgrade https://arxiv.org/abs/2203.11349
• A calorimeter design with improved electromagnetic resolution 

https://iopscience.iop.org/article/10.1088/1748-0221/15/11/P11005
• CEPC detectors https://arxiv.org/abs/1811.10545
• IDEA detector https://inspirehep.net/files/49ec726758c422bc454e270a71f6e59f
• LHCb upgrade https://cds.cern.ch/record/1443882/files/LHCB-TDR-012.pdf
• LHCb detector performance https://arxiv.org/abs/1412.6352
• The LHCb detector https://cds.cern.ch/record/1129809?ln=en
• Snowmass report on rare and precision measurements https://arxiv.org/abs/2210.04765
• Detectors for extreme luminosity: belle II https://www.phys.hawaii.edu/~teb/BelleII_NIM_special.pdf

https://linearcollider.org/technical-design-report/
https://link.springer.com/article/10.1140/epjst/e2019-900045-4
https://arxiv.org/abs/1011.0352
https://iopscience.iop.org/article/10.1088/1748-0221/15/11/P11005
https://arxiv.org/abs/1811.10545
https://inspirehep.net/files/49ec726758c422bc454e270a71f6e59f
https://cds.cern.ch/record/1443882/files/LHCB-TDR-012.pdf
https://arxiv.org/abs/1412.6352
https://cds.cern.ch/record/1129809?ln=en
https://arxiv.org/abs/2210.04765


trackers
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ILD
• TPC/Silicon
• B field 3.5 T
• Radius 3.4 m

SiD
• All silicon tracking
• B field 5.0 T
• Radius 1.2 m

IDEA
• Drift chamber/ silicon
• B field 2 T
• Radius 2.1 m



SiD tracker performance
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ILD tracker performance
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IDEA
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calorimeters
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ILD (and most other designs)
• High granularity

IDEA+crystal ECAL
• Dual readout crystal ecal
• Dual readout fiber hcal
• CMS-barrel like crystal timing 

detector in front of ecal

IDEA
• Dual readout fiber



ILD calorimeter
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IDEA
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IDEA plus crystal ECAL
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Particle energy

https://arxiv.org/abs/2202.01474

https://iopscience.iop.org/article/10.1088/1748-0221/15/11/P11005



Flavor specific subdectors (Belle-2)
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Photon resolution



SiD costs
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SiD



ILD costs
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ILD



Idea + crystal ecal cost
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