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ILD & CEPC

Manqi Ruan
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Key figures of the CEPC-SPPC
● Tunnel ~ 100 km

● CEPC (90 – 240 GeV)

– Higgs factory: 4M Higgs boson

● Absolute measurements of Higgs boson width and couplings

● Searching for exotic Higgs decay modes (New Physics)

– Z & W factory: ~ 4 Tera Z boson

● Precision test of the SM

● Rare decay

● Flavor factory: b, c, tau

● QCD studies

● Upgradable to ttbar threshold (360 GeV)

● SPPC (~ 100 TeV)

– Direct search for new physics 

– Complementary Higgs measurements to CEPC g(HHH), g(Htt) 

– ...

● Heavy ion, e-p collision...
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Detector & Software

Full simulation reconstruction Chain with Arbor, iterating/validation with hardware studies
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Physics study: 2023

White papers +

~300 Journal/AxXiv citables
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Extreme detector requirements
● Suited to the collision environment, especially beam background/MDI

● Trigger-less equivalent: Trigger system works as Trigger-less

● Extremely stable 

● Large acceptance: polar angle, energy, time

● PFA compatible (in SpaceTime): final state particle separation – pursue 1-1 correspondence

– Physics Objects Identification: Isolated, inside jets & jets

● Single particle objects: Leptons, photons, Charged hadron

● Composited objects: Pi-0, K-short, Lambda, Phi, Tau, D/B hadron, ..., Jets

– Improving the E/M resolution for composited objects, especially jets

● BMR  (Boson Mass Resolution)

– < 4% for Higgs measurements, ~3% for NP tagging & Flavor Physics Measurements

● Pid: Pion & Kaon separation > 3σ (Kaon finding at incl. Z->qq : eff/purity > 95%)  

● Jet origin identification: Flavor Tagging, Charge Reconstruction, s-tagging...

● Excellent intrinsic resolution E/M/position: per mille level for track, percentage level for EM...

+ with acceptable price: To be addressed by innovative detector design + key tech R&D
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Boson Mass Resolution
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Boson Mass Resolution: Key Per. Para
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BMR: impact on critical measurements
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PFA Fast simulation

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

YX. Wang

To be updated!
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BMR wi GSHCAL

● Baseline + replace DHCAL to GSHCAL + Simple para. optimization

● ~ o(10)% improvement w.r.t. DHCAL

P. Hu & YX. Wang
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Confusion-1: charged fragments
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Confusion-2: Merged neutral PFO

● If Cluster Energy be significantly larger than associated track (E >> P):
reconstructed as a Charged PFO with E = P, and a Neutral one with energy
of E-P

● However due to the failure and uncertainty of tracking, ... exist mis-id



13

0 1 2

Baseline (SiWECAL + DHCAL) with perfect cluster id
0: BMR ~3.70%, original
1: BMR ~3.33%, remove charged fragments
2: BMR ~3.09%, remove charged fragments + “Null MCP” event cut

PS: Two cases of “Null MCP” (fail to link to MCTruth Particle)
• PFO reconstructed by Energy Flow
• PFO caused by LumiCal Hits

Touch base study using MCTruth

20/12/2023 Scint-Glass@ZZ 13

Null MCP Cut eff ~ 25%
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Perf & Cost Comparison: 2 scenarios

● Balance between Perf. & Cost.

Preferable-1
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Anticipated BMRs
Current Leading confusion solved

(Fragment & Merging)

CDR Baseline 3.7% 3.1%

GSHCAL (default) 3.6% 2.9%

GSHCAL (Preferable) 3.3% 2.7%

CHLOE expectation 3.4% 2.8%

● Achievable BMR estimate: ~ 3.0% 

– Plan: replace ideal cluster id using realistic – but really good one... 

– Better energy estimation tech. potentially improve the BMR by 0.2 – 0.3%

– Realistic pattern recognition may not match ideal level (granularity,
space/time resolution, etc): degrade BMR by 0.2%

– Realistic digitization to account the homogeneity effects: degrade BMR
by 0.2%

– ...
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Jet origin id
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Recent HL: Jet Origin Identification

● Jet origin identification: 11 categories (5 quarks + 5 anti quarks + gluon)

– Jet Flavor Tagging + Jet Charge measurements + s-tagging + gluon tagging...  

● Full Simulated vvH, Higgs to two jets sample at CEPC baseline configuration: CEPC-v4
detector, reconstructed with Arbor + ParticleNet (Deep Learning Tech.)

https://arxiv.org/abs/2310.03440

https://arxiv.org/abs/2309.13231

https://arxiv.org/abs/2310.03440
https://arxiv.org/abs/2309.13231
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Jet origin id: 11 categories
● vvH sample, with Higgs decays into

different species of colored particle:
5 quark, 5 antiquark & gluon

– 1 Million of each type

– 60/20/20% for training,
validating, and testing, result
corresponding to testing sample

●  Pid: ideal Pid – three scenarios

– Lepton identification

– + Charged hadron identification

– + Neutral Kaons identification

● Patterns:

– ~ Diagonal at quark sector...

– P(g→q) < P(q→g)...

– Light jet id...

Flavor tagging: type that maximize {L_q + L_q_bar, L_g}

Jet charge (if quark jet): compare {L_q, L_q_bar}
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Performance with different PID scenarios
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Benchmark analyses using Jet origin ID

Applied to quasi-data of vvH; 
H → ss: be limited to 3*SM using vvH + llH at 20 iab
H → sb: up limit of 2E-4 at 95% C.L. 
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Benchmark analyses using Jet origin ID

Improved by ~3 times

Improved by 1-2 orders of magnitudes

Presumably... firstly quantified

For H->bb, cc, gg: results in 20 – 40% improvement in relative accuracies (preliminary)... 
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Performance V.S. Jet Kinematics
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Performance @ Z and Higgs

● M10 instead of M11



1/16/2024 ILD meeting@CERN 24

V.S. Hadronization models
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Fast/Full Simulation

● Delphes ~ Perfect PFA (1 – 1 correspondence.. )
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Key challenges
● Suited to the collision environment, especially beam background/MDI

● Trigger-less equivalent: Trigger system works as Trigger-less

● Extremely stable 

● Large acceptance: polar angle, energy, time

● PFA compatible (in SpaceTime): final state particle separation – pursue 1-1 correspondence

– Physics Objects Identification: Isolated, inside jets & jets

● Single particle objects: Leptons, photons, Charged hadron

● Composited objects: Pi-0, K-short, Lambda, Phi, Tau, D/B hadron, ..., Jets

– Improving the E/M resolution for composited objects, especially jets

● BMR  (Boson Mass Resolution)

– < 4% for Higgs measurements, ~3% for NP tagging & Flavor Physics Measurements

● Pid: Pion & Kaon separation > 3σ (Kaon finding at incl. Z->qq : eff/purity > 95%)  

● Jet origin identification: Flavor Tagging, Charge Reconstruction, s-tagging...

● Excellent intrinsic resolution E/M/position: per mille level for track, percentage level for EM...

+with acceptable price: To be addressed by innovative detector design + key tech R&D
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Tracker: Pid

● Pid via dEdx or dNdx: < 3%  

● Current TPC studies using laser reaches 3.4%

● 50 ps Timing on Calo. Clusters 
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High Rates: Leakage & Overlapping in Time

● Hit level ~ With integration time of 13
micro-sec, the energy or in time
leakage ~ off time pileup ~ 3 GeV -
Comparable to the BMR itself!

● PFA clustering, wi/wo timing
information, could ameliorate this
effect – awaiting analyses
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POST: Particle Origin in Space Time

● Beyond the PFA

– To identify every cluster (even every hit) – and
associate it with their vertexes – Event Building

– To associate correctly clusters, tracks to
reconstructed particle. 

– To identify particles (i.e., Kaons) and their origin
(including quark/gluons ...).

– posts the critical info from the collision... 

Space/CellID

Time
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Detector concept studies 
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● Main features: 

– Aggressive VTX +  Larger Gaseous Tracker to the beam induced background
boundary, or, alternatively... Silicon tracker with Pid capability... 

– ECAL + HCAL: Xstal/Glass ECAL with Positioning & Timing layer + GSHCAL

– 12-side polygon Calo

CHLOE
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ECAL: Crystal + Position/timing layer
● Geometry

– Total Crystal Volume: 23.3 m3

– Single Crystal Bar Dimension:
2.67cm * 2.67cm * 40cm =
291 cc, In total 80k bars

– Inner Area: 80 m2 

– Total Readout Channel: 

● 80000*2 = 160k (Crystal)
● 800000*4 = 3.2 M (Si)

● Performance

– EM resolution

– Anticipated BMR

– Timing

Compared to 1*1*40 cm crystal bars
With in total 570 k bars and 1.14 M readout

The last layer of Silicon Tracker

Position Layer with 1*1 cm Granularity (Si or Alternative)
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EM resolution

● Positioning layer: material budget of ~ 0.2 X0 (3 mm Cu), fraction < 3%

● Compatible with CMS HGC Silicon layer wi cooling; which has much higher data rate &
requirement on energy reco. -> further optimization is possible

CMS HGC Project: 

600 m2 Si + 300 m2 Sci

Total cost:
69 M CHF ~ 500 M CNY

~~

CEPC: 

~ 300 m2 Positioning Layer

~ o(100) M CNY 
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BMR
● Optimization study at Baseline – Merge

Hits of neighboring layers in
longitudinal direction. Compared to 30
Si-W layers, 10 layers has a relative
degrading of 2% (3.82 → 3.9)

● 5 double-layers + 4 silicon sensors +
advanced algorithm shall comparable
to 10 layers... if not better

● Better EM resolution of Xstal ECAL has
positive impact on BMR

● BMR shall be comparable to baseline
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Summary
● PFA oriented detector ~ ILD has excellent performance for the Higgs factory

– BMR: should always pursue better BMR

– Jet origin id: improve g(Hcc) ~ 2 times & access to g(Hss)

– ...

● Higgs factory is not only about Higgs: challenges from Flavor, NP, QCD & EW... 

– Look inside the jet – especially for flavor, QCD, etc. 

– Trigger system as trigger less: background rate < 10% & signal eff > ? (~99.9%?)

– Be in cope with high rates – PFA in space time 

● Gas tracker VS beam background... 

– Excellent intrinsic resolution & Pid

– Extremely stable – for EW, etc, Mechanic, integration, cooling, aging & monitoring... 

– ...

● Need active design & optimization study + R&D efforts. 

– Advanced reconstruction is critical:  PFA → POST: Particle Origin in SpaceTime 
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Back up
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Particle identification
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Bs→Φvv

● Key ingredient to understand FCNC anomaly...

● Critical Physics Objects: Phi (and charged Kaon),
2nd VTX, Missing E/P, b-jet at opposite side

● Percentage level accuracy anticipated at Tera-Z

https://arxiv.org/pdf/2201.07374.pdf



1/16/2024 ILD meeting@CERN 39

Requirements: Pid & MET

3σ Pion-Kaon separation + Good missing Energy/Momentum (~ BMR) resolution
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Z→2 jet, 
H→2 tau

~5%

Z→2 muon, 
H→2 b
~2%

ZH→4 jets
~50% 

Z→2 muon
H→WW*→eevv

~1%
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Higgs Signals 

Reconstructed Higgs Signatures

Clear Higgs Signature in all SM decay modes

Massive production of the SM background (2 fermion and 4 fermions) at the full Simulation level

Right corner: di-tau mass distribution at qqH events using collinear approximation 
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Summary

● A lot to be understood...

– V.S. Scaling of Jet energy, Polar angle/eta, 

– V.S. Collision environment: beam background, # PU

– V.S. Detector geometry: VTX configuration, acceptance, etc

– V.S. Jet Clustering algorithm, interactions with jet finding & Color Singlet
identification

– V.S. Different hadronization & fragmentation modes...

–

– V.S. algorithm architecture

– V.S. training & implementation procedure... 
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CEPC Accelerator TDR Design
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From Prof. J. Gao
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CEPC: operation scenario
● CEPC emphasize on the Higgs factory & Z factory

● Upgradable:

– In energy: to 360 GeV

– In SR beam power: 30 to 50 MW

● Tentative Operation Plan & Yields (2 IP, with 50 MW)

– 2 year in Z: 100 ab-1, 3 Tera Z→qq events

– 1 year in W: 6 ab-1, ~ 100 Million WW events

– 10 year in Higgs: 20 ab-1, 4 Million Higgs

– ~ 5 years at top: 1 ab-1, 0.5 Million ttbar events, 150 k Higgs
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Challenge: Collision/Event Rate
● Z→qq event rate higher than 100 k Hz.

● Collision rate: can be comparable to that of LHC.

– 2.6 ms for ttbar operation

– 385/154 ns for Higgs/WW scan

– 15 ns for Z pole 

● Compatibility of the sub-detectors: especially

– Feasibility of the TPC: 

● Track distortion & correction induced by even the primary ionization

– Power pulsing is difficult... more efficient cooling + optimization?  

– DAQ: Triggerless mode, or at least software trigger (as LHCb upgrade)
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Challenge: Beam condition

● Beam energy calibration

– ~ 0.1 MeV at Z pole

– ~ sub MeV at W threshold

– ~ MeV at Higgs operation

– ...with nature beam energy spread of ~ o(1E-3)

● Beam polarization monitoring

– Transverse... (essential for the Resonance depolarization Method) and
even longitudinal...

● Beam Luminosity Spectrum Monitoring, especially at top 
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Challenge: Forward region & MDI

● CEPC has very compact & difficult forward region design

– Luminosity measurement requirement

● At least 1E-4 for Z pole, 
● 1E-3 for W threshold scan, Higgs operation, and top runs
● Micrometer level position stability & accuracy for Luminometer, et.al.

– Very short L* (varies from 1.4 – 2 meter), but seems to be definitely
installed inside the tracker volume

– The beam background condition at the CEPC is yet to be quantified.
While better flavor tagging performance strongly prefers small inner
radius of the vertex system. 

● Low material VTX system, with R_in as small as 20 mm, radiation hard... 
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Challenge: Solenoid

● To reach high luminosity at the Z pole operation, the B-Field of the main
Solenoid shall not be higher than 2 Tesla

– The beam X-angle (2*16.5 mrad) at the collision point induces correlations
between the vertical & horizontal emittance.. 

– Compared to 3 Tesla B-Field, 2 Tesla B-Field doubles the maximal Z pole
luminosity

● However, a larger B-Field is strongly favored for Higher Energies.

– Provide better momentum resolution, especially for the benchmark of Higgs to di-
muon. 

– Constrains the beam background. 

● Thus, a tunable Solenoid (2 to 3, or even higher) system, whose B-Field
map can be monitored to a relative precision of 1E-4, and stable enough...
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Bc→Tauv
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Taus at the CEPC

● Finding Tau

● Specify Tau decay product

Leptonic:
ZH, Z→ll/vv, H→ττ
Z→ττ

Semi-Leptonic:
ZH, Z→qq, H→ττ
WW→τvqq

Full-Hadronic:
Z→qq→τ + X
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Taus at the CEPC

TAURUS/Specify Tau decay product

Semi-Leptonic:
ZH, Z→qq, H→ττ
WW→τvqq

Full-Hadronic:
Z→qq→τ + X

TAURUS (Tau ReconstrUction toolS): 
an overall efficiency*purity higher than 70% is achieved for qqττ, and qqτv events
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Benchmarks
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