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CEPC CDR: Physics & Simulation
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Personal Perspective to CDR
● Clear description of the physics goal/potential

● Demonstrate detectors

– Adapted to the CEPC collision environment

– Achieves excellent reconstruction efficiency for Higgs events

– Address key systematic control, such that it could fully appreciate the
huge statistic of EW data

● Detector Hardware & Integration level

– No show stopper

– Proof of Principle: Validation with the cosmic/TB data and/or reference
designs applied else where

– Technology Readiness Level, identify the crucial R&D issues
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Personal Perspective to CDR
● Workable, Optimization & COST are important issues but not essential 

● Not exclusive, any self-consist new concepts are welcome, as far as following
questions could be concluded 

– Feasibilities:

● How to adapted to collision environment (DAQ & Working Rate) 
● Be Integrated: Material budget (tracker) & Geometry layout 

– Systematic: 

● Systematic break up (Mainly EW measurements) & requirements on sub-
detectors, at different benchmark luminosities 

– Performance: Physics Object & Full event level

● How will the separation at Dual readout affect Jet/Tau reconstruction...
● Higgs Physics needs full demonstration (many materials are available @ CEPC_v1).

However, EW measurement is posing more stringent requirement, to which I hope
we have a better understanding at CDR 
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Chapter 1
To our theorists friends by providing

 expected accuracies 

Chapter 2:
A detector design validated

to the machine (MDI);
Poses explicitly the requirements from

Higgs measurements &&
EW measurements

Chapter 3-4: 
Answer the Detector requirement 

+
Information on Proof of Principle and

Technology Readiness Level

Chapter 5: 
Providing accuracies at Benchmark 

analyses

Identify crucial R&D tasks

Individual publications
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Leading questions
● Physics potential and simulation studies concerning CEPC Higgs

measurement is relatively mature for the CDR (see Gang's talk)

● 0th order

– Machine adaptation & MDI design

– EW Systematic break down & requirement on detector performance

– SPPC Description, both for the physics motivation and detector concepts

●  1st order

– Level of details on simulation, optimization, validation studies



04/02/2017 Detector bi-weekly Meeting@IHEP 7

Simulation Status

Geometry
Concept

Full Sim Software &
reconstruction

Fast Sim Analysis Optimizations

CEPC_v1 (ILD-
like)

100% 90% Delphes card
implemented

~ 50 Higgs full
sim/Analysis;

A few EW
studies

initialized

Feasibility of
TPC, active
cooling free
calo, calo

geometry, etc

SiD-like Tracker
implemented

30% - - -

Italian Proposal
(Wired

Chamber +
Dual readout

calo)

- - - - -

The majority of Analyzers, trained in Pre-CDR rushes, are now either leaving or only partly 
Available

We are short of computing resources as always. Not even a full SM samples in CEPC_v1
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Realistic Strategy 
● Merge SiD & ILD into PFA oriented detector

– Compare the tracking performance of TPC + Full Silicon: (2 FTE*month) 

● Track finding efficiency: eff(Theta, Energy)
● Pre-interaction Rates
● Track momentum resolution
● dEdx

– Develop an Delphes card for SiD like geometry and compare the Benchmark
performances (1 FTE*month)

– Delphes cannot model PFA Confusions: Valid if Confusion penalty can be ignored

– Push further Optimization study, Full Sim, etc

● Providing necessary help to implement the Italian geometry 

– Extra manpower (mainly from ppl interested in this concept) is needed, to provide
analysis results
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Sets of key questions
● Feasibility:

– TPC

– Energy Budget for sub systems & active cooling free design

– Trigger-free design? & DAQ structure... (? FTE * year)

– ...

●  Systematic: – towards EW measurements

– Common Systematics (@ Oblique parameters – 0.3 FTE*year (??) )

● Luminosity measurement
● Alignment control
● Beam energy measurement
● Acceptances

– Specialized Systematic: Mis-id rates of leptons, jet flavors & jet charges

● Performance: at Benchmarks
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Benchmarks

Physics with taus would be essential for the detector optimization...
Lots of works remains to converge the optimization of PFA-based detector

90%

50%

80%
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Luminosity monitoring

● 1E-3 for Higgs measurements
– Better be 5E-4

● 1E-4 or better of Z line shape scan
– Z mass, width & Neutrino generation

● ?? for WW/top measurements
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Beam energy monitoring
● Physics requirement

– 1/100 MeV @ Higgs runs wi/wo recoil mass method

– 0.1-1 MeV @ Z pole operation && WW mass operation

● Key issue: Beam energy stability (1 FTE*month) 

● Resonant depolarization

● ISR return event

– 10-100 MeV could be achieved if the beam stability maintains at 1E-4
level for 1 hour data taking...

● Compton scattering based
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Based on Compton scattering
For 1 MeV accuracy (1E-5)
Recommend to place in the last Dipole

Photon Energy range OK 
Angular uncertainty of laser & emittance of beam OK
Calibration OK
Photon productivity 1E7/s
Separate from SR background: Pretty Challenge 
Device stability   ?

*

Ge CaloDP

IP
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Key issues in each chapter: 
break down of 1st order questions
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Physics Performance

● Detector Geometry & Layout

● Reconstruction performance at Objects 

– Single Particle level and Physics event level (i.e, vvH event): 

● Intrinsic efficiency/accuracy for Leptons, Photons, Pion, Kaon, Neutral Hadron;

● Identification performance of Leptons and Particles

– Tau reconstruction efficiency/purity

● Efficiency matrix for tau decay modes

– b, c, light, gluon quark ROC curves at Z pole sample

– JET/MET at vvH, ZZ->vvqq, WW->lvqq events 

● Physics Analysis Performance at Benchmark channels
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Tracker
● Layout  & Material budgets: 

– Photon converting rate, Pion pre-interaction rate, Electron/Positron bremsstrahlung rate

● Performances, as a function of polar angle and Pt: 

– Track finding: at sub-detector level (fragments finding), and at full tracker level

– Momentum, dEdx, Impact parameter resolution

– Separation of 3-prong decay tau at maximal energy (0.5*c.m.s)

● Power budget & Noise rates (beam induced & electronic)

– Is active cooling needed

● Track energy scale stability (linearity)

● Alignments, stability-homogenous requirement of the B-Field and/or the HV system 

● Dedicated: 

– VTX: Intra-layer clustering & noise veto performance, impact of off-time pile up 

– TPC: Ion back flow

– Silicon: cooling & Track finding at low energy

– Wired: Tension control, Mechanism Stability of the full system, homogeneity, aging
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Calorimetry
● Layout, Leakage & Dead-zone: 

● Performances, as a function of polar angle (Impact angle) and Energy: 

– Cluster Finding efficiency 

– Response to Charged/Neutral particle: 

● Linearity

● Intrinsic resolution to visible particles

– Separation of di-photon & photon-pion 

● Power budget & Noise rates (beam induced & electronic)

– Is active cooling needed

● Alignments, Calibration & stability requirements

● Dedicated: 

– PFA: homogeneity, energy budget & optimized layout

● Scintillator – linear range

● Calibration

– Dual readout: 

● SiPM dynamic range, feasibility of usage at B-Field upto 3.5 Tesla 

● Cluster Separation. i.e, Jet lepton identifications
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B-Field, MDI & Forward, DAQ
● Layout, 

– Mechanism design

● Beam induced background: 

– Boundaries

– Hit rate in each sub-detector – impact of off-time pile up from beam induced background

● Coverage: Polar angle coverage Vs event reconstruction efficiency

● Compensating magnet layout

● Luminosity Measurement

– How to reach 1E-4 for Z line shape measurements? 

● DAQ: data stream & data handling

– Beam induced background

– Large size data process at Z pole
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Conclusion
● Support functionalities, shortage of manpower & resources

– Massive sample production

– Reconstruction software validation

– Computing power, in shortage

● Key tasks break ups, i.e: 

– Higgs measurements iteration at different geometry (optimization)

– EW systematic breaks down, i.e, for Z line shape measurements

– Beam energy calibration: stability - Compton Based method exploration

– Luminosity measurement 

– Sub system wise: Sort and attack these key questions

● Silicon/Wired tracking: track finding – track separation performance,
mechanism stability, alignment

● Dual readout: SiPM linear range, cluster separation performance
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Please echo your feedback:

Content of the CDR

Comments, sort order of the topic breakdown,
and your interests/availability...
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Backup
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