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Motivations

ÅBackground: future lepton colliders (e.g. CEPC)

ÅPrecision measurements with Higgs and Z/W

ÅWhy crystal calorimeter?

ÅHomogeneous structure

ÅOptimal intrinsic energy resolution: σͯϷȾὉἅ ρͯϷ

ÅEnergy recovery of electrons: to improve Higgs recoil mass

ÅCorrections to the Bremsstrahlung of electrons 

ÅCapability to trigger single photons

ÅRich flavour physics at Z-pole, potentials in search of new physics, é

ÅFine segmentation

ÅPFA capability for precision measurements of jets
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3D crystal ECAL: past workshops
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ÅIdeas firstly proposed: CEPC calorimetry workshop (March 2019)

ÅFollow-up workshop: Mini-workshop on a detector concept with a crystal ECAL

ÅR&D efforts targeting key issues and technical challenges

Virtual mini-workshop on a detector concept with a crystal ECAL,

July 22-23, 2020, https://indico.ihep.ac.cn/event/11938/

https://indico.ihep.ac.cn/event/9195/
https://indico.ihep.ac.cn/event/11938/
https://indico.ihep.ac.cn/event/11938/
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R&D efforts targeting key issues and technical challenges

ÅKey issues: performance studies and optimization 

ÅSegmentation: in longitudinal and lateral directions

ÅPerformance: single particles and jets with PFA -> separation, energy splitting

ÅImpacts from dead materials: upstream tracker, services (cabling, cooling)

ÅFine timing: e.g. for positioning

ÅDual-gated or dual-readout techniques (to improve hadronic energy resolution)

ÅCritical technical questions/challenges

ÅDetector unit: crystal options (BGO, PWO, etc.), SiPMs (HPK, NDL, etc.)

ÅFront-end electronics: cornerstone for instrumentation of high-granularity calorimetry

ÅMulti-channel ASIC: high signal-noise ratio, wide dynamic range, continuous 

working mode, minimal dead time, etc.

ÅCooling and supporting mechanics design

ÅCalibration schemes and monitoring systems: SiPMs, crystals and ASICs

ÅSystem integration: scalable detector design (modules), mass assembly, QA/QC
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3D crystal ECAL: 2 major designs
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ÅLong bars: 1×40cm, double-sided readout

ÅSuper cell: 40×40cm cube

ÅCrossed arrangement in adjacent layers

ÅSignificant reduction of #channels

ÅTiming at two sides: positioning along bar

ÅLongitudinal segmentation

ÅFine transverse segmentation

ÅSingle-ended readout with SiPM

ÅPFA-oriented design

ÅHigh channel-count, impact from services 

Design 2

Incident

particles

Design 1

Incident

particles

Crystal bars SiPM FE+PCB Cooling + Support
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3D crystal ECAL: 2 major designs
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ÅDesign optimisations

ÅTransverse: separation power

ÅLongitudinal: impact from dead material,
leakage correction (backup)

ÅNeutral pion reconstruction (working)

Design 2

Incident

particles

Design 1

Incident

particles

Crystal bars SiPM FE+PCB Cooling + Support

ÅMultiplicity of incident particles (jets)

ÅBased on physics benchmarks (backup)

ÅDigitisation in each long bar: done

ÅReconstruction algorithm under development

ÅEvent display and (pattern) reconstruction
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Longitudinal segmentation optimisation
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ÅFull simulation with SiW-ECAL via the benchmark Higgs to 2 gluons

Å10 longitudinal layers or more in ECAL can help achieve better than 4% of BMR

ÅExpect small impact from ECAL intrinsic energy resolution (PFA fast simulation)

ÅGuidance for the longitudinal segmentation

ÅWill perform more benchmark studies for crystal ECAL in the CEPC detector simulation

Boson Mass Resolution vs #Layer in ECAL

Full simulation with
SiW ECAL (CDR), by
Yukun Shi (USTC)

Yuexin Wang (IHEP)

PFA Fast Simulation
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Crystal transverse size optimisation

ÅStudy of the separation performance of gand merged p0

ÅCan not be distinguished in transverse shower profiles

ÅEnergy-related variables defined for TMVA

ÅS1/S4, S1/S9, S1/S25, S9/S25, S4/S9, F9, F16
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Crystal transverse size optimisation

ÅSeparation performance of the 40GeV gand merged p0
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100% separation with variables like S1/S4, S1/S25 and F9100% separation with most variables

Crystal transverse size: 1x1 cm²
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Crystal transverse size: 2x2 cm²

Preliminary studies show that 2x2 cm² transverse size can well separate Ⱦ“ up to 40 GeV.

Next: what would be the performance of “ reconstruction (with different transverse sizes)?
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Longitudinal segmentation: impact from services
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ÅEnergy resolution with different numbers of sampling layers
Å24X0 total depth for crystals: fixed in all scenarios

ÅUsed copper to model the inter-layer services (e.g. cooling)

ÅLight materials will be considered for realistic cooling designs: Al, carbon-fibreé

Note: energy fluctuations and leakages dominate; impacts of digitization in the next page
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