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Development of a novel high granularity crystal
ECAL for future lepton collider experiments -
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on behalf of the CEPC calorimeter group and CALICE collaboration Institute of High Energy Physics
Institute of High Energy Physics, Chinese Academy of Sciences Chinese Academy of Sciences

Introduction » DESY beam test with 1~5 GeV electrons @ TB 22

Energy response: influenced by beam momentum spread.

> CEPC: Future lepton collider as a Higgs/EW factory * Timing response:
e MIP level: ~ 1.8 ns.

« Shower level (with pre-shower): 0.2 ns.

* Precise SM particle measurements & direct BSM search.
» Detector requirement: PFA-oriented.
» Jet energy resolution < 30% /vE, Boson mass resolution < 4%.

» A homogeneous ECAL : orthogonal arranged crystal bars.
« Bar size ~1x1x40 cm?, while reconstruct 5D info (x,y, z, E, T).

+ EM resolution ~3%/VE

* Main challenges:
« Hardware: large dynamic range, time measurement, mechanism design.
« Software: dedicated reconstruction algorithms.
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‘ Crystal Scinﬁlla‘ior (eg. BGO, LYSO..)
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Lab R&D activities Dedicated PFA algorithms

> Uniformity scan for 40 cm BGO crystal bar » Main challenge with traditional PFA
» An automated crystal scan platform. « Severer energy overlap in crystal: larger Ry, and X,/4;.

»  Good uniformity along a single bar: ~2.5% * Ambiguity in orthogonal arranged bar: 2D — 3D
» ~ 5 particles in the hottest 40x40 cm? module in CEPC.

Scan platform with **’Cs source Uniformity scan along bar . . .
. L . * A series of pattern recognition algorithms are developed.
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* Separation power:

+ v — separation: 22 mm @ 100% eficiency.

» y —m separation: 50-100 mm @ 100% efficiency
> Prototype module development * Physics performance in ee - ZH — vv + 2jets @ 240 GeV:

* 212X12X12 cm® crystal modules with 2X2X12 cm* BGO bars. » Reconstruction: truth track + crystal ECAL + plastic scint. HCAL
» Readout: 3X3 mm? SiPMs with 10/15 pym pixel, two-side readout. * my; = 128.3 £ 5.6 GeV, mass resolution 4.36%.
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» MIP signal in CERN muon beam test (1st module only) Conclusions

* Beam test @ PS T9 for MIP signal and calibration. > A novel crystal ECAL design for the future lepton collider
* Got successiul commissioning and clear MIP peak irom 1st module.  Extreme EM resolution, timing info available, compatible with PFA.

* EM resolution: need better understanding on MC digitization.  Critical issues are studied in system level: mechanics, electronics,

2023 CERN beam test overview Energy deposition in 10 GeV u~ beam integration, etc.
(parasitic run with CALICE-CEPC calorimeter) 514000‘_Work|npr ....... ress ............... ............... ...... « Next beam test at CERN PS-TQ, June 2024

CALICE-CEPC Brof [ [CGaussSigma = 543610062 | - » Possible to provide beam Ap estimation for DESY TB-22.

calorimeter prototypes R LandauSigma = 4.0000 + 0.0016 |

oW ECAL omb | ey = sz 0029 - * Preliminary physical performances with new PFA are promising.
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