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Introduction

+ CEPC: Future circular e*e™ collider experiment
* Aiming the precise measurement of
Higgs/EW/top/flavor physics & BSM search.

* Detector requirement:
- Jet energy resolution < 30%/+VE.
-W/Z — qq separation: BMR~4%.

m) Particle flow approach
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* PFA and current PFA-originated calorimetry: hardware + software

Hardware: separate clusters from different Software: correctly assign calorimeter energy
particles. deposits to the particles.
- High granularity. - Clustering
- Compact sampling structure. - Pattern recognition.
tracker ECAL HCAL tracker ECAL HCAL tracker ECAL HCAL
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Introduction

* Homogeneous crystal ECAL for CEPC Ja ey Jo e
* A 5D detector for PFA: spatial + energy + time. - i e
« Better EM resolution o /E~3%/VE for: oo
« ¥ reconstruction in flavor physics
* Photon recovery from bremsstrahlung OAOOOE‘_aé'a_sxa_se‘abg"o‘_{‘5.42“5.'1;'5_4;5_45‘5_2 M;; R A, S
M (y,y,) [GeV] Reconstructed momentum [GeV]

JINST 15 P11005 (2020)
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Introduction

3 Hoone epsim . o1a. | Geantd simulation
* Homogeneous crystal ECAL for CEPC e T Jo e
* A 5D detector for PFA: spatial + energy + time. EZZZZ? s s
- Better EM resolution o5 /E~3%/VE for: "
« ¥ reconstruction in flavor physics
* Photon recovery from bremsstrahlung M(m[GeV] N i o

JINST 15 P11005 (2020)

* A novel concept: orthogonal arranged crystal bars
* Minimized dead material in the module.
* O(10) less readout channels than HG ECAL.

Crystal Scinﬁllaf‘or (eg. B6O, LYSO..)

( 1x1x40cm* @

\Photodcfecfors (eg. FPMT, SIPM.../'
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Introduction

* Homogeneous crystal ECAL for CEPC ety gort — e
. £ L ok 012
* A 5D detector for PFA: spatial + energy + time. &

L X/XR=0.4

* Better EM resolution GE/E~3%/\/L_? for:

« ¥ reconstruction in flavor physics )
* Photon recovery from bremsstrahlung Lomsismshsrsusiasnsin o
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* A novel concept: orthogonal arranged crystal bars
* Minimized dead material in the module.
* O(10) less readout channels than HG ECAL.
* Facing challenges in reconstruction:

N
N\
* From 2D to 3D: cross location y N \\5
Reconstruction [) =
N
- Ej)~ N
N Hit
Cross-location g (i, ¥j» Evec)

(xi, Ey)
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Introduction

P

filHomogeneous crystal ECAL for CEPC

* A 5D detector for PFA: spatial + energy + time.

* Better EM resolution GE/E~3%/\/L_? for:

« ¥ reconstruction in flavor physics
* Photon recovery from bremsstrahlung

Geant4 simulation
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* A novel concept: orthogonal arranged crystal bars
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* Minimized dead material in the module.
* O(10) less readout channels than HG ECAL.

* Facing challenges in reconstruction:

* From 2D to 3D: cross location

* More shower overlap with larger crystal Ry, and X, /4;.

Homogeneous Sampling SiW ECAL
BGO ECAL (with threshold)
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Introduction
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* A 5D detector for PFA: spatial + energy + time. i ok

L XXTFK = 0.4
- Better EM resolution oz /E~3%/VE for:
« 1% reconstruction in flavor physics )
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* Minimized dead material in the module. 8
* O(10) less readout channels than HG ECAL. 3000§_§ nl;n__ 'n | M — 3 f,i‘;’f;’;d_ﬁ 7
* Facing challenges in reconstruction: 2000? J5=240GeV e E 6
* From 2D to 3D: cross location _ 1000;-@ | ] i
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Simulation

- Detector geometry
* Global: octagonal ECAL,R =1.86m,L = 6.6 m,H = 28 cm
Crystal Bar: 1X1x40~60 cm?
Super Cell: 2 layers of perpendicular crossing bars ~40x~60x2 cm?3
Ideal geometry: no dead area, supporting, mechanics, etc.
Ideal digitization for energy and time.

i R BR o A O |
ey

* Event display:

e*e” - ZH - vv + 2jets,
/s = 240 GeV AN
T
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Simulation

. Optimized geometry: 32-side trapezoid ECAL
* More compact structure, smaller HCAL R;,.
* Minimized cracks between modules.
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Reconstruction algorithm

A pattern recognition PFA

/ Calorimeter Hits /
Y
Track Clustering
Extrapolating v
Local max finding Read-in and preparing
, ‘ Software task:
[ Track Matching || Hough Clustering Cone Clustering ] = CIUStermg
* Pattern recognition.
l oy . L O
Py Pattern recognition: * Overlap: energy splitting.
xis Merging simplify the ambiguity problem « Ambiguity problem
Energy Splitting Overlap splitting
¥
Energy & Time Matching Ambiguity removal

/ Particle Flow Object /
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Reconstructlon algorithm

- “Global neighbor clustering for pre-processing. e
* Clustering

* Pattern recognition.

I - :. = =AW e * Overlap: energy splitting.
Crysta| bars Cluster in 2 T = 2 . \ * Ambiguity problem.
: >

Software task:

|rect|ons

* Shower recognition:
* Use the local maximum to simplify the pattern in homogeneous ECAL
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Reconstructlon algorithm

. Global neighbor clustering for pre-processing. Software task:

* Clustering

; o T B T * Pattern recognition.
I 3 i ST Ty * Overlap: energy splitting.
: : I =25 WS g * Ambiguity problem.
Cluster in 2 &
Crystal bars '
N {_'
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Reconstruction algorithm

« Shower recognition:
* 3individual algorithms for different type: track-match, Hough, Cone-clustering.

* A set of topological cluster merging. Software task:
* Clustering

o * Pattern recognition.

st * Overlap: energy splitting.
t ,apo\ ted point 2N * Ambiguity problem.
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Reconstruction algorithm

* 3individual algorithms for different type: track-match, Hough, Cone-clustering.

* A set of topological cluster merging.
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Software task:
* Clustering

* Pattern recognition.
* OQverlap: energy splitting.
2 photons, E, = 5 GevV

D3




Reconstructlon algorithm

Software task:
* Clustering

° Splltl'lng for the overlapped shower: * Pattern recognition.

. * Overlap: energy splitting.
Calculate the expected energy deposition from EM profile. « Ambiguity problem.
* Expected energy : E; ** = EZ®UXf(lx; —xc) oy o - -
. . Elelfp 150F ' .. :Z;: _____ Showerl Std Dev  26.64
* Assigned weight: w;, = > exp 100} ||||'|l| Jili] i o Shower —
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* Ambiguity removal: e I )
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* Information from: track, neighbor tower, time.

Track

time
info

Neighbor
module
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Preliminary performance

':‘Single photon reconstruction
* Efficiency: ~100% for >1 GeV photons.

* Energy resolution: related to digitization model.

* A realistic model is under development, including crystal scintillation @ ADC digitization and gain
modes.

* Parameters in the model comes from lab experiments.
Also in Zhiyu Zhao's talk
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Preliminary performance

* Close-by particle separation
* Key performance in PFA reconstruction.
* ¥ — y separation: 2.2 cm @ 100% efficiency.
* ¥y — 1 separation: 10 cm @ 100% efficiency.

Y — ¥ separation for 5 GeV photons Y — m separation for 5 GeV y and T~
]_00_'— VRS A N :;:VV,;:-: 100_I MO A . 0
: Y1 Y2 :
. 80f g o 801
o~ I o~ I
S~ o ~~ L
- I -
> 60} > 60;
g I ! o I
E | T
[ —#— 2 Hough ] |
20¢  oro : 20; 2PFOs
L ERETSY | —e— Position efficiency
0-_ | —— Energy + Position ] O-_ —=— Position + Energy i
PR N T S S R ST ST SR S S S S R S ST S BN S vl by e by e by e by oy e by e by ey by
—40 -20 0 20 40 -200 -150 -100 =50 0 50 100 150 200
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Preliminary performance

« Physics performance: H - yy
* Pure channel for ECAL performance, a benchmark channel for physics.

* The preliminary digitization model is considered.
Edep

inc

* An energy correction for longitudinal leakage: = po + pq - CoreEneRatio + p, -

TrmaxRatio. Crack regions are excluded.
L L L L L R LA
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Preliminary performance

+ Physics performance: ete™ - ZH - vvgg
* Boson mass resolution (BMR) of di-jet event is essential for CEPC detector.
* Only consider ECAL reconstruction: truth tracker + rec. ECAL + truth HCAL.

2
mHiggs = J(pmc charged particles + PEcAL neutral clusters + Ptruth HCAL neutral clusters)

200
180
160
= 1Mi Already included:
1‘213;_ Prellmlnary - Intrinsic energy resolution of ECAL and HCAL.
100F mj; = 125.52 GeV - Reconstruction efficiency in ECAL.
80 o(m;) = 4.56 GeV - Confusion and ambiguity in ECAL.
60 BMR ~ 3.63% - Track mis-matching.
40F- Missing for a full PFA:
20 }{{ - Track efficiency and resolution.
- ﬁg,,.,h,,“,;,,m,, - HCAL efficiency and confusion.
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Summary and prospects

* A novel crystal ECAL design for CEPC Reference detector
* Optimal EM resolution, excellent low energy sensitivity, lower cost.
* R&D progresses in hardware are introduced in Zhiyu’s talk.

* A dedicated pattern recognition PFA
* Main challenges are the shower overlapping and ambiguity.
* Very promising separation power and a preliminary BMR are derived.

* Next step: a full PFA with:
* Optimized 32-side ECAL geometry.
Realistic digitization model.
Energy correction for the cracks between modules.
Full tracker and HCAL reconstruction.
For better understanding: decouple the contributions in current BMR / JER.

Thank you for your attention!
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