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- The design of SCEcal

« The simulation of SCEcal

= Energy and 3D position resolution
= y/y and y/1r separation
= Higgs =2 yy mass resolution

» PFA H->di-jet mass resolution (developing)

- Summary
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Requirement of a CEPC PFA calori

- CEPC Physics requirements

= Precision measurements with Higgs and Z/W rcaned _,:_‘gita“'

= Jet energy resolution (dEjet/Ejet- 3~4%) .

- Charged particles : 65% (tracker) Auq"‘ %

= Photons: 25% (ECAL) -

- Neutral Hadrons: 10% (HCAL + ECAL) Eser= Errack +E,+ By |
. PFA based Calorimeter (CEPC) Overlap removal

= Good Shower separation
— Small Moliere radius (Dense detector)
— High lateral granularity (~Moliere radiu
= Good Energy resolution
— Critical in some special process
= Sophisticate algorithm
— Multi-million channels(energy and timir
— Multi-Dimensional information

Status of Stereo Crystal ECal )24 3




tereo rystal lectromagnetic orimeter: Basic idea

- Crystal not pointing back to IP(Z axis) Long Crystal bar

= Angle with inner det. radius is «
= a = 0; point to IP(Z axis)
= a <= 90 degrees
- Segmentation along R
= Ex: N_I1=10 layers
- Uniform along Z
= EXx: 1 cm each seqg.

Mounting
and readout

a D~

SN
NS

CEPC: Z=6.7m

- Total crystal volumme M=19m, r2=22m

= pi*(r2°2-r1"2) * Z
« Use BGO as baseline
= ~20.5 radiation length
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tereo rystal lectromagnetic orimeter: Design

- To improve the 3D position resolution

= Pointing angle of even layers alone Z: a
= Pointing angle of odd layers alone Z: a'= -«
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Analytical optimization of SCECal gec

3 DoF. determined the full barrel design (For a given R1, R2)
= a:[0,90] : pointing angle
= N_I:[1,2,3....]: samplings along R
— correlate with the crystal size along phi and «; Typically ~1 cm
= Z: for the moment choose 1 cm segmentation, uniformly

Crystal length D = sqrt(r2*2 — r1*2*sin(a)*2) — r1*cosa
Crystal bar open phi angle phi=acos(r2*2 + r122 -D*2)/(2*r1*r2)
Phi segmentation = phi/N_|
- Total number of crystal bars per Z segmentation: 2*pi*N_|/phi
Shower depth along r S, at nt" layer:
- S,=Fy—F,
= F,=r1* ( sina /sin(a —n*phi/N_1) - 1)
Crystal thickness x,:
= X,=S,*sin(a —n*phi/N_1)
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Design of Endcap SCECal

- Total shape looks like bottle stopper not in Simulation yet
- Option 1:
= Similar idea of pointing angle definition along phi for each layer with
same polar angle.
= Adjacent layers(same polar angle) with reversed pointing angle
- Option 2:
= The pointing angle defined as angle between beam direction in (ex.
Horizontal plane) for crystals in the same horizontal plate
= Adjacent layers(same horizontal plane) with reversed pointing angle

-  SiPM Readout and mounting at outside plane(same as Barrel)

BGO+SiPM

e —
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Introduction of SCECal simulat

- Simulation and reconstruction done using CEPCSW

= Geometry implemented by Chengdong FU

= Crystals without wrapper/gap etc. (not reality)

= Simulation readout using carloStep info (no digitization)

= Reconstruction code initially provided by Fangyi Guo

= Development and reconfiguration by Huagiao Zhang and X. Zhao

- Performance of Energy, position resolution of photon:

= Different R segmentations tested: 5/10/14 layers
— 10 layers turn out to be the best

= Different recontruction method:
— Under developing

- The following study based on 10 layers segmentation on R
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Simplified Reco method for isolated particle

- Find a Cluster, energy is the sum of crystals about 30 MeV

- Hit (red points): The cross point of two nearby cluster crystal

= Geometric center of hit define its z, phi, R
= Assign hit energy as sum of the two crossed crystals
= Renormalize the total energy to the Energy of cluster

- Cluster Phi/Z/R: energy weighted phi/Z/R of all hits

R [mm]144
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Performance of Energy and 3D positioning resolution

« 5GeV Jgamma, phl 10~350°(bugfix needed around 0),theta: 90°

o Z resolution ~ 0.84 mm:
¢ R resolution ~ 7.6 mm;

Phi resolution ~ 1.9 mm
Energy resolution as function of Threshold
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Simplified Reco method for 2 particle separation

« For each layer (along Z):Find two locations with maximum energy
deposition and separate them by the min. value between them

- Merge clusters in individual layers use layer matching alg.
« Criteria on delta phi according to its point angle direction

Find crystal 1 with max
energy deposition

a

Find crystal 2 with the next
max energy deposition

<~

Find crystal with min energy
deposition between 1&2

One cluster

<

Splitinto two clusters
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Separation between two 5 GeV photons

- Two 5 GeV photons, vary distance along phi between them

« Success reconstruction: 2 neutral particles, 3.3GeV<Ey<6.6GeV for
each photon

gamma/gamma separation effciency
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Separation between y/1r

« 5GeV y/10GeV m, vary distance along phi between them
- Success reconstruction: 3.3GeV<E,<6.6GeV
« Different 1t/y separation power: pointing angle / magnetic field

separation effciency
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Event display of shower seperatic

Two 5 GeV photon, 66 mm distance Two 5 GeV photon, 165 mm distance
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Boson mass resolution in H> yy

- Sample: ZH->2neutrinos + yy at 240 GeV

- Energy, position reconstruction and separation using simplified
reconstruction method described above

- Crystal energy threshold: 2 MeV/50MeV
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+ CLUE (CLUstering of Energy):

L 4

v/y performance using CLUE algorithm

Input parameters to determine cluster seeds,
outliers and follower hits

the cut-off distance in the calculation of local
energy density (dc);

the minimum density to promote a hit as a seed
or the maximum density to demote a hit as an
outlier (pc);

the maximum distance for a hit to be linked to a
nearest higher point (d0);

the minimum distance for a local high density hit
to be promoted as a seed (0c).

Separate the raw data into
odd and even modules

=

CLUE clustering algorithm

= =

soience. 1242072

Merge odd/even sub-
Clusters

Current CMS HGCal reco. alg.
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[1] https://cds.cern.ch/record/2802590/files/CR2022_027.pdf
Consistent with simplified method, further tunning possible




Multiple particle separation (PFA)

Separation of multiple particle within jet is crucial for PFA

Suffering from
= Ghost hits (multiple hit solution)
= Multiple particle shower deposit energy in the same crystal

— Fine tuning of hit definition
— Add timing? Add readout in front of crystal(double-side readout)?

Still (long) way to be mature for PFA
= Checked clustering algorithm: calo only
= Which tracker? Which HCal?
= Which PFA?
= Detail tuning of algorithm

Preliminary thoughts and work in the following slides:
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Thoughts about Ghost hits

- Confusion of red hit with yellow ones
= Happens only in small phi/R range R
- R-range: 0-30CM
— Phi-range: -4.5 cm - +4.5 cm (10 layer)
- Large probability have hits in middle
shower depth, small chance to have
hits in small or large shower depth

- Big energy deposited in middle shower
depth hit, small in inner/outer depth

A

Phi

v

Phi range

- If ghost hits happens

= largest change of phi: ~4.5 cm, CITB: 7 2 571 e e el
* Largest change of R: ~15cm ST T DT ERe ) ey

Not yet estimated, but should be very small chance to have ghost hit have big impact
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Energy map of H>gg (di-

MCParticleG4.PDG = 22, 22, 12, -12, 25, 22, 22, 12, -12, 25, 21, 21, 94, 21, 21, 21, 21, 21, 21, 21
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350— H O
B ' o m,if’-EL L
: .".l.v."l'f‘l'. :.Ij:m:"
| ' ' R e —0.8
300 — ’ P
B TR -
250 — 2 | -~ |[=06
- | e | Lot’s of
200 - | " 04 details to
B I . figure out
150 — R it
B .o g~ 0.2
100 — |
N | | | | I | | | | | | | | | I | | | | I | | | | | | | 0
—2000 —-1000 0 1000 2000 3000

Status of Stereo Crystal ECal Jan, 17 2024 19



- Stereo Crystal Ecal

= 2D readout, 3D position reconstruction of particle shower
= Mounting and readout behind Ecal
— Radiation shielding, minimize material budget
— Uniform along Z, phi, and R: no dead regions
= Calorimeter only can provide:
— Good energy, 3D position resolution of shower
— Good di-photon, photon-pion separation
— Good higgs mass resolution in di-photon
= PFA Higgs--> di-jet mass resolution need further work
— Key: Multi-particle shower separation
— Missing: benchmark framework in CEPCSW
- Trying to reproduce one previous PFA benchmark in CEPCSW
- Thanks to Manqi, Yuexing, Shensen, Guangyi...

- Choice of crystal/SiPM/electronics benefit from other studies
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Configuration of 5/10/14 layers along R

- Taget: change layers along R, keep similar Z/phi segmentation
= 5layers: a=10’; crystal size: [9]*10*304 mm3, n=1309 * 671;
- 10 layers: a=20"; crystal size: [8.8-8.9]*10*316 mm?, n = 1276 * 671
= 14 layers: a=30"; crystal size: [9.1-9.4]*10*339 mm3, n = 1141 * 671
- Simulated 30 GeV photon pointing at theta = 90, phi = [10-350]
- Simpler clustering algorithm with threshold of 1 MeV

- Energy/Z resolution do not change for different layers along R

h 200 h E h
1 .
i 499 ntri 498 Entries

0000000000000

10 layer 14 layer

S layer

(R RN L RN RN LR
R L B
R A A L N

........................................................

E std. dev. ~0.5%@30GeV

Status of Stereo Crystal ECal



Existing crystal ecal performanc

Two 5 GeV y’s

Sketch of ECAL in r-z plane

gamma/gamma Separation Efficiency

Separation power of two 5 GeV y’s in parallel
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https://indico.ihep.ac.cn/event/15229/session/15
/contribution/11/material/slides/0.pdf
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Typical crystals (From Ren-yuan

Crystal Nal(TI) CsI(TI) Csl BaF, BGO LYSO(Ce) PWO PbF,
Density (g/cm3) 3.67 4.51 4.51 4.89 713 7.40 8.3 7.77
Melting Point (°C) 651 621 621 1280 1050 2050 1123 824
Radiation Length (cm) 2.59 1.86 1.86 2.03 112 1.14 0.89 0.93
Moliére Radius (cm) 413 3.57 3.57 3.10 2.23 2.07 2.00 2.21
Interaction Length (cm) 42.9 39.3 39.3 30.7 22.8 20.9 20.7 21.0
Refractive Index @ 1.85 1.79 1.95 1.50 215 1.82 2.20 1.82
Hygroscopicity Yes Slight Slight No No No No No
Luminescence P (nm) (at 410 550 310 300 480 402 425 ?
peak) 220 420
Decay Time P (ns) 245 1220 26 650 300 40 30 ?
0. 10
Light Yield € (%) 100 165 3.7 36 21 85 0.3 ?
4.1 0.1
d(LY)/dT ® (%! °C) -0.2 0.4 -1.4 -1.9 -0.9 -0.2 -2.5 ?
0.1
Experiment Crystal BaBar KTeV (GEM) L3 Comet CMs A4
Ball BELLE BELLE TAPS BELLE {Mu2e,SuperB) ALICE g-2

BES Il HHCAL?

a. at peak of emission; b. up/low row: slow/fast component; c. QE of readout device taken out.
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