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Introduction: PFA Calorimeter

* A high precision Higgs / Z factory
— Significance of heavy bosons
depends on mass resolution, and
separation also require jet energy
resolution 3~4%
— Fine y/mreconstruction.
* Reconstruction of every single particle
in the event
— Charged particle momentum
measured in tracker.
— Photon energies measured in ECAL.

— i - | e T
Neutral hadron energies measured in !5' ki

HCAL.
* Particle flow approach (PFA) and

Imaging Calorimeters
 |dentification of energy deposits
from each individual particle.

e Combination of the information of
tracker and calorimeters.
e Hardware + Software
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Physics Detector Performance

Measurands

process subsystem requirement

I I 1 —
ZH.Z —we'e .pu'p mp.o(ZH) Tracker Ar(l/pT)
H — it~ BR(H — putp™) 2% 107° @ D.0u1

P(GeV) sin372 0

Org =

H — bb/cc/gg BR(H — bb/cc/gq) Vertex

5 10
5@ SEmry amErza (Mm)

ECAL

H — qq. WW*, ZZ* BR(H — qq, WW™*, ZZ*)

jet
"’JE /F =
3 ~ 4% at 100 GeV

HCAL
AF/E =
H >~y BR(H = vv) ECAL 0.20 / 001
W E(CeV) @ 0.
s
S e
il L
e,
e || I

Weekly group meetings https://indico.ithep.ac.cn/category/748/

_ Charged ;'
- Hadrons
EJET = Evrack t E-; +E,

b Neutral —
" |Hadron

Wider participation/collaboration are welcome!


https://indico.ihep.ac.cn/category/748/

Introduction: Crystal ECAL vs Si-W ECAL

2 2 2 2
OTrack + OHad +Oem + aConfusion

Crystal ECAL: BGO
. . ~3% Ojet =\/
e Optimal energy resolution 75 D ~1%

— Better jet energy resolutior.1 0.17 V Ej Confusion is the limiting factor in PFA.
* Larger Ry, = larger lateral width of a Correctly assign calorimeter energy deposits

shower N to the correct reconstructed particle.
— Increase probability of showers’

overlap Material X, /cm Ry /cm A;/em  A;/X,

 Larger A;/X, = longitudinal W 0.35 0.93 9.6 27.4
development is determined by A, BGO 1.12 223 22.8 20.3
— Increase probability of hadronic Ratio 3.2 2.4 2.4 0.74

shower in ECAL
Component Detector Energy Energy Jet Energy
Fraction Resolution Resolution
Charged Particles (XT) Tracker ~0.6 E; — —
Photons (y) ECAL ~0.3 E; 0.15 /Ey 0.08 /E]
0.03 E, 0.016 /E;

Neutral Hadrons (h°) HCAL ~0.1 E; 0.15 /E o 0.17 \/F] 3




Horizontal Crystal Bar Solution for ECAL

ECAL design

Material: BGO

: . ~39
Optimal energy resolution \/E/O D ~1%

Long bar size: 1 X 1 X ~40cm3
Time measurement at both ends for position
along bar.

Crossed arrangement in adjacent layers
Super Cell: two adjacent layers

Cube: ~40 X ~40 X 24X,cm3

Significant reduction of number of channels

Basic Module

' Crystal Scin‘rillaffr' (eg. BGO, LYSO..)

I 1x1x40cm ﬂi
\Phofodefecfors (eg. FPMT, SiPM.../'
>

IIII/
I

Key Issues
* Ambiguity caused by 2D
measurements

* Separate energy deposits from
different particles

Reconstruction is a big challenge
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Geometry Construction

A BGO crystal barrel ECAL
Crystal Bar:
* BGO: Xy, =1.12cm, Ry, = 2.23cm
* Size: 1 X 1 X ~40 cm?
* Both ends readout
Basic Detection Unit — Super Cell
* 2 layers of perpendicularly crossing bars

* Size: ~40 X ~40 X 2 cm3 P
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Simulation and Digitization

e A full simulation for extraction of time resolution

» Simulation is performed using GEANT4 Alr gap ESR wrapping
> Electromagnetic interactions z- end z+ end
 Digitization for one long crystal bar SiPM Lo
» Contribution of each G4step i -100mm-,
_ L/Zizi 7

Qy = Ey-e Lawen, T =T,+ Gaus(z,/v, or)

» Readout at both ends: @ and T’

_ ; _rk | (vk i
Qs = Xstep @3, T+ =T¢ | (Zi:l Q1 > thres)
Simplified Conditions: Lytten, = ©© e TR
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Hit Reconstruction

In a super cell
(v;, E;) .. Zi+Z;
Hit n * Position: (x;, ¥;, ‘2 1)

2 layer 40+40 . . . . .
=4 1x1x40cm® ® Energy: use energy distribution in adjacent
< crystal bars layer as fractions
- hiti]‘

Erec _
(xi, E;) . E]
‘index i | —
Reconiruction
Hit
oYy Erec 1 layer 40%40
5 1*1*2 ¢m3
2 cells
“index i
2D measurements provide 3D information §




Reconstruction: Clustering and Splitting

In each layer / 1D reconstruction:

Clustering / Seed Finding =2
. . £
> Neighbor clustering R
. . Seed v _g#

» Local maximum and seed candidate E; > E;), 1
Energy Splitting

> Ngpeq = 2 && second moment S > Sy, (0 now)

i : . €XP _ pseed
» Energy of shower p deposited in bar i: E; | © = E;°°% X f(xi —x.|)
exp
TH — i — i
» Energy splitting: E;, = wy, X Eppeq = W X Epea
"=iu
F_Eprofile A 2 — Ermiethary 24 E - Entriel-;ibarx 27
g 15— EEZSSV 5.1153 :_:;: - Showerl Std Dev  26.64 1_6; - Showerl SdDev 254
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e b1 Pg F X 08% os:
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Reconstruction: Energy / Time Matching

Showers in perpendicular X/Y bars of one super cell come from one particle
In one super cell (2 layers)

: : Ex—Ey)?
* Define yz for energy matching: yz = ( Xaz 2
E
)
* Define % for time matching: y% = (ZZT Z;/)
CTS 4—()}Z(t)
- 2 _ 241, 2 2
* Define Xpoint = Xg Tt 2 ()(Tx + XTy)
* Totally N! combinations: y? = ?,:1 )(gomt
one layer of a supper cell x2 =319 x2, =52.3
X11 X12 %w B ‘ﬁw
[ T 17T [T T T 100

P N U U DU P R R
140160180200220240260280300320

x/mm
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Reconstruction: Energy / Time Matching

Energy and time matching in one layer of a super cell ,

1
X;%oint — Xlz:‘ + E (X’Iz"x + X?Z"y)

Depth/mm| Nshower] Eshowerl Eshower2
20 1 0.051 — —
40 1 0.527 o B e e S—
60 2 1.378 0.135 L ol iy (R S "
80 2 1.781 1.313
100 2 2.138 2.192
120 2 1.507 2.252
140 2 0.715 2.070
160 2 0.547 1.171
180 2 0.314 0.540
200 2 0.218 0.346
220 1 0.275
240 1 0.146 PO 5
260 1 0.067  cowtsdwlhdulubiuaun ¥y ol o8

Energy and time matching provide a solution of ambiguity / ghost hits!
Better performance is expected with further optimization. 10



Some Validations
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Performance Checks

Performance check with photon events: correct rate, position resolution

PreRec_Nshower

htemp

F H Enties 1000 E 3
900|— Mean 1.003 = L
E Std Dev_ 0.4103 X F
800F— £ o2f
700 ; E
E 1=
600 C
= o
400}~ . o c x residual and resolution.
00~ Single photon 'nJeCt'or;' F Scan the inject position
200 E(Nshower = 1) = 94% -2 from -1cm~1cm
mn; C . .
g 2 x | e Need position correction.
C L I T T N T I S s AR . S L=
% 1 2 3 4 5 6 =
PreRec_Nshower K/ MM
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More seeds / showers are found in latter half of the cluster development.
Possible introduce more confusions, Optimization is expected. 12



Discussions: Multiplicity
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Wang Yuexin, et. al., Crystal ECAL Workshop 2020 13



60+ algorithms for fine-granularity detectors

Pandora
o ° <:] ’ Algorithm
’ 0)0) a)’ —

. * Highly granular sampling
u( <, calorimeter: e.g. Si-W
Topological S )
Association
i Algorill:ms |:> B“{‘ t

Discussion: Clustering

> Best separation for narrow
Cone -scattered Looping
sssss iations racks racks
B : showers
Track-Cluster
[ l\ \ <:] Association t :
O Alaorith 38 GeV 18 GeV
C|us:erﬁ.-s:\\*.._“§( Projected track ’ gortams ‘. ‘.
layer position g’\\f& ~{__ position
N\ -
NE

Reclustering

» W: Xg~3mm, Ry ~9mm

o = ky e > Active elements: ~0.5cm?
soritrs =2 o segmentation

— ' | > Each ECAL hit associate

3 Gev Fragment Remova

i‘;ﬁw . G <:I | Algorithms \\X

with one particle, no

R A sharing.

PFO Construction BTN e
Algorilthms| l:> e

Neutral hadro

v

9 GeV
La;

yersinc Fi
contact

nnnnnn

\

n Photon \ Charged hadron

* Crystal calorimeter: e.g. BGO
» BGO: Xo~1cm, Ry ~2cm
Beo > Larger lateral development
require a high performance
X , energy splitting algorithm

> R&D of a new PFA software

photon clusters, while the other three display shows nearby hadron showers

for dedicated crystal ECAL
Figure 7: Nearby showers reconstructed by Arbor. The display at left corner shows three nearby Cryst a I S h owers
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Plan and Summary

 Particle Flow ECAL requires an efficient separation of
showers from charged hadrons, photons and neutral
hadrons, the confusion term dominate the jet energy
resolution.

* Crystal has better energy resolution, larger X,/R,, and
shorter 4;, to foresee more overlap.

* Ambiguity of perpendicular crystal bars is promising to
be removed with established software solution.

* Enormous potential for advanced reconstruction
techniques dedicated for crystal ECAL making full use of
the 5D information (x,y,z,E,t).

Thank you for your attentilg)n!
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