Crystal Ecal
reconstrcution




Reconstruction

Key issue for crystal bar Ecal design: pattern multiplicity and their
confusion when multiple particles hit at one module(ghost hits).

o 1 particle

o 2 particles

Basic module in
long bar design

o 3 particles T T

3*1 3*3 2%2 3*2
Casel Case? Case3
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Hit Reconstruction

Digitalization

>

< 1D clustering )ir};g;:é:sbars

RecAlgl: Energy

Splitting Alg(ESA).

N,/N,: shower number
in X/Y direction.

Casel
RecAlg2:
match+ESA

Case?2

Chi2 matching.

Remove »|  RecAlgl: ESA

matched bars

Case3

\

A4

PFA

\% Energy-Time-Matching

(ET-Matching) ESA

Reconstruction Algorithm
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1D Clustering

Pattern recognition
o Bar energy threshold: 200keV (0.1MIP)

> Neighbor clustering

o Seed candidate: E > EseEd and local max. Calculate second momentS.

o Splitting: Ngppq =

° Nshower

o

o

For bar i, energy belongs to shower i is E?XP

f(x) = py exp (22

Weight w;, =

2 &&S > S, (0 now).

seed- EaCh shower contains all bars in the cluster, but with different weight.

exp
_ip

ex
SuE"

)+ p3exp(

) from fitting shower profile to truth MC.

Iterate until shower position converge or = 20 times.

= Egee x f(x; — xc ).
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1D clustering

Shower splitting
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1D clustering

Shower position resolution
o 1 single 10GeV photon, requiring only 1 shower.

PreRec_shower0Z-230 {PreRec_NshowerX==1} PreRec_shower1Y {PreRec_NshowerY==1}
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o Resolution depends on shower position:
o Shooting at the edge of 2 bars will have better resolution.

o Expect to see a wave curve of o, — x between 1.2mm and 1.8mm.
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Hit Reconstruction

Digitalization

1D clustering

Merge X/Y bars
to showers.

RecAlgl: Energy
Splitting Alg(ESA).

N,/N,: shower number
in X/Y direction.

Chi2 matching.

Remove
matched bars

A 4

RecAlgl: ESA

Case3

Casel
RecAlg2: \\
> PFA
match+ESA /
W/
\
\% Energy-Time-Matching

(ET-Matching) ESA

Reconstruction Algorithm

2021/1/4 7



2D matching

Basic concept: shower in X/Y bars comes from one photon.

o

(o]

— 2
—( x~Ey) . x% from time: y2 = —(ZT Zy)

Define x? from energy: x£ = 2 2 52
E Os z(t)

o

Define xppine = Wik * X§ + WTLT * (Xx + X%y)- (for each showerX/Y ).

Totally N! combinations. y? for combination: y? = {V 1)(pomt

o

(o]

Time resolution is 500ps.
E.g. (one layer)
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2D matching---energy

2 _ . 2 WiT 2 2
Xpoint = WIg * XE + 2 * (XTx +XTy)
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2D matching---energy

Check energy and time in one super-layer
o yZ: energy deposition is difference in X/Y layer due to longitude profile.
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2D matching---time

2 i 2 , Wir 2 2
Xpoint = WIg * XE + 2 * ()(Tx + XTy)
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2D matching---time

Check energy and time in one super-layer
o y4:small chi2 due to large position resolution.
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2D matching

3 hits in one module

3 Layerl (1*1)
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Summary

Ghost hit problem can be solved:
o Shower pattern can be recognized from 1D clustering.

° |t’s possible to use energy + time matching to remove ghost hits.

° Only few cases need time information. Track + energy can deal with most

cases in jets.

gi-
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Next step: Ty |

T

o Get a statistical result.
o Parameters in the algorithm need optimization.

o Consider the longitude shower profile for energy matching and splitting.

o See jet energy resolution and BMR.
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Hit Reconstruction

Hit reconstruction: cross locating of bars.
.+ .
> Position: (x;, yj, (ZLZZJ))

» Energy: use energy distribution in cross bars as fraction:

Truth-level Simulated hit: merge G4steps in each 1*1*1 cm? cube as a truth hit.

L : T1-T2 : :
Time information: X = xp4 + — V. Match x1 with x; to veto ghost hits.
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