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Introduction

« Cluster-splitting is an important algorithm in EMC reconstruction.
« The purpose of the cluster-splitting is to separate clusters that are close to each other.
« In this presentation, we improve the cluster-splitting algorithm in the following ways:
« Update the lateral development formula
« Correct the seed energy
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EMC reconstruction overview

1. Cluster finding: a contiguous area of crystals with
energy deposit.

2. The bump splitting
® Find the local maximum: Preliminary split into
seed crystal information

® Update energy/position iteratively
® The spatial position of a bump is calculated

via a center-of-gravity method

® Lateral development of cluster:

Etarget = Eseea€Xp(—2.57/Ry)
® The crystal weight for each bump is
calculated by a formula




The Cluster splitting algorithm

® Initialization:

Place the bump center at the seed crystal. o the target crystal

e the seed crystal
® Iteration: the shower center
1.Traverse all digis to calculate w..

wa)erp (= 2ISTA@_bEnergy for the target

=S Eooen), (251, Ry OV Brarger

Wi

i or j : different seed crystals i :
R,,: Moliere radius (E
r;: distance from the shower center to the target crystal

2. Update the position of the bump center.

3. Loop over 1 & 2 until the bump center stays 1 1
stable within a tolerance of 1 mm or the number
of iterations exceeds the maximum number of
iterations.

The Eiarget is calculated using the lateral development formula



The lateral development

Etarget

The previous lateral development formula = exp(— 2.57/Ry) has no consideration of

seed

crystal granularity, detector geometry and energy of particles.
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Parametrization

The function form used for fitting:

_ Etarget _ D1 _ r pa
f@r) = oo TP [—@E(r)], §(r) =1 —porexp[— <p3RM> ]

Where p,, p,, p; and p, are parameters.

71 crystals - 11 fypes of crystals - & modules
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« We consider the
dependency of the
parameters on energy
and polar angle.
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Fitted parameters of the lateral developmer

1.0GeV & 6 24.27°

0.5GeV & 6 24.27° 0.3GeV & 6 24.27°

6.0GeV & 6 24.27°

Fitting Resmrjic’rcn;
/E};Z:;q;t B exp{—g—;f(r, P2 P, Pa)} E(r) =r — pyrexp[— <p ; >P4] ( Ry = 2.00 cm) \
p(Ey,,0) = —0.384 x exp(3.88 *E,) + 5.44 x 107> * (6 — 97.7)* + 2.6 o
p,(E,, 0) = —0.352 * exp(4.21 * E,) + (—3.94) » 1076 = (6 — 69)? + 0.932
p3(Ey, 0) = 0.151  exp(4.52 * E,) + (—2.14) * 107> * (6 — 91)? + 0.841
QM(E),, 0) = —3.51 = exp(\1.15 «E,) +2.26 % 107 * ( — 80.\3)2 +4.96 -
T~ T~
Energy dependency Angle dependency



Seed energy correction

[ Of Tgppq:
the distance

- In the old PandaRoot, the seed energy is used to calculate the E. ;. gor = Eseeq X f(r) | from the center
of the Bump to
the geometric

« If the shower center does not coincide with the crystal center, E..; needs to be center of the
corrected crystal.

Old PandaRoot version Updated version

the target crystal
® the seed crysta‘
the shower center

the tairget crystal
® the seed crystal'
the sHower center
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Seed energy correction

In the new update, E¢,,4.: can be calculated by the lateral development f(r): [ O Typeq:
Etarget = Eseeq’ X f) the distance
E,..q, Which is not available in the reconstruction algorithm, can be related to the E,..;: | from the center
i _ Eseed of the Bump to
seed’ — £ the geometric
In the end, E;44¢¢ Can be calculated as (f( — as the correction factor) : centterl of the
Tsee crystal.
E Eseed Xf(?’) y
target f(rseed)
Old PandaRoot version Updated version
e SRS o —
the tairget crystal ' Erarget | the target crystal ' Etarget
® the se,*ed crystal' ;; ; . @ the seed crysta‘ |
the sHower center ié | - the Shower center
o g - - IS o g — - — — - — o SIS
} } Eseed : :
| [ | l
E | | ‘\ | l
seed } } Tseed | :
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Fitted parameters of the lateral developmer

Seed energy correction

Fitting Result: /
Eqigi P1 o -
/Eseed B eXp{— E [g(r’ P2, P3 PaNG g(rseedi P2, P3, p4)] 5(7") =T — pzT‘eXp[— ( B ) ] ( Ry = 2.00 Cm) \

P3fty
p(Ey,0) = —0.384 x exp(3.88 * E, ) + 5.44 * 107> * (6 — 97.7)® + 2.6
p,(E,, 0) = —0.352 * exp(4.21 * E,) + (—3.94) » 1076 = (6 — 69)? + 0.932
p3(Ey, 0) = 0.151 * exp(4.52 * E}, ) + (—2.14) * 107> * (6 — 91)? + 0.841

u%(Ey,e) = —3.51 x exp(1.15 % E, ) + 2.26 * 10™* = (8 — 80.3)* + 4.96 /

Energy dependency Angle dependency
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Mass resolution (pi0O)
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pi0 mass resolution

Range of simulated samples:

1 Raw algorithm : i . Ener
¥ New algorithm .; 0.5~5 Ggeyv
' 1 « Theta
. 22~140 (deg)
- :  Phi

0~360 (deg)

« This is the result shown in the last
report.
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Mass resolution (pi0O)

4.5GeV&22deg-140deg 4.5GeV & 6 22.00°~140.00"
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My result Qing’ s result

« There are some problem when fitting to the distribution of pi0 mass, and we are working over
it.
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Mass resolution (pi0O)

RMS of hist
15 f_ } Raw algorithm . . .
- } Now aioritm ; Range of simulated samples:
14 : * Energy
135 P 6GeV
= i L
Q 121 ; + Theta
S ! 22~140 (deg)
10 o + Phi
= . 0~360 (deg)
8 f_l | I | | I | | | | | | I | 1 L1 | | | I | | L1
2 25 3 35 4 5 55 6

4.5
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We initially checked the results through the standard deviation of the distribution of piO
mass.

The standard deviation of new method is reduced, indicating that the new method has
improved the performance of cluster splitting algorithm.



Summary

« The lateral development of the cluster is measured
« Lateral development with the crystal granularity is considered
« Energy and angle dependent is considered

« Seed energy is corrected while applying the lateral development in cluster-splitting

« Mass resolution for pi0 samples are doing, and improvements are seen with the
new algorithm

« To do list:

« Fully check the energy resolution of small-cross-angle photons and mass resolution of pi0
« Check in to PandaRoot repository

Thank you for your attention!
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Parameters (energy dependency)
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Parameters (angle dependenc
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Angle dependency of parameters
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The lateral development (new measuremen

Define the lateral development:
Etarget

f) =+
) ) . shower
Esnower 1S the total energy of the single-particle shower.

o e oo RO—
The IateraI developmen’g f(r) can ; the tdrget crystal " Erarget
from obtained Geant4 simulation. @ the shower Center :

i | H
In this measurement the crystal S S S S
dimension is considered ’ E

I

Control sample: E Eshower

> Geant4 » Generator: Box

I
1
I |
I |
I |
I |
| |
! I | !
» Gamma (0~6GeV)  » Events 10000 I—“"“+-~-~-~—~-~—————J|r———————~I—-—-—-—-—-———-—-:
| i |
I
> Phi(0, 360) > Theta(22, 140) |



The seed energy dependency

Consider two cases where the photon hits the seed at different positions:

the target crystal
® the seed crystal
the shower center

~..tne sno Ner center e _
i | |
| | | ﬁ
| | | ﬁ
| | | ﬁ
; | I i
f | | |
h— L | Etarget = Escea€xp(—2.5 r/Ru)
i i : i
i ! ? ?
i ! ? ?
F—- - - - casez: r  Etarget Eseea
| ! i !
i i i i
I i i i
i i i
? ? Y- -
% : : Etarget
. . !

* Forthe samer, depends on Tsepq-

seed
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The detector geometry dependency

According to the definition of f(r):

f@r) = poexp[—g—lé’ @) £(r) = 1 — pyrexp[— ( i )m] (Ry = 2.00 cm)
M P3Rm

f f (seea)=Poexpl— - E (M poexpl— 1= ¢ (eea)] = exp{— 1= [E() = §(rseea)]}

E; t P1 E; t €
9 = exp{——[£(r, P2, D3, P4) — ETseeas D2r P30 Do)} Raw: —2= = exp(———7)

Eseed RM Eseed RM
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Control sample

< 1GeV > 1GeV

> Gamma (0.2, 0.3, 0.4...0.9 GeV) > Gamma (1, 1.5, 2, 2.5...6 GeV)

» Events 10000 > Events 10000

» Geant4 > Geantd

» Generator: Box » Generator: Box

> Phi(0, 360) > Phi(0, 360)

» Theta(Rangel, Range2,... ,Range23) » Theta(Rangel, Range2,... ,Range23)
Range 1 Range 2 Range 23

> 23




Control sample

Phi: 0~360
Theta(deg):

24



Fitting results

Fitting function:
f(?", P2,P3, p4)

P1
f(r)=poeXp[—R—€(r,pz,p3,p4) , . \P

2 =r—p2rexp[—( )]

pP3Ry

Rangel2; 0.5 GeV Rangel?; 1 GeV
0.9 0.9E 200
=140 = 180
0.8F 0.8 = 1
0.7 140 0.7F 123
= — 100 =
E 0.6§ E 0.6§ 120
g 0.5 3 80 E 0.5 3 100
s 0.3F ? 0.3F
- - 40 L F 60
0.2 _ 0.2 40
015 fan 20 0.1F 20
% 05 1 15 2 25 3 35 0 % 0




Fitting results

Fitting function:
f(?", P2,P3, p4)

r P4
et ()

Rangel?; 6 GeV

P1
f(r) = poexp [—R—E (r, 02,03, 04)|
M

Rangel?; 3 GeV

—

1 C r

0.8 E_ A 0.8 g— 550
075 —200 0.7F

0.6 0.6 200

2 05F 150 2 05F 150
u’ 0.4 W 04F
% _F 100 >

WF 035 uF 0.3F 100
0.15 0.1F

C S, s - 0

% "5 1 15 2 25 3 235 ° %



Energy resolution (pi0)

The angle between the two photons produced by the decay of pi0 changes with its momentum:

450
400
350
300
250
200
150
100

a [deg]
angle [deqg]

15 2 25 3 35 4 45 5
P [GeV]

27



Energy resolution (di-photon)

10

[%]

o(E )/E

Energy resolution of di-photon

1

¥ New algorithm

. shower centers

+ Raw algorithm

i the. distance between.........

n
l‘:‘i.‘.
|||||||l||l]||||||l]|l]|||l||l‘||]|||l

3

4 5 6 7 8 9
d [cm]

10

Range of simulated samples:
Energy
0.5~6 GeV

 Theta
Rangel2: 70.8088 ~ 72.8652

Phi
Square area calculated
according to theta

28



Splitting efficiency

ratio [%]

—
o
o

60

40

20

» The ratio of successiul splitfing

3 4 5 6 7
d, [cm]

d,. The distance between two
shower centers

Nsplitting

ratio = X 100 (%)

total

Control sample:
» di-photon (0 ~ 6GeV)

» Events 10000
> Geant4

» Generator: Box
> Phi(0, 360)

> Theta(22, 140)



Energy resolution (di-photon)

G( Ey)/ E":’ [%]

4.5

w

2.5

1.5

Energy resolution of di-photon

¢ Raw algorithm
! New algorithm

o(E
Raw: % = 2.50% . 1 399,

e

-
......
LEE

........

o

1

2

3
E, [GeV/cT]

4

5 6

« The angle between two
photons < 6.75 (deg)

Range of simulated samples:
- Energy
0.5~6 GeV

 Theta
67.7938 ~ 73.8062 {deg}

+ Phi
0.625 ~ 7.375 {deg}

30
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