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Introduction

[Detector]

v'Panda detector

» Target calorimeter
= Shashlyk calorimeter |3

v EMC(TDR 2008)

O'E/E < 1%

= Spatial resolution(barrel)<0.3°

*  Einreshotd(Photon): 10MeV

"  Eihreshotd(single crystal): <3MeV
= Angular coverage: 99%
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Introduction

[Target EMC]
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PandaRoot
[EMC Simulation]

v PandaRoot framework https://github.com/FairRootGroup
/FairSoft
» FairRoot-17.10b

> ROOt 6 10 L( ROOT {[Geometry] [Virtual MC%<[[ Zi::z ﬂ z::zi %

Application ] 10 Managem
processes 1

. Track Run Manager RTDataBase
FairRoot| [ wran | |

Event
Display

Magnetic

CMap

f Traf:k const.
finding field

| Panda Code |

%
M Al-Turany et al 2012 J. Phys.: Conf. Ser. 396 022001

Target
calorimeter

EICRoot

CbmRoot
R3BRoot
MPDRoot (NICA)
ASYEOSRoot
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EMC Simulation

[Simulation]
y 8
‘ - .g o b ® Emc Point
l EEEEEEEEEEERN ] .04.|7. i
PndEmcPoint——»* 10» Eme Hlt -
Fyv ‘ PndEmcHit 39 g;,g&ms mone
)‘\Tx ) .:
Preamplifier ! !
APFEL ASIC/ — R S .
Basel LNP v" Event Generation
» Box Generator
SADC .
R e v’ Transport Model
FPGA PndEmcWaveform > Geant3 Geant4
]
* PndEmcDigi v' Digitization

D. Melnychuk 24.07.2012
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Data flow

[Simulation & Reconstruction]

PndEmcPoint—
é >~ PndEmcHit

Preamplifier
APFEL ASIC/ — R S
Basel LNP
SADC
FPGA PndEmcWaveform
¥ PndEmcDigi

D. Melnychuk 24.07.2012
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| PndEmcHitProducer
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dealireal digitization?

’ PndEmcHitsToWaveform |
L v
PndEmcMakeDigi | ( PndEmcWaveform O
'
‘ PndEmcWaveformToDigi |
|
v
( PndEmcDigi O
v
I PndEmcMakeCluster
v
( PndEmcCIusterO
v
I PndEmcMakeBump l

( PndErr:cBump O




EMC Simulation

[EmcPoint]

v PndEmcPoint—->FairMCPoint

» Gamma (1GeV)
» Events=10000 e
» Phi(0, 360)
» Theta(22, 140) :
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EMC Simulation

[EmcPoint]

v PndEmcPoint—->FairMCPoint

» Gamma (1GeV)
» Events=10000

» Phi(0, 360)

» Theta(22, 140)
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— Emc Hit
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EMC Simulation

[EmcHit]
v PndEmcHitProducer o
el b ® Emc Point
g A 6 |7
» Gamma (1GeV) o [Pofe e ] Emotit-
» Events=10000 39’ e one
» Energy deposition
» Nonuniform light yield 1
/ \ 10° b |
Energypic = Z factor - Ener gy,oint 10° ¢ e
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--------------------- | - E
\ Front near / 6 0.1 020304 0506070809 1

Energy(GeV)
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EMC Simulation

[EmcHit]

v PndEmcH1itProducer '

> Gamma (1GeV) o %ke %
> Events=10000 "By
» Total energy deposition

» Nonuniform light yield 1

— Emc Point

— Emc Hit

—
N
o
o
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® Emc Point
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EMC Simulation

[Pulseshape]

v PndEmcH1itsToWaveform

» PndEmcAsicPulseshape
* Barrel Emc
 Bwd endcap
 Fwd endcap

At=t - Loy Zintzl/tint; lsigzl/tsig;

t..re ASIC sampling int time, 70 ns

lgq- Crystal sampling time, 12 ns

e_At'lint At?) G_At'lz’nt Atz e_At'lint At B_At'lint B_At'lsig

A - ¥ - -
( 6(lsi9 - lmt) 2(lsig - lint)2 (lsz'g - lint>3 (lsig - lint>4 (lsig - lint>4

» PndEmcCRRCPulseshape
* Shashlyk calorimeter
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EMC Simulation

[EmcWaveform]

v PndEmcWaveform

Amp

10732

1078 =

1070

10731 &

» Gamma (1GeV)
» Elec-noise(Y/N)

» Photon statistic (Y/N)

Waveform

Elec =1
Photon =]

4 1.6
Time(s)
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12/17/18

—

x10

Q_10730 E
E c
< Waveform
10*31 L
i Elec =0
107 Photon =1
10—33 ,‘/\_‘\7\-w\|ww.H'.H\.H|H‘|X1O_6
0 02040608 1 1214 16
Time(s)

Amp

10730
i Waveform
1073 &
Elec =0
1072 /\ Photon =0
107 f/ﬂ-\i\\‘u\.. N i Ix1078
0 02040608 1 12 14 1.6
Time(s)
13



EMC Simulation

[EmcDigi]

v PndEmcWaveformToDigi
» Gamma (1GeV)
» Events =10000 1800 ——
» Phi(0, 360) 1600 - — EmcDigi
» Theta(22, 140) %1400? il — Related EmcHit
» Total energy depositon -

- Tl cva e b b by
8607 0809 1 111213 1.4 1.5 1.6
Total Energy(GeV)
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EMC Reconstruction

[EmcCluster]

v PndEmcCluster

» Gamma (1GeV)
» Events =10000

» Geant3 700
» Generator: Box S 600 -
» Phi(0, 360) = 500
> Theta(22, 140) < 400
> El:maximum energy g 3001
» E9:3x3 matrix crystals w200
» E25:5x5 matrix crystals 100

—E1
—E9
—E25
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EMC Reconstruction

[Position]

v PndEmcCluster

» Total Energy of Cluster

* energy()
> Whereis cluster

* where();x();y();z();
» Zernike moment

o Z720()

o Z7Z53()

» Lateral energy deposition
 LatMom()
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EMC Reconstruction

[Position]

v' PndEmcClusterEnergySums

» Partial Energy of Cluster
virtual Double_t E1() const;
virtual Double_t E9() const;
virtual Double_t E25() const;

» Energy ratios of Cluster
virtual Double_t E1E9() const;
virtual Double_t E9E25() const;
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EMC Reconstruction

[Position]

v' PndEmcClusterProperties

» Where(TString method, std::vector<Double_t>params)
» LiloWhere(std::vector<Double_t>params);
» LinearWhere();

» GravWhere();

K W(E;) = Max[0,A(E) + In(E; /E)]

gm—

A(E) = parA — parB  exp(—parC * E1171) x [~0.534
parA = 4.071

—

parB = 0.678

\ _ parC =10
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EMC Reconstruction

[Position]

ﬂ(Ei) — Max[0, ACE) + In(E;/E)]

A(E) = parA — parB * exp(—parC » EL171) x f~0:534

~
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EMC Reconstruction

[Resolution]
v Energy resolution
» Gamma (1GeV)
» Events =10000 -
> Phi(0, 360) {000 Geant3 y e

Mean = 0.98 GeV

> Theta(22, 140) Sigma = 0.03 GeV

» 3*3 Matrix crystals 800
» Novosibirsk function

E ,with E 400
E ° A:sinh(T\/M)/(aT\/M), .
E e [y = peak position, 200

Events
»
o
(@]
|III|III|I[I|III|
I
W
=
N

i eo-widhand  TDR of EMC(2008) |,

» e 7= tail parameter

07 o8 09 1 11
Energy(GeV)
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EMC Reconstruction

[Resolution]

v Energy resolution

Events

» Gamma (1GeV)
» Events =10000
> Phi(0, 360)

» Theta(22, 140)

B _ W
1000 Mean=0.98 GeV ' _ro
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800
- 2E_ 33y
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)
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200
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Events

» Phi(99.3251)
» Theta(70.7429)
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EMC Reconstruction

[Resolution]

v Energy resolution

Events

» Gamma (1GeV)
» Events =10000

> Phi(0, 360)&&Theta(22, 140)

Geant3
" Mean=0.98GeV
1000 - ean=u. e
- Sigma=0.033 GeV
800+
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400}

200

—E9

ok
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EMC Reconstruction

[Resolution]

v Energy resolution

» Gamma (1GeV)
» Events =10000

> Phi(0, 360)&&Theta(22, 140)

1200

1000

Events

400 -

200

Geant3

800 |

O
600 |

- Mean = 1.0146 GeV
- Sigma =0.0276 GeV

Energy(GeV)
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EMC Reconstruction

[Position]

v  Position resolution

» Gamma (1GeV)
> Events =10000 ¥ "

mea
> Phi(0, 360) &Theta(22, 140)

=) Exx;/ ) E

» 3*3 Matrix crystals
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EMC Reconstruction

[Position]

v  Position resolution

-

~

n n
» Gamma (1GeV) Xeor=) W(E)*xi/ ) W(E)
> Events =10000 = =
. n
» Phi(0, 360) &Theta(22, 140) | w (k) =Max[o,3.8+ln(Ei/z_ E))]
» 3*3 Matrix crystals =1
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EMC Reconstruction

[Position]

v  Position resolution

» Gamma (1GeV)
» Events =10000
> Phi(0, 360)&Theta(22, 140)
» 3*3 Matrix crystals
v Fit function:

-

n
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n

i=1

W(E;) = Max[0,3.8 + ln(Ei/z

n

~

Xcor = W(E;) *x;/ W (E;)
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i=1 J
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Summary

v Simulation and reconstruction of EMC
e Distributionsof features about EMC

v" Next to do:

> Position Correction

» Energy Correction



Back Up
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EMC

[Main requirement]

12/17/18

Required performance value

Common properties

. <2%
energy resolution og/FE <1%® JE/GeV
energy threshold (photons) Eipres 10 MeV (20 MeV tolerable)
energy threshold (single crystal) Egy 3 MeV
rms noise (energy equiv.) og noise 1 MeV
angular coverage % 4w 99 %
mean-time-between-failures ¢, ¢ 2000y

(for individual channel)

Subdetector specific properties backward barrel forward
(>140°) (>22) (>5°)
energy range from Fippes tO 0.7GeV 7.3GeV 14.6 GeV
angular equivalent of crystal size 6 4° 1°
spatial resolution oy 0.5° 0.3° 0.1°
maximum signal load f, (Ey > E4) 60 kHz 500 kHz
(pp-events) maximum signal load fy (Ey > Egu) 100 kHz 500 kHz
(all events) shaping time ¢ 400 ns 100 ns
radiation hardness 0.15Gy 7Gy 125 Gy
(maximum annual dose pp-events)
radiation hardness 10 Gy 125 Gy

(maximum annual dose from all events)
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EMC Reconstruction

5, with

[Resolution]
v Energy resolution
» Gamma (1GeV)
> Events =10000 1200~
> Phi(99.3251) 1000 e
» Theta(70.7429) e ey
" . » 800 Sigma=0. e
» 3*3 Matrix crystals % -
. . . __ E
» Novosibirsk functlon 7 600 == 2.6%
s f(B) = Ag exp(—0.5In°[1 + AT - (E — Eo)]/7% + 7%) 400 :_
P e A= sinh(rvInd)/(o7vInd), 200 - (
E * Fo = peak position, [ d o1 1 -.-e!.-::.'::e:-:’-""j‘ Lol Lo b b |
i e o= width, and 5 06 07 08 09 1 11 12 1.3 1.4

= o 7= tail parameter
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EMC Reconstruction

[Resolution]
v Energy resolution
» Gamma (1GeV)
» Events =10000 1400 F .
> Ph|(993251) 1200 h —E25
> Theta(70.7429) - Mean = 1.035 GeV
. 1000 Sigma =0.024 GeV
» 3*3 Matrix crystals 1% -
> Novosibirsk function 5 °0°0¢
= B q
:....................2 ................... ] ....2..: L 600_—
= f(E) = Asexp(—0.5In"[1 + A7 - (E — Ep)]/7" +77) 1 B
:with 400 -
E o A= sinh(7vIn4)/(o71vIn4), . 200:_ &
* e [y = peak position, -
g bt 1 | | | |

= e o= width, and

: - . TDR of EMC (2Q08) O0.5 06 07 08 09 1 11 12 13 14
- ® 7T = Tal parame er :
A EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEY Energy(GeV)
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Data Flow

[Simulation & reconstruction]

PndEmcPoint

PndEmcHitProducer

PndEmcHitsToWaveform

C‘ PndEmcHit

PndEmcWaveformToDigi

PndEmcWaveform D

PndEmcDigi

PndEmcMakeCluster
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PndEmcCluster

PndEmcMakeBump

PndEmcBump
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