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Introduction

[Detector]

v'Panda detector

» Target calorimeter
= Shashlyk calorimeter !\

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]

71 crystals - 11 types of crystals - 6 modules
A

Row Crystal
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super modules
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PandaRoot

[EMC Simulation]

v PandaRoot framework https://github.com/FairRootGroup

> FairRoot-17.10b
> Root6.10

Target

calorimeter
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/FairSoft

L( ROOT {[Geometry] [Virtual MC%<[[

G3VMC |—{ Geant3 |

f Cuts,
processes

Application ]

10 Managem

!

Event
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FairROOt| [ popsmen | 200

Magnetic

- Track
finding

Solenoid
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const.
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| Panda Code |

_

CbmRoot
R3BRoot
MPDRoot (NICA)
ASYEOSROoot
EICRoot

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

[Simulation]
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Preamplifier ! I-' 1

APFEL ASIC/ — — i
Basel LNP v’ Event Generation
» EvtGen, DPM,
SADC
; - Box Generator
PndEmcWaveform
FREA v’ Transport Model
» Geant3, Geant4
¥ PndEmcDigi
D. Melnychuk 24.07.2012 v’ Digitization
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Data flow

[Simulation & Reconstruction]

‘ Y PndEmc |

v

N ( PndEmcPoint O

PndEmCP()'nt— | PndEmcI—titProducer |
\g >~ PndEmcHit I

( PndEmcHit ()

Preamplifier “

APFEL ASICI—’ — gyt sy ’ PndEmcHitsToWaveform |
Basel LNP ! 7
PndEmcMakeDigi l ( PndEchaveformO
SADC ‘ PndEcha\l/eformToDigi |
i I
~ L ( PndEmcDigi O
v
FPGA Pnd Emcwaveform I PndEmcMakeCluster
v
( PndEmcCIusterO
v
I PndEmcMakeBump l
v PndEmcDigi y

( PndEmcBump O

D. Melnychuk 24.07.2012
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EMC Simulation

[EmcPoint]

v PndEmcPoint—>FairMCPoint
» Gamma (1GeV)

» Events=10000 -

" 10°
» Energy deposition ! — Eme Point
. . . 5[
» Fixed direction 107 ¢
%) 104%
c =
8 L% 103§—
.9 b slk ® Emc Point 102;
4 =
o |"ofe e Emc Hit - -
" z.z All points in one 10 &
crystal =
1?....|....|....|...“LM...
. 0 0.005 0.01 0.015 0.02
Energy(GeV)
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EMC Simulation

[EmcHit]
v PndEmcHitProducer :
@ s s .
9 L 51, ® Emc Point
» Gamma (1GeV) o [Pofe e Eme Hit—
» Events=10000 39’ g';gglms none
» Energy deposition
» Nonuniform light yield 1
/ \ 10° |
Energynir = Z factor - Ener gy,oint 10° ¢ o
£ 10°
factor =co+ z(c1+ z - c3) S>j 102k
.
_____________________ | :
R 1
\ Front near / 0 01 0203 0.4 05 0.6 0.7 0.8 0.9 1

Energy(GeV)
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EMC Simulation

[EmcHit]

v PndEmcH1itProducer '

Darmstadt, Germany

el | b .
g 6 ® Emc Point
o kol
» Gamma (1GeV) o ol Eme Hit —
> Events=10000 e All points in one
crystal

» Total energy deposition

» Nonuniform light yield 1
- Nonuniformity of different type crystal F
f_ — Emc Point 1.2¢ 2000 £ — Emc Point
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— — Emc Hit §1600f — Emc Hit
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EMC Simulation

[Pulseshape]

v PndEmcH1itsToWaveform

» PndEmcAsicPulseshape
* Barrel Emc
 Bwd endcap
 Fwd endcap

At=t - tg; L=/t Lig=1/tig;
t..re ASIC sampling int time, 70 ns

lgq- Crystal sampling time, 12 ns

A<6—At-lmt At?) G_At'lz’nt Atz —|_ e_At'lint ) At B_At'lint —|_ B_At'lsig
6(lsi9 - lmt) 2(lsig - lint)2 (lsig - lint>3 (lsig - lint>4 (lsig - lint>4

» PndEmcCRRCPulseshape
* Shashlyk calorimeter
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EMC Simulation

[EmcWaveform]
v PndEmcWaveform
» Gamma (1GeV)
> Elec-noise(Y/N)
» Photon statistic (Y/N)
1070 ¢ 01070 ¢ 0107 ¢
g £ £
Waveform <€ r Waveform < Waveform
1073 1073 - 10731 :
Elec =1 - Elec =0 i Elec =0
107 Photon =1 4o [/ Photon =1 10 Photon =0
10—33‘ Ml | il A x10 _33,%‘|v,-,,||x10_6 1073 ﬁvm..|\.‘J.‘.\.Hm.w.‘.\><10_6
0 02 040608 1 1.2 1.4 16 10 0204 0608 1 12 14 16 0 02 04 0608 1 12 1.4 16
Time(s) Time(s) Time(s)
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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

» Generator: Box

» Phi(0, 360)

» Theta(22, 140)

» El:maximum energy
» E9:3x3 matrix crystals
» E25:5x5 matrix crystals
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EMC Reconstruction

[Resolution]
v Energy resolution
» Gamma (1GeV)
» Events =10000 -
. ! :
» Phi(0, 360) 1000/ o egcoy e
» Theta(22, 140) - ean = oo GeV
. B 1I€Ma = U. e
» 3*3 Matrix crystals o 800~ ~°
.. Novosibirskfunction & 00 — = 3.3%
2 f(E) = As exp(~0.5In[1 + A7 - (E — Eo)l/7% +7) & 1L .
= with 400 -
E e A= sinh(7+vIn4)/(o7+/In4), : i
E e Fy = peak position, : 200__
: e o= width, and TDR of EMC(2008) ... —- L . S
e L eeeveeeeneenannanans] 07 08 09 1 1.1
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EMC Reconstruction

[Resolution]

v Energy resolution

» Gamma (1GeV)

» Events =10000 1200 - o

> Phi(0, 360) o0k -

» Theta(22, 140) [ g(lean ié.g;lgge://

» 5*5 Matrix crystals ¢ 8000 &M 7T €

> Novosibirsk function & 00~ CE _ 2 70
feeeereeeeeeeennnnsssssssssssaaeeeereeeerenen AT S /70
J;fi = Ase(0S L Ar (Bl T 0 E
e A= sinh(7vIn4)/(o7VIn4), 200:_
= e Ejy= peak position, a B

TP |

;oo TDRoOfEMC(2008) g™ 0708 09 1 14

= o 7= tail parameter

e eressssssssmmssssssssessssssssssaseansnnnnl Energy(GeV)
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EMC Reconstruction

[Position]

» Gamma (1GeV)

v  Position resolution

n
» Events =10000 Y=
. mea —
> Phi(0, 360) &Theta(22, 140)
» 3*3 Matrix crystals
140 _
r 80
= 120 - , N r
© ok ———T5
(o)) L _—‘—— Bj B
() L - @ i
© L ————— o L
=3 r S i
e r < C
g 60: ~~~~__- \Lé 65
L SN ~—— 60"
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EMC Reconstruction

[Position]
v Position resolution
a ) ) )
» Gamma (1GeV) Xeor= ) W(E)*xi/ ) W(E)
> Events =10000 =1 =1

» Phi(0, 360) &Theta(22, 140) | w (kg,) = Max[0,4.0 +ln(Ei/z_ E))]
» 3*3 Matrix crystals i=1

140

—
N
o

-
(0] o
o o

LI L S A B A

0../(0.2 degree)

o
o
T

11/6/18

[e2]
o
1T T

1
1
1
1
1
1
1

0.,/(0.2 degre e
=)
|

I
I
I
I
I
I
I
I
I
I
I

L‘{“‘; e
l L L l | ‘ L L -~ » | L 1 1 L | 1 L L 1 | 1 1 L L |

20,

P R L L I P R R
40 60 80 100 120 140 60 65 70 75 80
0. /(0.2 degree) 0../(0.2 degree)
Panda Collaboration Meeting 18/3, GSI,

18
Darmstadt, Germany



EMC Reconstruction

[Position]
v Position resolution
a ) ) )
» Gamma (1GeV) Xeor = __1W(El-) x x;/ ._1W(EL-)
> Events =10000 = =
. n
» Phi(0, 360)&Theta(22, 140) | w (k,) = Max[0,4.0 +ln(Ei/z_ E))]
> 3*3 Matrix crystals =1
v F1t function: :
» Gaussian i ’ - .
1200 F
210000 =
Q 800k
Y soot
400
200 F
L - N Y- R 2
eCor - ein q)cor ) ¢in
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Summary

v"What we have checked:

» Simulation and reconstruction of EMC;
e Distributionsof features about EMC;

v" Next to do:

» Check whether parameters settings are reasonable

» Comparison between EMC simulation and experimental test.



Panda is on going!
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Artist: Meilin Han CaliGirl DreamWorks Animation

Thanks for your attention!
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Back Up
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EMC

[Main requirement]

11/6/18

Required performance value

Common properties

energy resolution op/FE

energy threshold (photons) Eipres
energy threshold (single crystal) Egy

< <2%
10 MeV (20 MeV tolerable)

3 MeV

rms noise (energy equiv.) og noise 1 MeV

angular coverage % 4w 99 %
mean-time-between-failures ¢, s 2000y

(for individual channel)

Subdetector specific properties backward barrel forward

(>140°) (>22°) (>5°)

energy range from Fippes tO

angular equivalent of crystal size 6

spatial resolution op

maximum signal load f, (Ey > E4)

(pp-events) maximum signal load fy (Ey > Egu)
(all events) shaping time ¢,

radiation hardness

(maximum annual dose pp-events)

radiation hardness

(maximum annual dose from all events)

0.7GeV 7.3GeV  14.6 GeV

4° 1°
0.5° 0.3° 0.1°
60 kHz 500 kHz
100 kHz 500 kHz
400 ns 100 ns

0.15Gy 7Gy 125 Gy

10 Gy 125 Gy

Panda Collaboration Meeting 18/3, GSI,
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EMC Reconstruction

[Resolution]
v Energy resolution
» Gamma (1GeV)
» Events =10000 1200
> Phi(99.3251) 1000k e
» Theta(70.7429) e ey
. — Sigma =0. e
> 3*3 Matrix crystals & 800" °%
. o . GJ —_ O-E
.. Novosibirskfunction 7 600 —% = 2.6%
s f(B) = Ag exp(—0.5In°[1 + AT - (E — Eo)]/7% + 7%) 400 :_
5, with : -
; e A= sinh(7+vIn4)/(o7+/In4), E 200 —
E e Fjy= peak position, E B ) s e ._.,,_‘;.;,5,;.;-"‘-'7‘# &
i ¢ o=width, and TDR of EMC (2G08) %5 06 07 0809 1 14 12 1.3 1.4
S Energy(GeV)
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EMC Reconstruction

[Resolution]

v Energy resolution

» Gamma (1GeV)

» Events =10000 1400 F .

» Phi(99.3251) 1200 - " —E25

> Theta(70.7429) 1000 F- gﬂeanéggi CGie\\i

. B Ig€ma = U. e

» 3*3 Matrix crystals 1% -k

> Novosibirsk function $ °°F 98 _ 230
fereessmsssseseerressssssssseserreesnnnnnnnnns = ' :
() = As exp(=0.5*[1+ A7 (B = Fo))/7° +7°) & L 600: E
: with : 400 [
o A= sinh(7+v/Ind)/(orvInd), : 200;
* e [y = peak position, L

H ol a1 g I IR AR

{ eo-vahed  TDROfEMC(2008) %5 06 07 0.8 09 1 14 12 1.3 1.4

= o 7= tail parameter

e Energy(GeV)
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Data Flow

[Simulation & reconstruction]

PndEmcPoint

PndEmcHitProducer

‘ PndEmcHit
PndEmcHitsToWaveform C

PndEmcWaveform
D PndEmcWaveformToDigi

PndEmcDigi

PndEmcMakeCluster

PndEmcCluster

PndEmcMakeBump

PndEmcBump
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