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= Introduction: Detector

Micro Vertex Detector
Straw Tube GOSN Detectors Shashlyk Calorimeter

¢ Target EMC Targetsystem b Forward Traeka Jystem Muon Range System
» energy measurement LS\ “

» position
» PID

TOF Wali

Barrel

wn 0 SEeRr | e ] FairRoot version: v-17.10b
. L G o8 PandaRoot version: dev



Introduction: Software

e EMC Software
> Simulation

geometry description
sensitive material
physical processes
signal collection
digitization

» Reconstruction

cluster finding
bump splitting
track reconstruction

FairRoot version: v-17.10b
PandaRoot version: dev

Emc functionalities refer to
BABAR experiment, some codes
are very old and may expired.
Need validation

Goal: functionality check

» What kind of data processed?
» Are the results reasonable?
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s EMC Simulation

physical events electronic signals p.,c.Emcp(,.mfébi }
PndEmcHit

’ Y

Simulation processes: Preamplifier i :
APFEL ASIC/ S
Basel LNP

» Response of sensitive material

energy deposition sADC A

» Electronic process il
signal collection FReA e
shaping and amplification oo
sampling D. Melnychuk 24.07.2012
filter
digitized signal



s EMC Simulation

Simulation setup:

» Geometry: beam pipe, barrel EMC

» Simulation Engine: Geant4

» Generator: Box

» Setting:
e particle: 22 (gamma)
* position: (0,0, 0)
* direction: point to a barrel crystal
e Momentum: from 1 to 15 GeV/c, 1

GeV/c per step

PndEmcPoint—

Preamplifier

\g > PndEmcHit

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

D. Melnychuk 24.07.2012 6



s EMC Stmulation: detector response

Process:
» shower
»> light collection

Shower at truth level:

v’ Interaction between
incident particle and
material

v' Tracks and Steps

Information in PndMCTrack
* particle type

* start point

* momentum (& direction)
* mother track
e generator tag (from it or not)
* number of interaction point




s EMC Stmulation: detector response

» Tracks at truth level:
shower generated in EMC, interactions

I X v, ~ 7 \\(P ‘ position 7/

- ,%i I
- 101} 7/ <=1
100 3 10011 17, |
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60 - il . A
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°0F — : [ | AR\ { N
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20 .
10/ Processes: electron pair effect,
O‘. [
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s EMC Stmulation: detector response

» Tracks at truth level:
shower generated in EMC, interactions

Processes:

v" electron pair effect, bremsstrahlung, photoelectron, compton scattering, ...

[
& &Q/ X



s EMC Stmulation: detector response
_

» Steps:

In a shower, one track generates a few points, a few
points contribute to one hit

.9 > sb ® Emc Point
® ka'l7z

NI Em Hit -
g 2 All points in one
» crystal
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s EMC Stmulation: detector response

» Shower:
one track generates a few points

Information 1n PndEmcPoint:
 momentum after the interaction
* position

* energy deposition

* crystal

* track

* track length since creation
* time

Counts

point position

120

- h2E3
= Entries 2313
115- In one event Meanx 7054
110 Std Devx 0.8247
= StdDevy  1.041
1051 .
C .; I
100 o - .*'gy
95 Lt
90F-
851
E L L L
8%0 65 70 75 80
0
Ey in points (1000 events)
hEpoint

In 1000 events

Entries 2619224
Mean  0.0003788
Std Dev  0.001073

008 0.1




s EMC Stmulation: detector response

|
8
> ShOW@I" .g o E ® Emc Point
. - o [Pofe e Eme Hit —
one track generates a few points "R All points in one
crystal

E, (sum over all points)

Total Energy in PndEmcPoint

400
O Energy leakage = 1000 Events

* trace via FairLink 3001~

2 -

S 200/

L -

1001~

0985 - IO.LQ;I ) 6.95 1 165 W

E, (GeV)



120_ h2E2
S— ' ion: 115 T [ b
s EMC Stmulation: detector response " Inoneevent & 3 b
1055_ - - StdDevy 1.024 :z:
» Light collection: o
a few points contribute to one hit 90} o
85F 0
L , 8% 65 70 75 80
Information in PndEmcHit: 6
® h]t amplitude Ey in hits (1000 events) _
° osition o] vean 0.04654
p 10 In 1000 events StdDev  0.1781
* crystal .
e point list 2
* time g "
10§
1;....I..|T|I....I....I....I....”........I....I....
O 010203040506 070809 1
E, . (GeV)

hit position




s EMC Stmulation: detector response

S—
8
» Light collection: oLt ® Eme Point
. . . - ol ®1® Emc Hit —
a few points contribute to one hit "B All points in one
crystal
Total Energy in PndEmcPoint :
Total Energy in PndEmcHit 0 1000 Events
o 3001
* Difference 1n hits and points 200k
lﬂ
8 o9 1 12
E, (GeV)



s EMC Stmulation: detector response

» Light collection:
a few points contribute to one hit

Difference between EmcHit and EmcPoint
HitProducer: nonuniform light yield

Enhit = z f Epoint

f=cot+z(ci+z-cy)

______________________

Front Rear

« 1.05%

Nonuniformity of different type crystal

1.2r
1.158

1.1

0.953

0'9:...|...I...I...I...I...I..II...I...I...
O 2 4 6 8 10 12 14 16 18 20
position z (cm)

f of different crystals
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s EMC Stmulation: detector response

» Light collection:
a few points contribute to one hit

Difference between EmcHit and EmcPoint
HitProducer: nonuniform light yield

Enhit = z f Epoint

f=cot+z(ci+z-cy)

energy (GeV)

Fluctuation in 0 direction

Energy:6

1.1

1.05

0.95

0.9

0.85

|_J_J_J_J-!-£§

T

||||||||
||||||||

0.8

A HE R RR R AR R AR IRt
0 40 60 80 100 120 140
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EMC Simulation: electronic response

Process
» Hit to Waveform
* APD response: photon statistics, quantum efficiency, ...
* ADC: pulse shape, sampling, ...
e Flectronic noise: white noise, one bit resolution, ...

‘ Y

> Digitization % }
* Threshold j
e Filter e
* Peak finding . | i,

(] . FPGA PndEmcWaveform

PndEmcDigi 1 7




== L MC Simulation: electronic response

E—
» Hit to Waveform: PndEmcWaveform K
PndEchoIntfé\Q\ }
PndEmcHit
Information in PndEmcWaveform i _';
* aset of sampled amplitudes apreLasic
. Basel LNP
* errors of amplitudes
* sample length & rate = | AL My
o baseline FPGA PndEmcWaveform
* crystal
o track PndEmcDigi
* hit
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== L MC Simulation: electronic response

» Hit to Waveform: PndEmcWaveform
generated via task “PndEmcHitsToWaveform™

Pulse shape:
A(e_At‘lmt AP e B AR B AL B Bt )
6<ls'ig - lznt) 2(lsig — lint)2 (lsig - lint)g (lsz'g — lint)4 (lsig — lint)4
10-285
At=t - Lo, lintzl/tint; lsigzl/tsig; 10'29%

atp=1Gewc|

t... ASIC sampling int time, 70 ns

Lo Crystal sampling time, 12 ns

example 1n one event
e 28 hits, 28 waves
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== L MC Simulation: electronic response

> Hit to Waveform: PndEmcWaveform
noise eftect

10728 10728 10728
10—29* 10—29% 10—29k
atp=1GeV/c atp=1GeV/c atp=1GeV/c atp=1GeV/c
° g gl 8"
% : E:. §_10_31§ :%_
< | / 1** 10722
10_33‘!: j Wb \* | M J J 10 Bl el s ] NN
l,ﬂl\mm Ml 'H MM 120 10734 g “ 0 e .8‘0"7" T T 10‘340'”1]:? L 4'(‘)\‘ L 6‘87” ‘ .8‘0‘7‘1 d 109" "% 4;a n?&e;o%? 700120
sample pomt sample point sample point
noise no elec noise no elec noise no elec noise
elec noise: 1.5¢-3 no pho stat no pho stat,

1 Nbits=16 —18
200 20

\/EXSOOXmXO 7

pho stat:




== L MC Simulation: electronic response

Hit to Waveform: PndEmcWaveform, energy relation

1072
GeV/c
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2 2 2 2
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4n-34
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== L MC Simulation: electronic response

]
» Digitization: PndEmcDigi
generated via task “PndEmcWavetormToDig1”

‘7
Information in PndEmcDigi P"“’""”'“‘fég } S—
e digi amplitude ;

o« Preamplifier -

* position ST o
* crystal PN
e track SAiDC
[ hit FPGA PndEmcWaveform
* event

PndEmcDigi
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== L MC Simulation: electronic response

» Digitization: PndEmcDigi

* Threshold ,
The FPGAs perform the following tasks:

* Filter * timeadjustment and distribution of the
 Peak ﬁndlng global clock signal;
® * noise calibration;
o e common mode noise suppression;
120¢ Ey * pedestal subtraction;
115} 1 * autonomous hit detection;
110F- N * conversion of ADC data and linearization
105 — EEE— _:Z of the full data range;
= 100F 0'4 * transporting the hit information together
o5t H N with the time stamp to the data multiplexer;
90F N  slow control.
85} o1 From EMC TDR 2008

%80 62 64 66 68 70 72 74 76 78 80 82

0 23



== L MC Simulation: electronic response

» Digitization: PndEmcDigi

* Digitized energy and compared to Hits

; = 1600F =
SO og 1400
70 Digi-related Hit =
- Hit ke 1200
60 G o -
£ 50f |atp=1GeV/c = 10001 | ¢ p=1GeV/c
o - 2 800
o 40 o f
30 S 600}
20F- 400
102— 200F
Eemiio & o T = I B N -
88 085 09 095 1 105 14 115 1.2 S50 5 0 5

total energy (GeV) Egigi - Enit (MeV)



== L MC Simulation: electronic response

» Digitization: PndEmcDigi

*  Egigi Vs Ep; (top plots: event energy; bottom

Ey a

] noise

Digi

Digi-related Hit

atp=1GeV/c

Events

—_
( o
[e'e) H\‘\\H‘\\H‘\\H‘HH‘HH‘HH‘HH‘H\

TR = == L P i
0.85 09 095 1 1.05
total energy (GeV)

Ey

Pl | S R R
1.1 115 1.2

r latp=1GeV/c

digits/hits

200F

T

i

O 50 5 0

5
digi - Ent (MeV)

Events

ts/hits

digi

lots: crystal energy)

= N0 elec ne pho stat.  no elec-&pho stat.
100 0= v 90
+ Digi 80 Digi E Digi
[ g 80;
80 Digi-related Hit 705 Digi-related Hit 70E Digi-related Hit
- latp= 2 °% latp=1Gews , 60
6oL [atp=1GeV/c € 500 atp=1Gevic 2 F latp=1GeV/c
- o g 5 50F
i o 40p 1400
o 30 30
20 20 201
? 108 105
87“‘1“@%‘ [P RN N - PN B B 8*‘“1““11”,‘ A I I P B Eoo o mad
8 085 09 09 1 105 11 115 1.2 8 085 09 095 1 105 11 115 1.2 8.8 085 09 095 1 105 1.1 1.15 1.2
total energy (GeV) total energy (GeV) total energy (GeV)
elec noise: 1.5¢-3 pho stat: Nbit:16
Ey Ey Iﬁ‘,l-'r\r\\,zoo‘, Ey
5 1800F X500Xx=—=X0.7 E
3500 = 745 2000F I""l.
g 1600 18001
3000} 1400 16005
2500F @ 1200F » 1400
- latp=1GeV/c < 1000C |atP=1 GeV/c < 1200 |atp =1 GeV/c
2000 i) C -‘9 1000i
B © 800K =) B
15001 S w00k © 800F
1000 F 600F-
: 400 400
500 J L 200K 200
Bl L L ! R E N | N Ll Ot
S5 90 5 0 5 10 15 20 S s 40 5 0 5 10 15 90 22" 15 -1 05 0 05 15 2
Egigi - Enit (MeV) digi - Ent (MeV) Egigi ~ En (MeV)



Ey

80:_ Digi
s EMC Simulation: electronic response o | e
] £ 50F latp=1GeV/c
. e . . . 2 40b
» Digitization: PndEmcDigi 0=
20F-
* Event energy Eg;, Vs Epy 10-
85 085 05 0.05 1 105 11 115 1.2
total energy (GeV)
0.1 F
- absolute difference 0'02:_ + relative difference
0.08[— -
S
= £l

ERR TN P
JZZ.”HHH' NN LITT

1 I 1 1 I 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
input momentum (GeV/c) input momentum (GeV/c)

Relative difference get smaller at high energies
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Ey

50

s £ VIC Simulation: electronic response 40
I

» Digitization: PndEmcDigi 2
* Crystal energy Eg;o; Vs Epy, 10-

digits

. . . o o 0’ “““ [ B R R ol
in the bar with maximum deposition 016 M0 5 0 e T0 i5 20
digi = Ehit
2.5 120
of ]
S - 101~ ¢
% 1'5:_ ¢ o, < B
\:‘3 £ °o.°. é 8:— ¢
.2' 05_ [ ] * } S 6__
3 T . 4. Rt IREEEEREERS SRR 2 -
3 $ } o >
g; _05F + + ‘ o - ....o
L = 2—_ o )
—1;_ " o o000
_1_5: | | Ll ol e i
_q —1
input momenturﬁ (GeV/c) 10 10 input momenturr11 (GeV/c) 10

At higher input energy, smaller bias 27



s Reconstruction

[0 Reconstruction process

Digitized signals
Make cluster

Clusters all adjacent crystals

Make bump

sub structure in clusters

Particle identification

28



Reconstruction

» Clusters Reconstruction :

Currently, all adjacent digis are thought
to belong to a cluster
@ Algorithm to make clusters:

* loop over digis, judge if a digiis a
neighbor of an existing cluster, add
it to the cluster.

e 1f not, create a new cluster

* 1f a digit close to more than one
cluster, then merge them

Phi ID

1451

140

135

130

125

12Q5———

Info in PndEmcCluster

digi index list
position
energy

local maxima

2 v within 10°x10°

P T T S S N S S
25 30 35 40
Theta ID
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= Reconstruction
|

» Bumps Reconstruction :

€ Algorithm to make Bumps:
O PndEmc2DLocMaxFinder;
O PndEmcExpClusterSplitter;
O PndEmcPhiBumpSplitter;

Info in PndEmcBump

inherit from Cluster
shared digi with weight

30



s REcConstruction

» Bumps Reconstruction :

€ Algorithm to make Bumps:

1451
140F

135}

2 v within 10°x10°

O PndEmc2DLocMaxFinder; Q
« Emax_digi > Eneighbors T aof
- Emax_digi > Ecut -
« Emax_digi/Emax_neighbor > Rcut 125[
120555

No new data, update info 1n cluster

Ll
30

L
35

Theta ID

T

31
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s REcConstruction

» Bumps Reconstruction :

B. Aubert et al. NIM A 479 (2002) 1-116

Wiy = Ey-e 25 7i,a/Rm i, j: bump index
. Iy T E . —2.5-r-,d/Hm : . e
@ Algorithm to make Bumps: 2. Ese d: digl index
145
O PndEmcExpClusterSplitter; / : o
« loop digi, assign weight 1400 2 v within 10°x10°
« calculate bump center '
* new weight n 135¢ feomm=_
« iteration I= - .
130f .-
1zsf
New data, use shared digi 129
25 30 35 40 45
Theta ID
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e REcCoOnstruction

» Bumps Reconstruction: ’

@ Algorithm to make Bumps:
10~

Energy (GeV)

L |II|II|

O PndEmcPhiBumpSplitter;
« Project to phi direction
« split peaks e e
- valley split according to 120 125 130 4 135 140 145
areas of left and right PHi 1D
sides

1072

valley
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s Summary dliul3@ustc.edu.cn
]

Work has been done:

» Simulation and reconstruction has been checked from
particle incidence to signal digitization

» Results in MCTrack, EmcPoint, EmcHit, EmcWave,
EmcDigi, EmcCluster, EmcBump seem reasonable.

Work to do:
» more careful check: position, PID, efficiency, ...

» contact with hardware exports for validation of the
software: detector and electronics

» compare with prototype test or other experimental result

Thank vou for vour attention!
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= Introduction: Detector

Target Spectrometer Forward Spectrometer

* Detector _ Pp—

ipole Magnet ~—~ e

Muon Detectors ‘

4
Superconducting Solenoid "

Electromagnetic Calorir%:ters ’ Drift Chamlers
\

GEM
DI ‘Centrdl Tracker

:
{\‘ﬁkro Vertex Detect‘i:



s Introduction: Software

— .

S
 Software | BRRE (oo Kﬁ —

Applcaion
processes
. Track Run Manager RTDataBase g
F a l rRO Ot propagation [

M.AI-Turany,
F.Uhlig,
R.Karabowicz
D. Bertini

Magnetic

MySQL

| Postgresq|l

------------------------------- -/r---n------ EsaswEmEw LN R R R T
Pa N d d ROOt (Y \ rPro:Lijtcers (Diéole Ma; \X‘\\\A KCmeOOt \
o TOF Ethem%‘ Solenoid
*b;’ R3BRoot
5 rac const.
o (o) iy | 22 ) ASYEOSRo0L
g;; Panda Code o0
=y ~) \_EICRoot )
\_ J

M Al-Turany et al 2012 J. Phys.: Conf. Ser. 396 022001 36



e Slmulation, example at 1 GeV/c

S—
Ey in points
htotE
300 — Entries 1000
Total Energy in PndEmcPoints - St bev 002059
. . 250—
Total Energy in PndEmcHit -
200(—
If no nonuniformity, energy in -
. . 150_—
points and hits are the same. :
100[—
50—
8_8 LJ0_.185 = | I1.(|)5I - I1{1I - I1.|15:}I | I_ I1.2
E, (in points)
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== L MC Simulation: electronic response

» Digitization: PndEmcDigi

* total energy Eyiy; Vs Eyy, difference get smaller at high energys

70 ;;;:»re\a(ed Hit ;;;;-re\a(ed Hit 0 Digi-related Hit
Hit Hit 60 Hit
60
50
}g 50 g g %’ atp =4 GeV/c
g . g ¢ g 40
m m m i
30 30
20 20
10| 10
AFATH I e A
70 ighrlted i 70 gl it
60F| — Hit 60— Hi
2 2 50 | at p = 6 GeVic 2 £ SO0F |atp=8GeVic
g S 40 2 2 40
i i i i
30 30
20 20
10 10
n o n [
60| ::‘gi're\aled Hit 60 60 ::‘gi'lela‘ed Hit
50
2] 1] 2 2 atp eV/c
g 40 ] g 40 g 0
i I o o 30
30 30
20 20 20
10 10 10
AR AP n I n
70 o
Digi-related Hit 1
60— Hit [
50 i
g g %’ atp =15 GeV/c
Q Q 2 40 4
i i i
30 !
20
10




== L MC Simulation: electronic response

» Digitization: PndEmcDigi

- [ ] L] L] L]
* Cry sta CNergy Ed' VA EH't differences are similar at different EY
1200 5 2500
,, 1000 @ 5 @ 2000
5 800 s E i’ 1500
3 600 3 1000 3
C C 1000
400F E
200 F 500
BULUE E 3500
2500 E 3000
» = » 2500 1)
Z 2000 = E = 2500
£ ; G 2000F 2 5000
1500 £ 2
3 F < 15005 3 1500
1000F E 1000
5001 E 500
4000
3500
£ 3000 £ 3000
< <
S 2500 3 2500
22000 3 2000
1500
1000
500
2 2 2
< < <
2 2 2
k=) k=) k=)
o o ©




