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Introduction 3

 As we known, in high energy physics the traditional way to do
the mc simulation is using Geant4. Usually, the simulation result
agrees with data in very good precision. However, It requires a
tremendous amount of computation resources and it will be
difficult to meet a demand resulting from large quantities of data.

 Therefore, it Is attractive to develop a faster and efficient
algorithm to do the particle detector simulation. Recently, some
studies proved the Generative Adversarial Networks (GAN)
could be used for particle detector fast simulation.

et GEANT [ e* GAN
y GEANT [y GAN | Simulator Hardware Batch size ms/shower
m+ GEANT n* GAN
GEANT4 CPU N/A 1772
T | 13.1
T e CPU 10 5.11
128 2.19
1024 2.03
CALOGAN | 14.5
4 3.68
GPU 128 0.021
512 0.014
1024 0.012
102 10! 10° 101!
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Random Latent Basic structure

Generator

Generated Data Real Data
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Fake or Real

S

vanilla loss formulation

» Discriminator tries to discriminate the
real data and generated data.

» (Generator tries to produce generated data
which can confuse the discriminator.

» In the end, the discriminator can not
discriminate the real or generated data.
And the generator learns the true
underlaying data distribution.

minmax V(D, G) = By, (s)l0gD(z)] + Buvy (5 log(1 — D(G(2)))

Here, x is real data, G(z) is fake data




RPC: 9 RPC: 8

layers iy ayers
 The BESIII detector Is SC
designed to study physics s
in the T-charm energy o 2|2
region utilizing the high ~ "%¢" 2|3
luminosity BEPCII double  ouadrues , 2
ring ete~collider which  « > = ===

has peak luminosity
1033cm~2s~1 at center-of-
mass energy 3.7/8 GeV.

» 44 rings of crystal in barrel and 120 :
crystals in each ring. The front size of each
crystals is 5x5 cm?, the crystal length is
28 cm .

> 6 rings of crystal in each endcap. A //’m]




“+ Using MC Bhabha events for training.

> Selecting e* at barrel region.
> The position of et MDC track extends to EMC is chose as the

center. Hit energy in 11x11 calorimeter cells are considered.

» ~ 450000 training events.

e~ (Mom = 1.8 GeV, A8M°™= 0.5°, ApM°™= —5.1",
AZP°S = 0.6 cm, A$F = 0.6°,Z = —118.5 cm)
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The model
m;)lx IIE:x~p(data)Iog(D(X)) + IIE:9?~p(fake)I()g(:l-'D(J/C\)) D(x)

@ | v == Discriminator === score

X/ ﬁal
7, D(%)
Nosie+y oy
" / fake 2
M By rake100(1-D@) + 1Tl (pretrained)

s They (y;+ y,) contains the momentum of particle and the relative position and angular between

the particle and the calorimeter.
© N
» Momentum: the momentum of the particle.
> ApMO™: the ¢ difference between the momentum of incoming particle and the direction of the crystal.
> AMom: the @ difference between the momentum of incoming particle and the direction of the crystal.

> AZPOs: the Z difference between the hit point of incoming particle and the z of front center of the crystal.
> APPOs: the ¢ difference between the hit point of incoming particle and the ¢ of front center of the crystal.
» Z:the Z value of hit point.

O Pre-trained regressor for the particle parameters prediction makes our model conditional.



The model 8

Generator Nosie(512) +y | Discriminator | Input(11x 11) +y

Dense(20*4*4)+Reshape(4,4,20) normalize

UpSampling3D(3,4) Conv3D(16, (2, 2, 2))+LReLU

2% { Conv3D(8, (2, 2))+ReLU } 3x {Conv3D(8, (3, 3, 3))+LReLU+Dropout(0.2)}

i +
Conv3D(8, (3, 3))+ReLU AveragePooling2D+Flatten

concatenate(minibatch_discriminator, mc_info, energies,
Conv3D(1, (5, 5))+ReLU sparsity)+Dense(1)

Output (real/fake) score
Output (11x 11)



some generated events (¢~ )

e”(Mom = 1.8 GeV,ApMo™= 0.5°, ApMom= —5.1", e”(Mom = 1.7 GeV,AgM°™= 1.0°, ApMom= —5.3", e‘(l\ggsm =18 GeV,PA()(SéM"m: 0.9°, ApMom= —7.8",
AZPOS = 0.6 cm, AGPS = 0.6',Z = —118.5 cm) AZPOS = 1.5 cm, AGPOS = ~1.0°,Z = —67.7 cm) AZ° = 0.cm, Ag™ = —14,Z = ~136.1 cm)

e (Mom=1.8 GeV, A6"°™=0.9, Ag"°"=-7.8 , AZ°*=0.0 cm, A¢"*=-1.4, Z=-136.1 cm)

e (Mom=1.8 GeV, 46""=0.5 , Ag""=-5.1, AZ***=0.6 cm, A0°**=0.6 , Z=-118.5 cm) e (Mom=1.7 GeV, 46""=1.0', Ag""=-5.3, AZ***=1.5 cm, A¢P*=-1.0, Z=-67.7 cm)
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It looks fine for the events from GAN.



some generated events (¢ * )

e et (Mom = 1.8 GeV, A@Mom= —1.8°, ApMo™= 85",

cell ¢

cell

*(Mom = 1.8 GeV, A@Mom= _1.1°, ApMom= 8 4°,

AZP%% = 0.0 em, AP = 0.1°,Z = 111.2 cm)

e* (Mom=1.8 GeV, A8""=-1.1, Ag"°"=8.4", AZ°*-0.0 cm, A6P*=0.1, Z=111.2 cm)

o G4

e* (Mom=1.8 GeV, A6"*"=-1.1, Ao"°"=8.4", AZ°*=0.0 cm, A¢"*=0.1, Z=111.2 cm)
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It looks fine for the events from GAN.

cell ¢

cell ¢

AZPO% = 0.9 cm, ApTOS = —0.2°,Z = 120.1 cm)

e* (Mom=1.8 GeV, A6""=-1.8", A¢"°"=8.5', 4Z°**=0.9 cm, 4¢°*=-0.2, Z=120.1 cm)
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e* (Mom=1.8 GeV, A68""=-1.8', Ag"°"=8.5', AZ"*°=0.9 cm, 4¢°®=-0.2, 2=120.1 cm)
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some distributions (¢ )
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some distributions (¢ *)
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some distributions for reconstruced particle (¢ )
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some variahles for reconstruced particle [ ) L

218001 toa 218001 tos =R boa S 3000~ o
® r @ F %3000 ® L
g 16007 I baan 21600 h dean T TOAN S o500/ o
%.0- E cluster % . E Shower %00 E DXD g=o- F 3X 3
L J r r [ F
12001 1200 ¥ r 2000—
r [} o [ 2000~ L ¥
1000} il. 1000} 4 F r
F F 4 F 1500
800| 8001 1500~ r L
6001 l 600 1000- I 10001
400 400 . r
F r 500~ 500+
200+ 200F r [
0* L | il | | G: n | | I | 0: | L | n 0*
0 02040608 1 1.2 14 16 1.8 2 0 02040608 1 1.2 1.4 16 1.8 2 0 02040608 1 1.2 14 16 1.8 2 0 02040608 1 1.2 14 16 1.8 2
Edlusier B8V Efhoner GEV ef,; GeV €5 GeV
o - L r
23500 e e E 23500
=] L +G4 = L I ter 2ndM0m 4G4 ~ 1800 4G4 o F +G4
% . E shower Sosool  CIUS 5. F > F
£ 00 22500, o Z1600- shower 2ndMom £4000. shower a20Mom .
@ - Mommdc & & 14000 i
2500 — . 2000~ E 2500 —
r . + y 1200 + r
. E F F
2000~ 1500F 1 1 1000~ : 2000 -
C [ s r » r
1500 LY 800+ 1500F
r 1000 F F
. L — .
1000 C % 800 " 1000"
F - 400 - r
500~ soop : " 500 -
E H r 200~ S IR E .
0 0 PSR S TOPTIPITININT s, <= SOOI hisiaiaiel uﬂl;['J..‘.\..‘.ﬁ::'
0 02040608 1 121416 18 2 0 10 20 30 40 50 60 70 80 90 100 0 5 10 15 20 25 30 35 40 45 50 87075 ""08 o085 09 095 1
Eyhower Prnce 2ndMom? ., 2ndMom?, .. a20Mom?, ., GeVic
- F o 24005 & 2500[~ - r
< 3000 +Gd o £ +G4 o L +Ga o 5 +G4
=7 shower a42Mom =220 shower X  Ish Tes0- o
= r *+GAN 82000 *+GAN EZOQOLS 0W€r y +GAN ® - S OWGr Z *=GAN
£ 2500 - 5 E 5 [ § r
525001 7 18000 & f 0 2000
r 1600 5 r
2000 [ # 1400F 1500+ C
: T 1200 : 15001 ;
1500 * 3 [ r
r 1000f 1000+ F
r £ s 1000 *
1000 sooE” L. ! : :
. 600[ .t L e r
F M’H"’r‘* 500~ L’J.-L"ﬁo—a—-ﬂ—t—"‘ r
r 400 500
500 E 5 r .
F -l 200f L [
) S P S N B P i .2 TSN T N N PR T P DR PO PR T T I P P Y DR PO PR pwanteee®®™ )
0 0.020.040.060.08 0.1 0.120.140.160.18 0.2 N00-80 B0 -40-20 0 20 40 60 80 100 N00-80 B0 -40-20 0 20 40 60 80 100 956" %00 50 0 50 100 150
a42Mom?, ., GeVic XEhower CM Y ehower S —_—



Short summary 1

» In general, the results from GAN looks good, although the
agreement between Geant4 and GAN still need to be

Improved.
» It is shown that GAN may be a solution for the fast

calorimeter simulation in BESIII.

d Now lets do the GAN study in CEPC !
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» The Circular Electron Positron Collider
(CEPC) is a large international scientific
facility proposed by the Chinese particle
physics community.

» The CEPC will be hosted in China in a
circular underground tunnel of
approximately 100 km in circumference.

> It is designed to operate at around 91.2
GeV as a Z factory, at around 160 GeV
of the WW production threshold, and at s | Bl loge e W)
240 GeV as a Higgs factory. 6983mm 4143mm  2350mm




Using particle gun to hit ECAL harrel [(CEPC v4) L

¢ The single photon (electron) particle gun samples are
used for training.
o Energy in[1, 100] GeV uniformly
o 6 in[50, 140] degree uniformly
o ¢ in[-15, +15] degree uniformly
O Only hits from Ecal barrel are used and they are
within 15 calorimeter cells range with respect to the
first hit cell.

/generator/generator particleGun
/gun/position 0 0 0 mm
/gun/direction 1.0 0.0 0.0 7(1-100 GeV) ¥ (1-100 GeV)
/gun/momentum 55 GeV
/gun/momentumSmearing 45 GeV
/gun/phiSmearing 15 deg
/gun/thetaSmearing 50 deg
/gun/directionSmearingMode
uniform
/gun/momentumSmearingMode
uniform

/gun/particle e-/gamma
/run/beamOn 100000

cell X
cellY

cellZ cellZ




Energy shower of vy in Ecal

y (Mom = 93.3 GeV, 8;,, = 85.1°, p;, = —8.4°,
AZP°S = —0.1 cm, AYP?S = —0.4 cm, Z = 16.1 cm)

18

¥ (mom=93.3 GeV, Bi“:85.1, ¢m:-8.4, dz=-0.1 cm, dy=-0.4 cm, Z=16.1 cm) ¥ (mom=93.3 GeV, Bi“:85.1, ¢m:-8.4, dz=-0.1 cm, dy=-0.4 cm, Z=16.1 cm) ¥ (mom=93.3 GeV, Bi“:85.1, ¢m:-8.4, dz=-0.1 cm, dy=-0.4 cm, Z=16.1 cm)
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Y (mom=93.3 GeV, 6, =85.1, ¢, =-8.4, dz=-0.1 cm, dy=-0.4 cm, Z=16.1 cm) Y (mom=93.3 GeV, 6, =85.1, ¢, =-8.4, dz=-0.1 cm, dy=-0.4 cm, Z=16.1 cm) Y (mom=93.3 GeV, 6, =85.1, ¢, =-8.4, dz=-0.1 cm, dy=-0.4 cm, Z=16.1 cm)
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Energy shower of vy in Ecal

vy (Mom = 95.9 GeV, 8;,, = 63.8°, p;, = 14.8’,
AZP = 0.4 cm,AYP?S = 0.5 cm,Z = 76.2 cm)
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¥ (mom=95.9 GeV, Bi“:68.3, ¢m:14.8, dz=0.4 cm, dy=0.5 cm, Z=76.2 cm) ¥ (mom=95.9 GeV, Bi“:68.3, ¢m:14.8, dz=0.4 cm, dy=0.5 cm, Z=76.2 cm) ¥ (mom=95.9 GeV, Bi“:68.3, ¢m:14.8, dz=0.4 cm, dy=0.5 cm, Z=76.2 cm)
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Some distrihutions for v See similar results for electron in backup 20
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Apply GAN and do event reconstruction using mc samples 21

Using ete™ — Z(vv)H(yy) mc samples and comparing the properties of reconstructed gamma.
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Apply GAN and do event reconstruction using mc samples 22

Using ete™ — Z(vv)H(yy) mc samples and comparing the properties of reconstructed gamma.
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Apply GAN and do event reconstruction using mc samples 23

Using ete™ — Z(vv)H(yy) mc samples and comparing the properties of reconstructed gamma.
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Looks fine, but still need to be improved.



summary and Outlook 24

“» We performed the simulation of calorimeter with GAN In
BESIII and CEPC. In general, the results from GAN looks
good which shows the potential of GAN for fast
calorimeter simulation.

“* However, there are still some discrepancies between GAN
and Geant4, especially for marginal region.

(] Next to do:

» Try to improve the performance of GAN. In the study we found
the GAN is unstable which is well- known. We are going to try
with with gradient penalty which seems more
stable in the training.

» As we have huge BESIII real data, so we can training the GAN
using real data and apply it for simulation and check the
agreement between data and simulation.


https://arxiv.org/pdf/1704.00028.pdf

Ihanks for YOUr attemtion
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> [besfs/groups/cal/emc/liucx/BhabhaCalib/mcdata/bb703/bb1776 703 2017*
> Select et :
» EvtRecTrack. isMdcTrackValid && EvtRecTrack. isExtTrackValid .
» EvtRecTrack. isEmcShowerValid && RecEmcShower .energy > 40 MeV .
» RecEmcShower. getCluster '=0 .
> RecMdcTrack. Charge > 0 for e™ and < 0 fore™ .
> Select one e* and one e~ with highest momentum according to RecMdcTrack. P .
> Finally the |cos8| < 0.83 is asked for selected e*.
» ~ 450000 training events.
» The position of MDC track extends to EMC is chose as the center. Hit energy in 11x11
calorimeter cells are considered.

Bhabha e- Bhabha e+

14000

cell ¢
cell ¢

12000
12000

10000
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8000
8000

6000 6000

4000 4000
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Energy deposition in Z-phi plane [ ) 28

e (Mom=1.8 GeV, 46"°"-0.3", Ag"™=-5.7, AZ°*=1.5 cm, 207=-0.7', Z=-109.7 cm) e (Mom=1.8 GeV, A6"°"-0.8', A¢"*"=-6.7 , AZ°°=0.8 cm, A9"®=-1.0', Z=-110.4 cm)
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> ApMo™: the ¢ difference between the momentum of
incoming particle and the direction of the crystal.

> AMo™: the 9 difference between the momentum of
incoming particle and the direction of the crystal.

> AZPoS: the Z difference between the hit point of
incoming particle and the z of front center of the
crystal.

> A@FOs: the ¢ difference between the hit point of
incoming particle and the ¢ of front center of the
crystal.

» Momentum: the momentum of the particle.

> Z

< Due to the e~ (e*) is mostly at negative (positive) Z
region, the e~ (e*) at positive (negative) is not used.

Input(11x 11) + AZP°S, ApPS, 7

Normalize

Conv2D(64, (2, 2))+ReLU+MaxPooling

Conv2D(128, (2, 2))+ReLU+MaxPooling

Flatten+Dense(100)+Dense(10)+Dense(3)

Ouput
Mom, AQMom, Ad)Mom
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Regressor performance ()

— 0 — 5
8 T -3 8 T
<) r > L
o —2r : o L
T A = 4
e C - -l _13p £ L
2 4 ApMom - s
E=S C ) =
4 C . < 40
3 : %S 3T
2 L .t . o L
3 -8 : K A 3 o
o C e 20 o
-10p R ' -
2k .I: .. " 15 1:
,14: . " 10 0:
~16F : -
L 5 -1
-18F "
72920 -18 -16 -14 -12 10 -8 -6 -4 -2 0 0 _%2 -1 0 1 2 3 4 5 0
True A9™°™ (degree) True ABM™ (degree)
= 2.2
% - ) . —160
S o Momentum'
o y 140
E 1.8: N _'__, . :
S 16 e S y'°
3 L R A
5 14¢ o 100
o) - - i b
o r - AN
a 1 2_ -g--h:'- 80
1
i L 60
0.85 A
F R Kl 40
0.6-
0.4 i ' 20
0'8.2 04 06 08 1 12 14 16 18 2 22 0
True Momentum (GeV)



31

Regressor performance (¢ )
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Generator and discriminator architecture (CEPC) oz

Generator  Nosie(512)+(Mom, 6, ¢, 2) W Input(30x30x29)

Dense(6*6*6*8)+Reshape(6,6,6,8)

normalize

UpSampling3D(5,5,5)+RelLLU

Conv3D(16, (2, 2, 2))+LReLU
3x { Conv3D(8, (6, 6, 8))+ReLU }

Sl & 4, BFRELS 4 {ConvaD(8, (3, 3, 3))+LReL U+Dropout(0.1)}

Conv3D(6, (3, 3, 5))+RelLU
AveragePooling3D+Flatten+Dense(1)
Conv3D(1, (2, 2, 2))+ReLU

Cropping3D Ouput (real/fake)

Output (30x30x29)



Regressor architecture and performance [y) 33

Input(31x31x29)+
s T s AZPOS, AYPOS 7
S 100
e  Momuntem e
§ 80— i
E oo Normalize
3 60
o i 15
o 0 Conv3D(16, (5, 6, 6))+LReLU
20~ 5
N I R T 3x{Conv3D(8, (5, 6, 6))+LReLU+Dropout(0.1)}

True Momentum (GeV)

AveragePooling3D+Flatten

Predicted ¢m (degree)

10 Concatenate(calo_energy)+Dense(3)
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Ouput (Mom, 6, ¢)



Regressor architecture and performance [c ) "
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Energy shower of c— inEcal [cepc vd) | 1 0on /25l en =3 on =52, | 35

e (mom=74.2 GeV, 6,=63.3, q)m:S.Z, dz=-0.1 cm, dy=0.2 cm, Z=93.4 cm) e (mom=74.2 GeV, 6,=63.3, q)m:S.Z, dz=-0.1 cm, dy=0.2 cm, Z=93.4 cm) e (mom=74.2 GeV, 6,=63.3, q)m:S.Z, dz=-0.1 cm, dy=0.2 cm, Z=93.4 cm)
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Some variahles for - — (cepc v4)
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> Dataset:

/cefs/data/FullSim/CEPC240/CEPC_v4/higgs/E240.Pnnh_aa.e0.p0.whizard195/nnh_aa.e0

ete™ -» Z(vwW)H(yy)

.p0.0000*_sim.slcio
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The model

3D convolutional Generative Adversarial Networks

Condition training on input variables, Custom losses

Auxiliary regression tasks assigned to the discriminator

Batch Zero
~, Weight kernel i i
Latent Foxy z normallzaj:l.c:_-r"l ------
space " Convolution
3-5 are
similar
Angle Resnape " i A _ - _ _
Energy Upsampling Convolutionl Convolutions Convalutions Convolution? Generated
(6, 6, 6)
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- Generator
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------------------------------------------------------------------
1 b Realfake I
%=

Flattening

Discriminator



—1850[
o SET I
1800 I
x I A
. | &=
. | =
TPC [
. / ”
- [
350 /r’lcosﬂlsﬂ.923
i s
B //
300 7
N s
- v f.-”
- - //
250[— //' FTD -
B e ~" |cosb|=0.969
[ 4 A
200 yd s
B s P
- SIT yd L~
150 4 e
B 7 P -
= / Pl T
= Vi .-‘/ P -
100 V _t e |cost|=0.993
“VTX | 7 T
50_ ////4" -_-r.-“___,..--"'.-.
- 7~ _+-—" | Beampip
02’-—?"4;" po-d=n- - f kel Rebutel Sl N SR S 1 { ! [ | | ] ] ] | ]
0 200 400 600 800 1000 -« = 2400
Z  [mm]

Figure 4.1: Preliminary layout of the tracking system of the CEPC baseline detector concept. The
Time Projection Chamber (TPC) is embedded in a Silicon Tracker. Colored lines represent the posi-
tions of the silicon detector layers: red lines for the Vertex Detector (VTX) layers; orange lines for
the Silicon Inner Tracker (SIT) and Silicon External Tracker (SET) components of the silicon tracker;
gray-blue lines for the Forward Tracking Detector (FTD) and Endcap Tracking Detector (ETD) com-
ponents of the silicon tracker. The cyan lines represent the beam pipe, and the dashed red line shows

the beam line position with the beam crossing angle of 16.5 mrad. The ETD line is a dashed line|

because it is not currently in the full simulation. The radial dimension scale is broken above 350 mm
for display convenience.



Using particle gun to hit EGAL barrel (GEPG_v4) "

/generator/generator particleGun
/gun/position 0 0 0 mm

/gun/direction 1.0 0.0 0.0
/gun/momentum 55 GeV
/gun/momentumSmearing 45 GeV
/gun/phiSmearing 15 deg
/gun/thetaSmearing 50 deg
/gun/directionSmearingMode uniform
/gun/momentumSmearingMode uniform
/gun/particle e-/gamma

/run/beamOn 100000

Using ECAL only.

Use magnetic field.

The digitalization is applied.
The hit point of incoming
particle at first layer
(x=1.85m) is chose as the
center of Z-Y plane. Besides,
lhit_point_y|<0.5 m and
lhit_point_z|<2m is required.
» Only consider the hits within
radius of 150 mm.

Y (1-100 GeV) Y (1-100 GeV)

cell X

VV VYV

cell Z cell Z



