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➢Introduction.

➢Generative Adversarial Networks (GAN). 

➢GAN in BESIII.

➢GAN in CEPC.

➢Summary and outlook.
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❑ 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.

PRL 120, 042003 (2018)
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➢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.

vanilla loss formulation

Basic structure

Here, x is real data, G(z) is fake data
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z𝑒+ 𝑒−➢ 44 rings of crystal in barrel and 120 

crystals in each ring. The front size of each 

crystals is 5×5 cm2, the crystal length is 

28 cm .

➢ 6 rings of crystal in each endcap.

❑ The BESIII detector is 

designed to study physics 

in the 𝜏-charm energy 

region utilizing the high 

luminosity BEPCII double 

ring 𝑒+𝑒−collider which 

has peak luminosity 

1033𝑐𝑚−2𝑠−1 at center-of-

mass energy 3.78 GeV.

Zoomed EMC
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❖Using MC Bhabha events for training. 

➢Selecting e± at barrel region.

➢The position of e± MDC track extends to EMC is chose as the 

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

➢~ 450000 training events.

e−(Mom = 1.8 GeV, ∆θMom= 0.5°, ∆ϕMom= −5.1°,
∆ZPos = 0.6 cm, ∆ϕPos = 0.6°, Z = −118.5 cm)

e+(Mom = 1.8 GeV, ∆θMom= −1.1°, ∆ϕMom= 8.4°,
∆ZPos = 0.0 cm, ∆ϕPos = 0.1°, Z = 111.2 cm)
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𝑚𝑎𝑥
𝐷

𝔼𝑥~𝑝(𝑑𝑎𝑡𝑎)log(D(x)) + 𝔼 ො𝑥~𝑝(𝑓𝑎𝑘𝑒)log(1-D( ො𝑥))

𝑚𝑖𝑛
𝐺

𝔼 ො𝑥~𝑝(𝑓𝑎𝑘𝑒)log(1-D( ො𝑥)) + ||𝑦1−ෞ𝑦1||1

Nosie+ y Generator

Regressor
(pretrained)

Discriminator+ 𝑦𝑟𝑒𝑎𝑙

real

fake
ෞ𝑦1

score 

D( ො𝑥)

D(x)

+ y 

𝑥

ො𝑥

❖ The y (𝑦1+ 𝑦2) contains the momentum of particle and the relative position and angular between 
the particle and the calorimeter.
o 𝑦1

➢ Momentum: the momentum of the particle.

➢ ∆ϕMom: the ϕ difference between the momentum of incoming particle and the direction of the crystal. 

➢ ∆θMom: the θ difference between the momentum of incoming particle and the direction of the crystal.

o 𝑦2
➢ ∆ZPos: the Z difference between the hit point of incoming particle and the z of front center of the crystal. 

➢ ∆ϕPos: the ϕ difference between the hit point of incoming particle and the ϕ of front center of the crystal.

➢ Z: the Z value of hit point.

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

+ 𝑦2
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Input(11× 11) + y

normalize

Conv3D(16, (2, 2, 2))+LReLU

3× {Conv3D(8, (3, 3, 3))+LReLU+Dropout(0.2)}

AveragePooling2D+Flatten

concatenate(minibatch_discriminator, mc_info, energies, 
sparsity)+Dense(1)

Output (real/fake) score

Nosie(512) + y

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

UpSampling3D(3,4)

2× { Conv3D(8, (2, 2))+ReLU }

Conv3D(8, (3, 3))+ReLU

Conv3D(1, (5, 5))+ReLU

Output (11× 11)

Generator Discriminator
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e−(Mom = 1.8 GeV, ∆θMom= 0.5°, ∆ϕMom= −5.1°,
∆ZPos = 0.6 cm, ∆ϕPos = 0.6°, Z = −118.5 cm)

e−(Mom = 1.7 GeV, ∆θMom= 1.0°, ∆ϕMom= −5.3°,
∆ZPos = 1.5 cm, ∆ϕPos = −1.0°, Z = −67.7 cm)

G4 G4

e−(Mom = 1.8 GeV, ∆θMom= 0.9°, ∆ϕMom= −7.8°,
∆ZPos = 0. cm, ∆ϕPos = −1.4°, Z = −136.1 cm)

GAN GAN GAN

G4

It looks fine for the events from GAN.
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e+(Mom = 1.8 GeV, ∆θMom= −1.9°, ∆ϕMom= 9.2°,
∆ZPos = 1.1 cm, ∆ϕPos = 0.2°, Z = 128.6 cm)

G4

e+(Mom = 1.8 GeV, ∆θMom= −1.8°, ∆ϕMom= 8.5°,
∆ZPos = 0.9 cm, ∆ϕPos = −0.2°, Z = 120.1 cm)

G4

GANGAN

e+(Mom = 1.8 GeV, ∆θMom= −1.1°, ∆ϕMom= 8.4°,
∆ZPos = 0.0 cm, ∆ϕPos = 0.1°, Z = 111.2 cm)

GAN

G4

It looks fine for the events from GAN.
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෍Hit energy
E 5 × 5

MomMdc

σHit energy

MomMdc

Energy deposited in 𝜙 direction Energy deposited in 𝑍 direction 

Energy of calorimeter cells
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Energy deposited in 𝜙 direction Energy deposited in 𝑍 direction 

Energy of calorimeter cells

෍Hit energy
E 5 × 5

MomMdc

σHit energy

MomMdc



13𝑒−

E cluster E shower E 5×5 E 3× 3

E shower

Mommdc
cluster 2ndMom shower 2ndMom shower a20Mom

shower a42Mom shower x shower y shower z



14𝑒+

E cluster E shower E 5×5 E 3× 3

𝐸 𝑠ℎ𝑜𝑤𝑒𝑟

𝑀𝑜𝑚 𝑚𝑑𝑐

cluster 2ndMom
shower 2ndMom shower a20Mom

shower a42Mom shower x shower y shower z
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➢ 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. 

❑ 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 

240 GeV as a Higgs factory.



17CEPC_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

❖ The single photon (electron) particle gun samples are 

used for training.

o Energy in [1, 100] GeV uniformly

o θ in [50, 140] degree uniformly 

o ϕ in [-15, +15] degree uniformly

❑ Only hits from Ecal barrel are used and they are 

within 15 calorimeter cells range with respect to the 

first hit cell.

z

x

y

X-Z plane Y-Z plane



18γ (Mom = 93.3 GeV, θin = 85.1°, ϕin = −8.4°,
∆ZPos = −0.1 cm, ∆YPos = −0.4 cm, Z = 16.1 cm)

X-Y plane
X-Z plane

Y-Z plane

Geant4
GAN

X-Y plane X-Z plane Y-Z plane

See the detailed GAN network in backup



19γ (Mom = 95.9 GeV, θin = 63.8°, ϕin = 14.8°,
∆ZPos = 0.4 cm, ∆YPos = 0.5 cm, Z = 76.2 cm)

X-Y plane X-Z plane Y-Z plane

X-Y plane X-Z plane Y-Z plane

Geant4
GAN
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σHit energy

True energy

Energy deposited in Y direction Energy deposited in Z direction 

log scale log scale

Energy deposited in X(layer) direction 

See similar results for electron in backup
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Using e+e− → Z(νν)H(γγ) mc samples and comparing the properties of reconstructed gamma. 
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Using e+e− → Z(νν)H(γγ) mc samples and comparing the properties of reconstructed gamma. 
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Using e+e− → Z(νν)H(γγ) mc samples and comparing the properties of reconstructed gamma. 

Looks fine, but still need to be improved.
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❖ 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  Wasserstein GAN 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
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➢ /besfs/groups/cal/emc/liucx/BhabhaCalib/mcdata/bb703/bb1776_703_2017*

➢ Select e± : 

➢ EvtRecTrack. isMdcTrackValid && EvtRecTrack. isExtTrackValid .

➢ EvtRecTrack. isEmcShowerValid && RecEmcShower .energy > 40 MeV .

➢ RecEmcShower. getCluster != 0 .

➢ RecMdcTrack. Charge > 0 for e+ and < 0 for e− .

➢ Select one e+ and one e− with highest momentum according to RecMdcTrack. P . 

➢ Finally the |cosθ| < 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 11×11 

calorimeter cells are considered.
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|Z|<125cm
|Z|>125cm
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Input(11× 11) + Δ𝑍𝑝𝑜𝑠, Δ𝜙𝑝𝑜𝑠, Z

Normalize

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

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

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

Ouput

Mom, Δ𝜃𝑀𝑜𝑚, ∆𝜙𝑀𝑜𝑚

➢ ∆𝜙𝑀𝑜𝑚: the 𝜙 difference between the momentum of 

incoming particle and the direction of the crystal. 

➢ ∆𝜃𝑀𝑜𝑚: the 𝜃 difference between the momentum of 

incoming particle and the direction of the crystal. 

➢ ∆𝑍𝑃𝑜𝑠: the Z difference between the hit point of 

incoming particle and the z of front center of the 

crystal. 

➢ ∆𝜙𝑃𝑜𝑠: the 𝜙 difference between the hit point of 

incoming particle and the 𝜙 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.
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∆𝜃𝑀𝑜𝑚

∆𝜙𝑀𝑜𝑚

𝑀𝑜𝑚𝑒𝑛𝑡𝑢𝑚
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∆𝜃𝑀𝑜𝑚
∆𝜙𝑀𝑜𝑚

𝑀𝑜𝑚𝑒𝑛𝑡𝑢𝑚
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Input(30×30×29)

normalize

Conv3D(16, (2, 2, 2))+LReLU

4× {Conv3D(8, (3, 3, 3))+LReLU+Dropout(0.1)}

AveragePooling3D+Flatten+Dense(1)

Ouput (real/fake)

Nosie(512)+(Mom, 𝜃, 𝜙, 𝑍)

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

UpSampling3D(5,5,5)+ReLU

3× { Conv3D(8, (6, 6, 8))+ReLU }

Conv3D(6, (4, 4, 6))+ReLU

Conv3D(6, (3, 3, 5))+ReLU

Conv3D(1, (2, 2, 2))+ReLU

Cropping3D

Output (30×30×29)

Generator Discriminator
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Input(31×31×29)+ 
Δ𝑍𝑝𝑜𝑠, Δ𝑌𝑝𝑜𝑠, Z

Normalize

Conv3D(16, (5, 6, 6))+LReLU

3×{Conv3D(8, (5, 6, 6))+LReLU+Dropout(0.1)}

AveragePooling3D+Flatten

Concatenate(calo_energy)+Dense(3)

Ouput (Mom, 𝜃, 𝜙)

𝑀𝑜𝑚𝑢𝑛𝑡𝑒𝑚

𝜃𝜙
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Input(31×31×29)+ 
Δ𝑍𝑝𝑜𝑠, Δ𝑌𝑝𝑜𝑠, Z

Normalize

Conv3D(16, (5, 6, 6))+LReLU

3×{Conv3D(8, (5, 6, 6))+LReLU+Dropout(0.1)}

AveragePooling3D+Flatten

Concatenate(calo_energy)+Dense(3)

Ouput (Mom, 𝜃, 𝜙)

𝑀𝑜𝑚𝑢𝑛𝑡𝑒𝑚

𝜃𝜙



35γ (Mom = 74.2 GeV, θin = 63.3°, ϕin = 5.2°,
∆ZPos = −0.1 cm, ∆YPos = 0.2 cm, Z = 93.4 cm)

Geant4
GAN

X-Y plane X-Z plane Y-Z plane

X-Y plane X-Z plane Y-Z plane
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Energy deposited in Y direction Energy deposited in Z direction 

log scale log scale

Energy deposited in X(layer) direction 

σHit energy

True energy
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➢ Dataset: 

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

.p0.0000*_sim.slcio

e+e− → Z(νν)H(γγ)

Momentum leading γ Momentum sub − leading γ

M(𝛾𝛾) M reco (𝛾𝛾)
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40CEPC_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, 

|hit_point_y|<0.5 m and 

|hit_point_z|<2m is required.

➢ Only consider the hits within 

radius of 150 mm.


