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Physical Goals of DAMPE

10° The plastic scintillator
detector (PSD)
The silicon tracker (STK)

10" 4
"_lt The BGO calorimeter (BGO)
E 10_1 ] The neutron detector (NUD)
S
% a4
3
R 1073 - e T +_opiffusc v background

Extli)agaklactic | 4 T+ B am . .
[T TI ﬂ» o [ Indirect search of dark matter particles
107 He=—1F "; [0 Cosmic ray physics
e ','
CRDBY| 0O Gamma ray astronomy research

10 10' 102 10® 10* 10° 105 10" 10® 10° 1010 101!
E [GeV]
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E® x Flux (m2 s~ sr! GeV?)

250

200
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100

50

—e— DAMPE (this work)
H.E.S.S. (2008)

I H.E.S.S. (2009)

- —=— AMS-02 (2014)

| —— Fermi-LAT (2017)
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1 llll
1,000

10,000

[0 High-energy cosmic-ray electrons may enable
the observation of phenomena such as dark-
matter particle annihilation or decay.

[0 Limited event statistics lead to large statistical
uncertainties in the high-energy range.

[0 Possible proposal: to use events rejected by
geometric cuts.

3500
30001
25001 -
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1500

Acceptance [em?sr]
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L 1 1
10° 10! 102 103 104 55
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Geometric Cuts

600/ axis-units: mm %

- y
200/ / i » Possible particle source for

E satellite: almost the whole
O upper hemisphere;

o » Strict geometric cuts (fiducial

H::Hi::l{"’:li{i:j;: selection) give our detectors
T full play to the performance;
oo SNENT mEn » If we unset the geometric cuts,

f — tradition reconstruction may
—eoor / not work. New method to be
_800:_ C: = ] NUD developed!

Co b b b Yo b v b b a1y

-600 -400 -200 0o 200 400 600
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DAMPE
Calorimeter
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DAMPE Calorimeter

Summary of designed parameters and expected performance of the BGO calorimeter

Parameter Value
?(22 BEObare) "~ Active area 60 cm X 60 cm (on-axis)
Depth (radiation lengths) 32
Sampling > 90%
Y Layer Longitudinal segmentation 14 layers (~2.3 rad. lengths each)
Lateral segmentation ~1 Moliere radius
14 Layers Parameter of BGO crystal
Density 7.13g/cm3
Nuclear interaction length(4;) 22cm
Radiation length(Xo) 1.12cm
Moliere raidus 2.23cm
Energy loss (for MIPs) 9.2 MeV/cm

Main purposes of BGO calorimeter:
1. Measuring the energy deposition of incident particles;

2. Imaging the 3D profile of the shower development.
2026/06/09 8



Layer number

Layer number

Non-fiducial Events

Non-fiducial event, Kinetic energy: 1052 [GeV]

o [+)} = N o
I : 1 I 1

X2 view 2 view
: o Fiducial selection in DAMPE:;
‘; T 5 » Rejecting events that enter the calorimeter
; E, from the sides;
- » Rejecting events where the shower
TR e TOTEOn T e direction cannot be reconstructed;
numbe;idudal o et e 38 e o » Ensuring that the reconstructed shower
il 0 i direction extrapolates to the top and
2 bottom of BGO.
i For non-fiducial events:
Only invert the last cut.

01234567 89101112131415161718192021 01234567 89101112131415161718192021
Bar number Bar number

2026/06/09 9



Classical Method with MC Electrons

Classical Energy Reconstruction:
» Sum total deposited energy;
» Bayes unfolding to get primary energy.

Monto Carlo:

» Geant4 (version 10.05), FTFP-BERT
» Isotropic electrons;

» Energy range: 100 GeV — 24 TeV;,

> Energy distribution: E~> power law;

Correction Method:
Consider the character of the shower.

EnergyRatio vs IncidentEnergy

10?

Relative Energy Error:
E

Ekin

|

E..J/E
| |||||| -

r=1-—

10

Lcpsemensaneraling . PRI oY PR CPP SR FEom T PR T TR Fcr eowor |
200 400 600 800 1000
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Normalized number of events

Normalized number of events

107 4

-
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Classical Method with MC Electrons

Kinetic Energy: 100-393 [GeV]

CZZ3 Non-fiducial Erec
223 Non-fiducial Ecorr
[ Fiducial Erec
[ Fiducial Ecorr

O.'OO 0‘65 O.iO 0:15 0"20 0.25
Relative energy error

(a) 100-393 GeV

Kinetic Energy: 1549-6097 [GeV]

223 Non-fiducial Erec
223 Non-fiducial Ecorr
[ Fiducial Erec

[ Fiducial Ecorr

e
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(c) 1549-6097 GeV
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Normalized number of events

Normalized number of events
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Kinetic Energy: 393-1549 [GeV]
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[ Fiducial Ecorr
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(b) 393-1549 GeV

Kinetic Energy: 6097-24000 [GeV]

223 Non-fiducial Erec
223 Non-fiducial Ecorr
[ Fiducial Erec

[ Fiducial Ecorr

-0.10
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(d) 6097-24000 GeV

Mean of (Exin — E)/Ekin

0.08

0.06 1

Mean value
o
E

0.02

0.00

——Y
[ R——— L
o v-—--v——--v———-w— >
-
—p N & s M
e _--+—---+-----|--—-_.—--——+
_____ PREpREE
_,,_-—4-
___________ T e S S ——— )
' T
10% iy

Kinetic Energy [GeV]

-¥- Non-fiducial Erec
-+~ Non-fiducial Ecorr
—— Fiducial Erec
= Fiducial Ecorr

95% Energy containment of (Exj, — E)/Exin

0.050 - -
e

0.045 P ad
4-1' _._———'.'--
5 _-e-"

0.040{ -~
€
£
o 0.035
4
5
S o0.030
>
go,ozs )

A TR Tt dadiaah Al T P
N ——— S S

"'C" SGa w

0.015 w

10° 104
Kinetic energy [GeV]

-¥- Non-fiducial Erec
-@- Non-fiducial Ecorr
—#— Fiducial Erec
—&— Fiducial Ecorr

11




I o0

CNN Method
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Convolutional Neural Network

Conv-1

VGG-16 CNN Architecture

Conv-2

Conv-3
Conv-4

Conv-5

FC-6 FC-7 FC-8
O e i Rt

1 x1x4096 1x1x1000

14 x 14 x 512
28 x 28 x 512
56 % 56 x 256 R
LA
1Y% 112 x 128 @ convolution+ReLU
@ max pooling

T—[] fully connected+ReLU

L
224 x 224 x 64

2026/06/09

Convolution Neural Network:

» Translation invariance

» Focus on local feature

» Widely used to recognize image

CNN for HEP:

» Reconstruction: Calibrating
reconstructed energies

» Unfolding: Recover real
distributions from
measurements

» PID: electron, proton, pion
identification

>
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Convolution Step
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CNN Model Structure

Input

14x22x1 T

Conv2D
32 filters
33
Relu

_JWaxPooIinc
4 Rl

2X2

Conv2D

64 filters L Flatten
3x3 1D
Relu

+%300 neurons{

Dense

20% dropout

-3 150 neuronsf

Dense

20% dropouf

- 60 neurons 1

Dense

10% dropouf

—s]

Output
1 neuron

2026/06/09
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Layer number

Model Detalls

Fiducial event, Kinetic energy: 438 [GeV]

01 2 3 456 7 8 91011121314151617 1819 2021
Bar number

Input format

2026/06/09

Code: TensorFlow 2
Convolutional kernels: 3x3
ReLl.U activation function

Dropout layers added
Loss function: MSE

1 m

- = )2

— ) =)
i=1

Linear activation function for output layer
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Normalized number of events

Normalized number of events

Relative Energy Error

Kinetic Energy: 100-393 [GeV]
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Kinetic Energy: 6097-24000 [GeV]
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Kinetic Energy Spectrum
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+ True spectrum in MC
CNN

<+ unfolded CNN

» Agree well with the kinetic energy;

» Unfolding procedure is not needed to
compute electron flux;

» Avoid edge effects of unfolding.

unfolded CNN
CNN

-+
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data/MC ratio

A.U.

data/MC ratio
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Application in Flight Data

Reconstructed Energy: 300-305 [GeV]
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Reconstructed Energy: 400-410 [GeV]
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data/MC ratio
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data/MC ratio

Reconstructed Energy: 300-305 [GeV]

J Data (Electron)
1:1 =21 MC (Electron)

20 340
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Reconstructed Energy: 400-410 [GeV]
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» Set narrow Eo range due to
inaccessible kinetic energy;

» The qualitative behavior of the CNN
1s similar between data and MC.

Mean value of the CNN energy reconstruction method

1000

800

600

Mean value [GeV]

400

200
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Erec[GeV]

95% energy containment
of the CNN energy reconstruction method
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Summary

v" Loose fiducial cuts help enhance the acceptance;

v" Traditional energy reconstruction performs badly on non-fiducial events;

v" The paper takes an attempt to improve the energy reconstruction with CNN;
v" No more need of unfolding method with this CNN method;

v" A significant progress in accuracy and precision of estimating the initial energy.

THANKS!
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Fiducial e/p Discrimination

103 i { '\\x \\x T S N ) T M B LIS B N B N B L B N | LI I LA B B N N B B L B B B
300 | —— Flight Data .
i —— MC Electron
o b 250 [ MC Proton E
s 12 C —— MC Electron+Proton -
' d = .
'_‘VJ n (¢)] 3 L n
olzm “second knee” Lﬁ 200 N =
| L i
g 10- B B
> 107 8 - i .
O, o 150 =1
= “ankle” .CE2 - :
s [ j 2 00
. Z 100 =
R 103 s T _Diffuse v background i I * * i
++ -+—+ r + * | i
Extragalactic T e B + + rottat iy
v-ray background TI “T—Jr ‘ \ 50 i ; . ‘.‘ | + URER + ! + il
< B PR h I
o\ bt I L T Ll
10_5 i T — 1 | \\\Q\ ”i 0 ¥ T, ! { fon r".“"r-.—»' R AR ol O D1 R N ol il O O i | ] ]
o 5 10 15 20 25 30 35 40 45 50
# CRDB* .

100 101 102 10% 10* 10° 105 107 108 10° 10'© 101!
E [GeV]

2026/06/09 23



Longitudinal Shower Profile

dE()  (BO“L B e Ft

Fraia el (@)

a: shape parameter;
f: scaling parameter
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Energy per radiation length (MeV)

Energy per radiation length (MeV)

Longitudinal Shower Profile
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Longitudinal Shower Profile
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(c) 500 GeV MC electron

Energy per radiation length (MeV)

Energy per radiation length (MeV)

Longitudinal Shower Profile

5000

4000

3000

{llllllllllll

LI B B B s s B B B B B By B B By B B B By s e
T T T T T T

. PO 4.565e+04 + 324.5
p1 7.053 +0.02831
p2 0.5172 + 0.00586

Electron_50GeV

FitTmax =7.053

IIII|IIII|II!\‘lllllll|||||

B °
2000—
1000/—
8 57 A VSN (PSS, OO ., e
o 5 10 15 20 25 30 35

x10°

Shower Depth (radiation length)

(b) 50 GeV MC electron
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(d) 5 TeV MC electron
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Electromagnetic Showers Energy Correction
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Discussion on Input
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Training and Validation Loss

Training and Validation Loss per Epoch

—&— Training Loss
0.000325 + —&— Validation Loss

0.000300 -

0.000275 A

0.000250 -

0.000225 -

0.000200 -

Mean Squared Error

0.000175 -

0.000150 -

0.000125 -

Epochs
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Response Matrix

Kesponse matrix Kesponse matrix
(CNN corrected energy) (Standard corrected energy)
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Electron Sample Selection

Energy: 200.0-205.0 [GeV]

electron MC

10° Eig
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AU.

AU.

Energy: 300.0-305.0 [GeV]

J L electron MC
10°%: I T proton MC
E 3 &t |/ TotaMC

108

104

20 15 -10 -5 0 5 10 15 20
CNN Score
Energy: 460.0-500.0 [GeV]

- [ Legend
107 F cata
E " B electron MC
proton MC
Total MC

102 7 | P

10&

70 15 20
CNN Score

Arg,A,A,A,l,,,A,A,,,_,,, LA
20 -15 10 -5 (o] 5

» Set narrow Ey . range due to
inaccessible kinetic energy;

» Separate electrons from protons
background with another CNN;

» Remove the sigmoid of the output

layer to check CNN score.
arXiv:2102.05534v2
Energy range [GeV] | proton MC | electron MC | data
200-205 279 4763 4793
300-305 63 1508 1429
400410 63 1246 1215
460-500 254 3045 2988
960-1000 49 401 434

Counts of CNN Score larger than 4
29
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