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DArk Matter Particle Explorer (DAMPE)

Cosmic Ray (CR) / y-ray detector (GeV— PeV)
 |Launched in Dec 2015

* Orbit: sun-synchronous, 500 km

* Period: 95 min

 Payload: 1.4 Tonn

* Power: ~400 W

 Data: ~ 12 GByte / day

Collaboration
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DArk Matter Particle Explorer (DAMPE)

PSD
 /identification up to Zn (Z=30

N . Plastic Scintillator
. anti-coincidence signal

Detector (PSD) 3! licon-Tungsten Tracker
Converter (STK)

 Position solution ~50 micron
. angular resolution 0.5°—0.1° (GeV— TeV)
* Absolute Charge (2) identification

« 31 Xo — thickest In space
* ¢/y detection up to 10 TeV
 p/ions up to 50 GeV — PeV

UD
 Additional e/p rejection capability

Calorimeter (BGO)
Neutron Detector (NUD)

DAMPE collab., Astropart. Phys. 95 (2017) 6-24
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Exploring multi-TeV frontier ...

e CR electrons: direct
detection of ~TeV break
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* CR hadrons: confirmation of spectral hardening at ~few hundred GeV,
detection of spectral softening at 10 TeV

CR protons (2019)
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—or the list of all DAMPE papers see: dpnc.unige.ch/dampe/publication.ntml
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http://dpnc.unige.ch/dampe/publication.html

Experimental Bottleneck: Hadronic Uncertainties

Limited knowledge of hadronic physics is the source of major systematic uncertainty with any
calorimetric experiment (DAMPE, CALET, ISS-CREAM, HERD): uncertainty ~ 10—20 %

Calorimeter repose matrix (GEANT4, FLUKA, ...):
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Kinetic energy/nucleon

7 5 800 || PRELIMINARY | | PRELIMINARY : NG
= 1 ; | ' . S
2 600 | ' - ke S v 0
. = § e84 ' e ® 2 : *4 e % : <
CR H flux: =& P *eoalsg"" ' *e, , -
400 _ '
-~ Q@ ! ' ' >
O 1 | i i O
200 L - g
. 16000 — - - - o =
i 'E_u 14000 ILPRELIMINARY : B 3 é/
CR He flux: L™ 12000t : Py, > i % | A | ©
w X e | e ! i oV
S 2 10000} "'-ff e ® : {H : {H LU
v
© 2 8000} : : - : |
10* 10 10° 10° 10° 10°
Kinetic energy [GeV/n] Rigidity [GV]

Reduction of hadronic uncertainties is essential for precise CR
measurement with DAMPE and similar calorimetric experiments:

deciphering CR acceleration / propagation physics
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p+He
(2024

OO
p+He indirect measurements L,
% EAS-TOP+MACRO (2004) e
K ARGO YBJ+WFCT (2015) T
¥  HAWC (2022) w1,
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Hadronic uncertainties increasing at higher
energies: lack of experimental data on
cross sections
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Hadronic Uncertainties (ions beyond He)

Detection of hardening in carbon and oxygen:

DAMPE [This Work]
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| Hadronic uncertainties also limit the precision of other CR measurements:
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Proton—1ion cross section constraints from accelerators:

 CMS measurement at /s ~ 5 TeV — PeV CR energy e _
" 4 a 1
 GEANT4 / FLUKA difference below 5% up to 100 TeV 1.00- —— Pb
0 - W
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Cross sections: our measurement

- —
What do we want to measure? CR particle impinging 4 .
: i A
* Proton on BGO (this work) ” S r
« Helium on BGO (this work) e ;F, -
 Heavier ions (C,0O, etc) - coming soon ... CR =i '
l' m
I 11"k
I HH |
Plastic Scintillato;r' Tracker B4Gez012 (BGO)
Charge Detector (PSD) (STK) calorimeter
Why BGO target is interesting not only for DAMPE?
* Proton—BGO — synergy with collider measurements (proton-lead): T
67% of BGO Is bismuth — cross sections scaling from Pb to BGO with low (1-3%) error Pb | Bi

* He-BGO — first probe of helium-ion cross sections at high energies

Andrii Tykhonov 9 Hadronic cross section measurements with DAMPE



Inelastic cross section measurement: challenge

« We don’t have a clean beam — need to select particle
— QOur selection may bias the hadronic physics itself! . . . . .
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Data & Event selection

 Data: 88 months
* Energy: 6 GeV - 10 TeV (deposited in BGO) c o
— First step is to create clean proton (helium) sample A o o
Event selection: 5 o0 s X
* Trigger: MIP (highly pre-scaled, ~5% of DAMPE events)
o Standard event quality cuts (fiducial volume containment etc.) PSD  STK BGO
» Al-based track reconstruction ! -
* Removal of electrons 8 Ll | J
* Removal events interacting in PSD — E’, N SeE S
* Fall in the proton or helium charge window CR :i 11N
““““ P LIL
Charge measured " "IH HHHHA
IN the tracker -
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Al track reconstruction, particle selection

ML based tracking enables clean and unbiased particle identification —
critical for proton and helium cross section measurement with DAMPE:

> 80% signal efficiency,
background =0.2%
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Accuracy
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Cross section < point of inelastic interaction in the calorimeter

* |nteraction depth classifier:
— (Gradient boosted decision tree (XGB)
— 16 output classes (before BGO; 14 — one per layer; after BGO)
— CNN used as an alternative cross check / systematics
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P. Coppin et al. PoS ICHEP2024 (2025)
DAMPE coll. Phys. Rev. D 111, 012002 (2025)
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Method

1. Construct likelihood of the observed per-layer distribution
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Sources of systematic uncertainties

* Accuracy of interaction depth classifier at > TeV: ~7% for protons, 5% for helium
(negligible at low energies)

* | ow-sensitivity to diffractive interactions: ~3% for protons, ~1% for helium

* Uncertainty of CR spectral index at > TeV: 5% for protons, 3% for helium

At 10 TeV dominated by statistical uncertainties: 20% for proton, 13% for helium

- Proton - Helium
5
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20' — — :Event Selection 20- —— Evellt SeleCtiOH
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Results

* Proton—ion: continuous measurement from few GeV to 100 GeV (center-of-mass)

 Helium—ion: good agreement with the existing data, steeper increase at high energies
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Results

* Proton—ion: continuous measurement from few GeV to 100 GeV (center-of-mass)
 Helium—ion: good agreement with the existing data, steeper increase at high energies
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Results

* Proton—ion: continuous measurement from few GeV to 100 GeV (center-of-mass)
 Helium—ion: good agreement with the existing data, steeper increase at high energies
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More cross sections measurements
coming soon — stay tuned!
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Cross section Energy bins
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Impact on CR flux (hadronic) uncertainty
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Helium results VS GEANT4 / FLUKA
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Uncertainties: isotopes

DAMPE Is insensitive to isotopes. No cross section correction made to account for isotopes: estimated
impact — 0.9% (1.2%) for hydrogen (helium)

For reference on isotope ratios, see the AMS results:
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Impact of Al track selection
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