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Analysis of secondary cosmic lithium, beryllium
and boron with the DAMPE mission
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Motivation

Relative Abundance
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Li, Be and B:

® Lithium, Beryllium and Boron (secondaries) are not
produced in main stellar nucleosynthesis reactions

® Production: cosmic ray spallation with the ISM
Mainly from C, O (primaries)
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CR propagation:

® Mecasuring the flux of secondaries can offer insight
nto:

o Mechanisms of CR propagation

o Origin of structures in the CR nuclei spectra
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Events Selection

./ﬂ\ (~32Xg, ~1.6A)

Plastic Scintillator Detector z BGO Calorimeter

Silicon-Tungsten
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Neutron Detector

PSD : Charges measurement

STK : Particle tracker & additional charge measurement

BGO: Energy measurement

Lithium candidate
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I Li and Be flux

Lithium flux Beryllium flux Boron flux
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Physical Review Letters, 134 (2025), 191001

® Preliminary measurement of Li and Be from 10 GeV/n to 4.1 TeV/n
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Secondary Flux ratio
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® Preliminary measurement of Li/B and Be/B from 10 GeV/n to 4.1 TeV/n
Thank you
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Backup
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DAMPE: The DArk Matter Particle Explorer

The mission

Main Scientific Goals:

Origins and Propagations of Cosmic-Rays
Dark Matter Indirected Detection

High Energy Gamma-ray Astronomy

DAMPE 1is a space-borne high energy particle detector
launched in Dec. 2015 from the Jiuquan Satellite Launch
Center
International collaboration:
China
* Purple Mountain Observatory, CAS * *
 University of Science and Technology of China
* Institute of High Energy Physics, CAS
* Institute of Modern Physics, CAS
Italy
* INFN Perugia and University of Perugia
* INFN Bari and University of Bari I I
* INFN-LNGS and Gran Sasso Science Institute
* INFN Lecce and University of Salento
Switzerland

 University of Geneva H
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DAMPE: Detector system

Plastic Scintillator Detector

Silicon-Tungsten
Tracker

H

‘z BGO Calorimeter
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Seay

Neutron Detector

Parameter

Value

Energy range (e/y)

5 GeV to 10 TeV

Energy resolution (e/y)

1.5% at 800 GeV

Energy range (p/ion)

20 GeV to 500 TeV

Energy resolution (p)

40% at 800 GeV

Geometric factor (e)

0.3 m2 sr above 30GeV

Angular resolution (y)

0.1 degree at 100 GeV

Field of view

1.0 sr

PSD: Anti-coincidence detector for gammas and charges measurement
STK: Particle tracker, photon converter & additional charge measurement
BGO: Energy measurement & particle identification via shower topology

NUD: Further particle ID from electromagnetic & hadronic showers
Astropart.Phys 95 (2017) 624
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I FLUX Measurements

Flux 1n i-th incident energy bin:

AE; Aefri ATexp
® = Absolute differential flux (m~2sr~1GeV~1s71)

Nobs = Number of observed events

¢(E;, E; + AE;) =

Ao = Effective acceptance (m?sr)
ATexp= Exposure time (s)
AE; = Energy bin
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I DAMPE data sample

EventRate/Day ~ AllCounts
10° ot LTso0cey
10° . GounsLTHOONGY
Fllght Data: 107 - Counts_GT10000GeV
> 10°
* 96 months g 1
« Exposure time ~1.96 x 108 seconds "
* Data in South Atlantic Anomaly region are i N—
10 '
excluded N
. 31/12/16 31/12/18 31/12/20 31/12/22 31/12/24
* Data during Sep.2017 Solar Flare (20170908- Time (Day/Morth/Year
20170913) are excluded s —
60— ™
402_ 350
Simulation Data: § 2F
The MC samples are generated with: = :jgé__ A e =
e Geantd CRMC FTFP BERT, version 10.5.1 60— S
— — = = E
(EPOSLHC/ FLUKA) R e e

longitude

2026/7/17



Selection Cuts

Analysis Selection

- Energy deposited in BGO: Egi > 20 GeV ,:%

- High Energy Trigger (HET) activation é
Trajectory Selection

- STK track reconstructed with the Kalman filter algorithm

- STK signal matches BGO and PSD. %
Fiducial Selection E

» Fiducial containment of track direction in the whole detector Z;
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Charge selection
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Progressing PSD charge selection:

PSD

0PSD = 2 Q;

N Layers
i = index of consecutive layer with charge

PsdQX

PsdQ
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A good energy-independence
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Charge selection

XK-layer
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Contamination Reduction:

* Use the charge deposit in first STK plane to reduce p, He

contamination.
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STK Charge

* STK charge > 4.1 e for boron 2.1e for lithium 3.0e for berylliur £ 1

2.1e for lithium.

STK ADC =

AdCxO + AdCYO

isX0 4+ isYO

> 2.1 (3.0)e
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Template fits

TotalEnergy52_ 72GeV TotalEnergy398_630GeV
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The o define an energy—dependent PSD charge selection window.

The chosen signal windows are QLPl-SD =(3-2.0-0,3+2.5-0)
P50 =(4-2.0-0,3+2.5- 0)
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I Template fits

Lithium Beryllium Boron
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Total background for lithium and beryllium analysis shown as a stack of the various components.
For the lithium and beryllium sample selection, the background is well about 40%.
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I Unfolding and Acceptance

Bayesian unfolding BGO energy to kinetic energy
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I Uncertainties estimation

Uncertainties (%)
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* Statistical uncertainty dominant at higher energies
* Many systematical contributions evaluated
* Systematical contribution from hadronic model still under evaluation
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I Flux ratio

Li (Be) / C
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® Preliminary measurement of Li/C(O) and Be/C (O) from 16 GeV/n to 4.1 TeV/n
® Preliminary estimation of systematic uncertainty to be updated
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I Flux ratio
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® Preliminary measurement of Li/C(O) and Be/C (O) from 10 GeV/n to 4.1 TeV/n

® Preliminary estimation of systematic uncertainty to be updated
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I Flux ratio
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Measurement of B/C and B/O from 10 GeV/nto 5.6 TeV/n
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Summary

® Study of secondary cosmic rays fundamental to understand propagation in the
Galaxy and origin of observed structures in CR spectra

® Lithium and Beryllium:
OFull sample selection and systematics evaluation
OPreliminary spectrum in the 10 GeV/n to 4.1 (7.9) TeV/n energy range
OPreliminary Li/ B and Be/B ratios in the 10 GeV/n to 4.1 TeV/n energy range
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