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Overview

Introduction
The DAMPE space mission & status
CR results thus far & medium mass nuclei motivation
Secondary CRs: Li, Be, B
Primary CRs: C, N, O & C/O
Secondary-over-primary ratios: B/C & B/O

Summary & Upcoming work
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Research Goals & Open Questions

Precise measurements of CR spectra & mass composition
Directly probing fine spectral structures (hardenings/softenings)

Understanding CR acceleration & propagation mechanisms



G An analogy from Plato’s Academy in Athens @'—:?"

Plato Aristotle

Space — borne experiments Ground - based experiments

Raphael, The School of Athens, (1509-1510) ]

Precise measurement of particle charge and energy Huge achievable energies

Small exposure to provide statistically meaningful Difficulty in making composition
measurements above few tens of TeV. studies with small systematics




The DAMPE space mission

Sun - synchronous, 95 min [Launched on Dec 17% 2015
P00k LE0) Jiuquan Satellite ILaunch Center
1300 kg Gobi desert, China

)

International synergy between Chinese,
Italian & Swiss institutes/universities.

* I
CRs: All-electron, proton & nucleonic spectra w/ great precision
-y — rays: Insight on high-energy <y astronomy, transient studies, etc
DM: Indirect studies on possible DM candidates

Agtrgpeict, Peiys,, 99, 6 [2017|
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https://doi.org/10.1016/j.astropartphys.2017.08.005

, Detector Description & Features @l_:?\l
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On - orbit status
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Excellent PSD charge & STK track resolutions
Stable BGO operation for more than 5 years of DAMPE live — time

..with more than 10 billion events collected

Stable & continuous data taking from Dec 2015 up to now

Counts
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S DAMPE CRs: Insightful results so far INFN
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PHYSICAL REVIEW LETTERS

Alemanno et. al. PRL 126, 201102 (2021)

Science Advances

Q. An et al, Sc. Adv. Vol. 5 no. 9 (2019)

nature

Ambrosi et al. Nature vol 552, (2017)

Confirming spectral hardening around 500

Confirming spectral hardening around 1 TeV
GeV + revealing a novel softening at ~ 14 TeV

Direct detection of a spectral break at ~ 1
+ revealing a novel softening at ~ 34 TeV

TeV in the all - electron spectrum

« Sample: 530 days of data

e Measurement range: 25 GeV — 4.6 TeV

COSPAR 2022 - D. Kyratzis

« Sample: 30 months of data
e Measurement range: 40 GeV - 100 TeV

Medium mass CR nuclei with DAMPE

Sample: 54 months of data

Measurement range: 70 GeV — 80 TeV
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Secondary CRs: Li, Be, B CNFN

Current work focusing on DAMPE measurement range
[~10 GeV/n - few TeV/n]
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Insightful results to be extracted from the ongoing analysis
e Individual fluxes
e Flux ratios (i.e., Be/B)
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Primary CRs: CNO group

Exclusion of SAA flight data

E,,> 100 GeV

High Energy Trigger (HET) activation

PSD Charge - Y Plane [Z]

Reconstructed track contained in first & last (of first 3) BGO layers
Shower maximum not in the BGO border
Removal of side entering events
Rejection of shower vectors failing reconstruction

7.5 8 8.5 9 9.5

X2 <25 & A(B, - 0,.0) <25° ' ' PSD Charge - X Plane [Z]
XZ and YZ projections on top of STK < 200 mm & BGO < 60 mm
Same track ID for XZ and YZ Only for adjacent PSD layers

isY +isY  +isX +isX - i
PSDQ:M && _1<p5DlQ_p5DlQ+1<1

N layersTriggered

Track projection on first PSD layer < 400 mm

Selecting bar crossed by STK both in XZ & YZ, from PSD bars Great increase in statistics coupled
w/ significant

contamination reduction
Accept events impinging on the first STK layer with > 900 ADC



oF Selecting pure C & O samples CNFN

Fitting each contribution with a Landau + Gaussian function (LanGaus)

Thus accurately defining the charge selection for C & O
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+ novel STK track selection procedure via ML algorithms
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B/C & B/O: Motivation

B/C — Customarily used to probe CR propagation in the Interstellar Medium
B/O — Even greater probe of CR propagation in the ISM
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Insightful results by a multitude of experiments
precise results in the TeV/n region needed

Secondary nuclei (Li, Be, B) produced via spallation Secondary - to — primary ratios
from interactions of heavier nuclei (C, N, O) provide crucial information on the

w/ Interstellar Medium (ISM) CR propagation mechanism
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Very limited contamination for C & O (~1%)
Low contamination for B (<5%)
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GIS B/C & B/O flux ratios @'_:?“

Taking into account ongoing works from B, C and O fluxes
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Overall agreement with AMS-02 + new measurements (TBA) in the TeV/n region

...soon to be published
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Summary & Upcoming Work

Current study concerning the spectral measurements of medium mass CR nuclei

DAMPE shows great capabilities of precisely measuring such nuclei in the multi-TeV/n region

Ongoing works on Li, Be, B, C, N, O with 6 years of DAMPE data,

w/ great insight on the B/C and B/O flux ratios

Good agreement with current experiments on B/C and B/O flux ratios

Ongoing work
Additional corrections/optimizations

Extension to higher energies for all nucleonic spectra

Finalizing contamination & systematics’ studies

Medium mass CR nuclei with DAMPE
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Additional Info

Medium mass CR nuclei with DAMPE

17



@)
w

HET Efficiency —_

Efficiencies for C & O: @'_:?“

1.2_' L) L) L) IIIIII L) L) L) IIIIII L) L) L) IIIIII I- 3 1.2_' L) L) L) IIIIII L) L) L) IIIIII L) L) L) IIIIII I-
c

: N 2 : N
= _T.“Mﬁm MH[ i aopoaane ] % == M?AT‘TI-’?TmT e 4]
[ i — _ i
- - w - -
081~ g ] -
osf s osf =
[~ Carbon Analysis 3 C  Oxygen Analysis 3
0.4~ Monte Carlo ] 0.4~ Monte Carlo =]
" » Flight Data 1 N » Flight Data ]
0.2 - 0.2 —
O -I 'l 'l Ll IIII 'l 'l 'l il III 'l 'l 'l Ll IIII 'l ] <1()/o discre anC 0 -I 'l 'l 'l il III 'l 'l Ll IIII 'l 'l 'l Ll IIII I-

102 10° 10* 10° P 102 10° 10* 10°

between FD & MC
O 1 .6 :l ) ) = O 1 -6 :l ) ) =
> 14E = > 14F 3
s 1.2E = s 1.2E =
© — = © ey 3
o 1E e E (@) 1E =
0.8= 3 0.8F ! ”]I[||||||| E
0.6 3 0.6 E
0.4E- 3 0.4E- 3
0.2 = 0.2F- =
0 -l aaal A A A aa a2l A A il o -l .l A A A A s sl A A A et i
102 10° 10* 102 10° 10*
BGO Energy [GeV] BGO Energy [GeV]
Carbon Oxygen
NHET|LET|NPSD NSTK

cut cut

& =
LET| PSD

NSTK

cut cut

COSPAR 2022 - D. Kyratzis Medium mass CR nuclei with DAMPE 18



@)
w

Efficiencies for C & O:

s
% 1.2_' LJ LJ LJ IIIIII LJ LJ LJ IIIIII LJ LJ LJ IIIIII LJ i 5 1.2_' LJ LJ LJ IIIIII LJ LJ IIIIIII LJ LJ LJ IIIIII I-
c c
o - . 5 [ .
s ik renptsponsssi] e 1k N
i pos e ‘ i g * ””HI]I I
3 N 3 N
o 08 1 o 08
0} [~ 10} "
[a2] [ [a2)] [
0.6~ 1 0.6
"~ Carbon Analysis C  Oxygen Analysis
0.4~ Monte Carlo 1 0.4~ Monte Carlo
" » Flight Data " » Flight Data
0.2 1 0.2
O-I Il Il IIIIIII Il Il IIIIIII Il Il IIIIIII Il ] O-I Il Il IIIIIII Il Il IIIIIII Il Il IIIIIII I-
102 10° 10* 10° 102 10° 10* 10°
BGOL1 + BGOL2 < BGOL3 + BGOM
O 16._' L] ) L] = O 16._! L] ) ) =
S 14F 3 = 14F =
s 12F 3 s 12F 3
@ = © - — =
a 1 E -= —— (o 1 =“ IFLTLTY
0oE- 0oE- "
0.6~ 0.6
0.4F- 0.4F
0.2 3 0.2E- 3
0'| el aaal A A A sl o'| aaal A A At s aaal A A At s aaal 2]
107 10° 10* 10° 107 10° 10* 10°
BGO Energy [GeV] BGO Energy [GeV]
Carbon Oxygen
g —_— NHET|NPSDCU£ NSTKFirst Layer BGOL 1+L2<L3+L 4
BGOL1+L2<L3+L4 N N N
HET PSD STK

COSPAR 2022 - D. Kyratzis

cut

Medium mass CR nuclei with DAMPE

FirstLayer

19



o [9;
ald

CR nuclei: CNO group CNFN

1e7 Flight data - Daily event count
MC used in this work oel FD
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