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Antinuclel In astroparticle physics %
ALICE

Cosmic ray antinucleil ((T, 3H_e, 4H_e):

» Potential signal of dark matter
annihilation

« Expected to be produced by the
Interaction of primary cosmic rays (CR)
with the interstellar medium (ISM) —
background / secondary production

o Studied by AMS-02, GAPS experiments
> Measurement of cosmic (anti)nuclei flux

An >He nuclei reaches our solar neighourhood

after travelling through our Galaxy.
Figure: YouTube video
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https://youtu.be/__1ErCVyzBU

Antinuclel In astroparticle physics

ALICE

Schematic of expected antinuclei fluxes

Cosmic ray antinuclel ((T, 3H_e, 4H_e):

» Potential signal of dark matter

% annihilation

o « Expected to be produced by the

g Interaction of primary cosmic rays (CR)

a with the interstellar medium (ISM) —

“| — — packground \\ background [ secondary production
= = signal \\ » Studied by AMS-02, GAPS experiments
— Mmeasurement \ > Measurement of cosmic (anti)nuclei flux

Energy (log scale)

= Low background is expected in
the low energy range

P. Larionov - LHCP 2023 - Belgrade, Serbia 3



Antinuclel In astroparticle physics

ALICE

Schematic of expected antinuclei fluxes

Cosmic ray antinuclel ((T, 3H_e, 4H_e):

» Potential signal of dark matter

% annihilation
o « Expected to be produced by the
g Interaction of primary cosmic rays (CR)
a with the interstellar medium (ISM) —
e background \\ background / secondary production

= = signal \  Studied by AMS-02, GAPS experiments

— Mmeasurement N > Measurement of cosmic (anti)nuclei flux

Energy (log scale)
= Low background is expected in &/
the low energy range How do we contribute with collider data?
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LHC — antimatter factory

 On Earth, antinuclel are produced at colliders

TCE D '  ALCE 1
* Rare: reduction factor 300 for each additional « 10F T =
nucleon (Pb-Pb) and 1000 (pp) collisions at - 1? e . d E
. O 10 = e =
_HC energies S 10¢ N . =
- 107 F 3 =
103 . He .
. . = L . =
* Models attempt to describe the production: 104k “e " —
o Statistical hadronization model (SHM) 10°F a =
° 10°F - -
Coalescence 10-7E [®/0-10% Pb-Pb, |5, =2.76 Tev*\z\ < -
_ 1078 ; @ |NSD p-Pb, |s,,, = 5.02 TeV —;
. Relevant for secondary flux studies: oF . s
, o , 107 E [o|INEL pp, Vs =7 TeV E
o data from pp collisions as CR and ISM Is 10710 | | | .
mostly protons, H and He 1 2 3 4 p
antimatter
matter -

ALICE

ALICE collab., Phys. Lett. B 800, 135043 (2020)
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LHC — antimatter factory

ALICE

ALICE collab., Phys. Lett. B 800, 135043 (2020)

_— - | -
| o + 10°5 p ALICE
 ALICE experiment has been very active In ~ 10F S -
measuring (anti)nuclei production cross N 1 o | - d E
. S 2
section and coalescence parameters g 107 € S .. =
S107E 3 L
10°F ., e =
10 e . E
107 E \ a
Talk on (anti)nuclel production in small 10°F N ..
. 107 E (™ 0-10% Pb-Pb, (s =2.76 TeV ™. ™. W3
systems with ALICE by Rutuparna Rath =N =
, 108 |®|NSD p-Pb, |/s,,, =5.02 TeV ‘ -
Thu 25th @15:20 Heavy lon Physics oF =
107 F [o|INELpp, 's=7Tev E
1019 | | | |
1 2 3 4
A
antimatter
matter -

|
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Collider data input to validate the coalescence models

Number density of d, SHe production from coalescence mechanism shown with ALICE data [1].
10—34 — B 12500 GeV
This work & 107 = | This work B
',C—)\ B B 4700 GeV
ooy > 10°%°
il e | ® ALICE (INEL > 0) (3 , { ALICE -
§ [ | ';' , ;‘ B ® 1900 GeV
Q 9 ‘ | 'U'__ O n
2 0 e 5 10°- L cg\D 10
= O r B S -
'Y Z = o W 750 GeV
o > . + .......................... S, i
> ¢ ’C:'_ ) < 37
Z — - — 37|
“o d - lm:’: 3He o % 10 - m 310 GeV
2 e ool -
S | - 2 107 + ]
Z g | 10—38 — B 200 GeV
pp @13 TeV S - pp@/TeV i
10_5 —l | I l | - | [ | I l I I | 1 I I L1 1 1 L1 ‘ Ll L : :
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 25 3 2 | | H 120 GeV
10— | L 111l L1 L 11l] | L I3 1] | Ll 13l
p, [GeV/c] p, [GeV/c] 10" 1 10 10 10°

Kinetic energy per nucleon [GeV/n]

* Coalescence model based calculations of the production
vields of antinuclei in space: used to calculate secondary flux

« Validation with LHC data (pp collisions at \/_ =/ and 13 TeV)

Production cross-section for

SHe for different pp collision

energies, using the coalescence

mechanism [1].
[1] Shukla et. al., Phys.Rev. D 102, 063004 (2020) P. Larionov - LHCP 2023 - Belgrade, Serbia 7



New data on the (anti)nuclel production by ALICE

ALICE collaboration, J. High Energ. Phys. 2022, 106 (2022)
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 New results from ALICE on
light (anti)nuclel production

pp collisions at \/E =13 TeV

ALICE
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New data on the (anti)nuclel production by ALICE

ALICE collaboration, J Hig
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ALICE

 New results from ALICE on
light (anti)nuclel production In
pp collisions at \/E =13 TeV

» Extended ptrange for
antihelium



New data on the (anti)nuclel production by ALICE

ALICE collaboration, J Hig
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ALICE

 New results from ALICE on
light (anti)nuclel production In

pp collisions at \/E =13 TeV

» Extended ptrange for
antihelium

What else can we learn with
the produced (anti)nuclei at
colliders ?
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Antinuclel Inelastic interaction in the Galaxy
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ALICE

Calculation of primary and
secondary fluxes near Earth:

 Requires precise
Kknowledge of antinuclel

Inelastic interaction with
iInterstellar gas

 We can quantify it!

ALICE already measured o;,;(d):
PRL 125, 162001 (2020)

This talk: focus on “He

1


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.162001

Measurement of the transparency of the Galaxy to ‘He

nature physics
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Inour Galaxy, light antinuclei composed of antiprotons and antineutrons
can be produced through high-energy cosmic-ray collisions with the
interstellar medium or could also originate from the annihilation of

dark-matter particles that have not yet been discovered. On Earth, the only
way to produce and study antinuclei with high precisionis to create them at
high-energy particle accelerators. Although the properties of elementary
antiparticles have been studied in detail, the knowledge of the interaction of
light antinuclei with matter is limited. We determine the disappearance
probability of 3He when it encounters matter particles and annihilates or
disintegrates within the ALICE detector at the Large Hadron Collider. We
extract theinelastic interaction cross section, whichis then used as aninput
to the calculations of the transparency of our Galaxy to the propagation of
3He stemming from dark-matter annihilation and cosmic-ray interactions
withintheinterstellar medium. For a specific dark-matter profile, we
estimate a transparency of about 50%, whereas it varies with increasing 3He
momentum from 25% to 90% for cosmic-ray sources. Theresultsindicate
that >He nuclei can travel long distances in the Galaxy, and can be used to
study cosmic-ray interactions and dark-matter annihilation.

There are no natural forms of antinuclei on Earth, but we know they
existbecause of fundamental symmetriesin particle physics and their
observation in interactions of high-energy accelerated beams. Light
antinuclei, objects composed of antiprotons (p) and antineutrons (n),
suchas d (pn), 3He (ppn) and “He (ppnn), have been produced and
studied at various accelerator facilities' ¥, including precision meas-
urements of the mass difference between nuclei and antinuclei'**°. The
interestinthe properties of such objects is manifold. From the nuclear
physics perspective, the production mechanism and interactions of
antinucleican elucidate the detailed features of the strong interaction
that binds nucleons into nuclei*. From the astrophysical standpoint,
natural sources of antinuclei may include the annihilation of
dark-matter (DM) particles such as weakly interacting massive parti-
cles* and other exotic sources such as antistars>**, DM constitutes
about 27% of the total energy density budget within our Universe®.

Thisis demonstrated by the measurement of the fine structure of the
cosmic microwave background??, gravitational lensing of galaxy
clusters®® and the rotational curves of some galaxies*. Another pos-
sible source of antinuclei in our Universe is high-energy cosmic-ray
collisions with atoms in the interstellar medium.

The observation of antinuclei suchas 3He s one of the most prom-
ising signatures of DM annihilation of weakly interacting massive
particles’?°-2, Thekinetic-energy distribution of antinuclei produced
in DM annihilation peaks at low kinetic energies (£, per
nucleon <1GeV A™) for most assumptions of DM mass™. In contrast,
forantinuclei originating from cosmic-ray interactions, the spectrum
peaksat muchlarger £, per nucleon (-10 GeV A™). Thus, the low-energy
regionisalmost free of background for DM searches.

To calculate the expected flux of antinuclei near Earth, one
needs to precisely know the antinucleus formation and annihilation

*A list of authors and their affiliations appears at the end of the paper. - e-mail: alice-publications@cern.ch

Nature Physics | Volume 19 | January 2023 | 61-71

ALICE experiment measures the absorption cross

section of *He and calculates the transparency of
the Galaxy to this antinuclel

- First measurement of the *He absorption cross
section

 Calculation of the expected antihelium flux near
Earth for both dark matter and secondary fluxes

» Nat. Phys. 19, 61-71 (2023)
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https://www.nature.com/articles/s41567-022-01804-8

Propagation of He in the Galaxy: ingredients

oy
ot

Source
Function

 Can be numerically solved using pu
* Propagation parameters (common for a
available cosmic ray measurements [1

0

— =|q(r,p)HV - (D, Vy — V) - o p°D

Propagation: diffusion, convection...

« Calculation of antinuclel flux requires:

> annihilation cross section

1] M. J. Boschini et. al. 2020 (ApJS 250 27)
2] Shukla et. al., Phys.Rev. D 102, 063004 (2020)
3] Carlson et. al., Phys.Rev. D 89, 0/6005 (2014)

olicly avalla

Transpo

" ap p?

nle GAL

PROP package

| (anti)nuclel) ca

> source function: differential production cross section [2, 3]

N be constrained using
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rt equation

Fragmentation,
annihilation

Input:
ALICE
measurements

ALICE
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https://galprop.stanford.edu

ALICE apparatus and its particle identification capabilities
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Methods to measure o,

Antiparticle/particle raw ratio: TOF/TPC ratio: ALICE
. Measure reconstructed d/d, *He/’He... and . Measure reconstructed N;E{%F/ ;FH%Cand
compare with MC simulations compare with MC simulations
+ Access to low momenta (p = 1 GeV/c) + High statistics, wide momentum range
- Relies on oy, (nucle1) + Independent of . (nucle1)
- Background from secondary particles - No access to very-low momenta (p = 1
GeV/c)

S Viid
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Results: 3H_e Inelastic cross section

. 0,,,(°He): Results for

@ Ginel(3H_e) on averaged ALICE material ALICE
E)\ 5""I""I""|"'l|----||...|...,|,,||:
- -
T 4 ALICE pp Vs = 13 TeV >
< 4 n| < 0.8 E
3.5 EF (Ay=17.4 El Data — — GEANT4 =
3 E‘ (A)=31.8 El Data —— GEANT4 =
2 5 E_\ (Ay=17.4 (l; 95% confidence upper Iimit_E
2 z—\ . _z
0.5 z— ° _z
O - - |v| T T T T T |:
0 1 2 3 4 5 6 7 8
p (GeV/c)

Nat. Phys. 19, 61-/1 (2023)
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https://www.nature.com/articles/s41567-022-01804-8

Results: “He inelastic cross section

(3H_e): Results for TOF-to-TPC ratio
method

o, ,(°He) on averaged ALICE material

) 5j‘_"'l""l""I""I""I""I""I""I""I""E
5 45§ ALICE =
Q_ 43- 0-10% Pb-Pb \/S—NN=5.02 TeV —
53 3.5 E i < 0.8 =
o F w-sa7  [Wlloaa —-ceanta G

25 F\ E
N\

1.9 — =
0.5 F- =

] 2N P PR PR PR FEETE FEETE ST P rere

Nat. Phys. 19, 61-71 (2023)

P. Larionov - LHCP 2023 - Belgrade, Serbia 17


https://www.nature.com/articles/s41567-022-01804-8

Results: “He inelastic cross section

3T . ’5 O g I I I I I I I I I —
- 0;..j("He): Results for TOF-to-TPC ratio ~ j_ -
method 2 4 ALIGE :
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_ 2 35 F In| < 0.8 E
First ever measurement of “He inelastic SEE - 5 -
. 3 E (A) = 34.7 . ata — — GEANT4 E
Cross section! = -
:\ -
2:3 F\ E
* Results from both methods are o\ =
compatible (higher precision in TOF- i g = N\ =
» Bands: statistical ® systematic 1 = =
uncertainties 0.5F =
O :I L 1 1 I L. 1 1 1 I L 1 1 1 I L 1 1 1 I L. 1 1 1 I L 1 1 1 I L. 1 1 1 I L 1 1 1 I L 1 1 1 I L 1 1 I:

0 1 2 3 4 5 6 7 8 9 10

- Impact on SHe propagation in space p (GeV/c)
Nat. Phys. 19, 61-71 (2023)

P. Larionov - LHCP 2023 - Belgrade, Serbia 18



https://www.nature.com/articles/s41567-022-01804-8

Annthilation

SHe nuclei may interact inelastically with the interstellargas (A =1, A = 4)

+ ALICE results for o..,(°He) are for heavy elements with (A) = 17.4 to 34.7

1nel

 Rescaled for proton and helium targets

« 8% uncertainty from A scali

(°He) on averaged ALICE material

ng [1] is valid for all targets

ALICE

(3He) on proton
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3 = (A) = 34.7 - Data — — GEANT4 E \E) 600 - —— Parametrization o, _(*He-p) [2] E
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[1] Uzhinsky et al. Phys. Lett. B 705 (2011) 235 , ,
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RGSUltSI 3He ﬂUXGS Outside heliosphere

_ a T T T TTTT
I - —
n — -
- - - : % 107° Oine = 0 DM o icr;'uElAI\lT4 DM F—
. Eﬁct of various inelastic cross sections on B - & =0bkg GCEANTA pieg
He fluxes S - -
X 10—8 — O’;?“IIQIICE DM _—
» Uncertainty only from o._., from ALICE data: = = ALICE -
y onty inel o | S __ m, =100 GeV/c? Tinet OKG
small compared to other uncertainties in the field! Jg: 4y — WW — e + X .
—_— 10—10
. He transparency (at low Exin): 25% from CR
iInteractions, 50% from typical DM candidates
* Flux outside heliosphere 107"
Transparency = P X (Gl 107" | Range of ALICE measurement
FluX(Glnelz()) > 1I|| I — T T T TT1T] I — T T T TT1r] I T T T TT1
@)
qc) 0.8 - _
= 0.6 _
% 0.4 / -
c 02F _
E O Ll I | | | P 1. 1 11 I | | | 1P 1. 1 11 I | | | P 1. 1 11
= 10”" 1 10 102
E, /A (GeV/A)

[1] Korsmeier et al, Phys. Rev. D. 97,103011 (2018) P.Larionov - LHCP 2023 - Belgrade, Serbia 20



. 3 Near Earth
Results: “He fluxes
_ M T T T T T
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Summary

o, ,(°He) on averaged ALICE material

) O T T T T T ILLLLE ILRLLL ILALILLE IR I ] ALICE

Production of (anti)nuclei at colliders provides % 4.5F ALICE =
important input to: OL/_ 4 gr 0-10% Pb-Pb |5, = 5.02 TeV =
« Understand their production mechanism ;EJ 3.5R i < 0.8 =
- Validate the models used for calculation of 3 El (A)=34.7 .Data — T GEANT4 =
(anti)nuclei fluxes 5 5 _\\ =
« New! ALICE performed groundbreaking 5 E- \\ =
measurements of antinuclei inelastic cross 1.5F o =
sections: 1E- =
SHe Nat. Phys. 19, 61-71 (2023) 0.5 F- =
=NET FEEN] FEE N SN PN T PN TS AN R FEE T F N T

Oo 1 2 3 4 5 6 7 8 9 10

. . GeV/
Impact on antinuclei flux near Earth: 3_'0( evic)
. J— Transparency of the Galaxy to "He

 High transparency of the Galaxy to "He >

» Small uncertainties on cosmic ray fluxes S ool / )

from o, .;(°He) compared to other § 0.4 1= -

o . 0.2 F —

uncertainties in the field E obl el

= 10" 1 10 102
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Solar environment effects %
ALICE

« Solar magnetic field forms heliosphere which shields cosmic rays
« Solar modulation is accounted for using Force-Field approximation [1] with Fisk potential ¢ = 0.4 GV:

(E - Z¢)2 _ m32He

F, (E,  .¢)=FE) R ,where £, =FE — Z¢
3He
p+p— "He+X ' 5
| LL
|
9 '
|
I 1
p+*He — *He + X '
|
y+y—bb—- He+X :
L
Exin
! Local ]r}{éréiéuiér'hhi" : E ! Solar modulated flux !
, (outside heliosphere) = ""="*=======*  "rTeemeees - (close to Earth)

[1] Gleeson, Axford, Astrophys.J. 154 (1968) 1011 24



Antinuclel o:

 measurements (before ALICE)

1Nne

Relevant inelastic cross sections (o;,.;) only poorly constrained for antinuclei ALICE

heavier than p:

« d: no experimental data below p = 13.3 GeV/c [2]

. SHe inelastic c.s. have never been measured at any momenta

p [1] d [2] ’He
51 20 60— 1D lecen: ] a, 10727 cm?2 50 — — —

10" @ 0o 0e—,p SN 1 —~ S0 | | | | 3
. b a0 B | 3000 ¢ % 45E E
-\\:i\\\ A A _ge ::-_-.[S)? | 2000 - / é 40 ;— —;
" : :\\\i*ji\\ —E d 355_ \ —5
: M f 1000 |- 30 oo -

ey, Creasadloecm 4181;[)1‘ 25:_ —:

< & B {":"4""-”"" d 500 | = =
= S 10°E ol =;":-x“x““"(i'—: 7 20 —_
I 4 p=13.3 GeVic 3 No data ;
1 300f SF -

e| 200T 105_ _5

10° 2,3 5 - =

p - . - |- L1 l 1 L I 0 : S U Y S N

~00 —ToT — 100 —=— %7 Al * cu  Sn s 0 2 4 6 8 10

Plap (MeV/c) Any variable (a.u.)

[1] Leeet. al,, Phys. Rev.C 89, 054601 (2014)
[2] Denisov et. al., Nuclear Physics B 31 (19/1) 253 P. Larionov - LHCP 2023 - Belgrade, Serbia 25



Models [1] validation with low-energy antiproton data %
ALICE

 Experimental data from [2, 3]
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1] Shukla et. al., Phys. Rev. D 102, 063004 (2020)

2] Eur.Phys. J.C 65,9 (2009)
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Models [1] validation with antideuteron data

ALICE
100 B I | 1 1 .I 1 _ i 1 | 1 | . 1 1
i —— Best fit ] - 10-3 —— Best fit _
=~ —— ---- Uncertainty band > ---- Best fit with weights :
— -~~\_\\‘\\ ¢+ Experimental data - (2: ¢  Experimental data
> -\\\ ~ T — N
S S~ 2 107
: :
o z
= o
5 E 107> ]
= S :
= 10-1 | pp collision ) C;} -]
L /s =53GeV ' 5 pp collision
yl=0 = 107°F 1yl<0.5 :
0.0 0.2 0.4 0.6 0.8 1.0 12 0.5 1.0 1.5 2.0 2.5 3.0
pr [GeV] pr [GeV]
Experimental data from [2, 3] Experimental data from ALICE [4]

1] M. M. KachelrieB3 et. al., JCAPO8 (2020) 048

] B. Alper et al., Phys. Lett. 46B (19/3) 265

] British-Scandinavian-MIT collaboration, Lett. Nuovo Cim. 21 (19/8) 189
] ALICE collaboration, Phys. Rev. C9/ (2018) 024615
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Antiparticle/particle raw ratio

Raw (p/p) for MC with varied o;,./(p) and data [1]

ALICE
p—Pb \s = 5.02 TeV

Raw (p / p)

-———'
= =
— gy il
.‘

B8 MC simulations with ¢, (p) x 0.75
B MC simulations with default .. ,(P)

(5

ALICE

* Antiparticle-to-particle ratios are sensitive
to the variation of the inelastic cross
section

 Vary ainel(a, 3He) in simulations until MC
describes the experimental results

- constraints on o, (d, 3He)

0.6 B MC simulations with 6, (p) x 1.25  _|
[ ] Data +1o (1o = stat. @ syst. @ global)
0.8 1.2 1.6 2 2.4
N Primary (G€V/C)
(1] ALICE, PRL 125, 162001 (2020) P. Larionov - LHCP 2023 - Belgrade, Serbia 28



Antiparticle/particle raw ratio: ¢ ;(d)

— — ALICE
0:../(d) on averaged ALICE material (ITS-TPC) 0:../(d) on averaged ALICE material (ITS-TOF)
= 71 : | ' | ' | ' ) 71 ' l ' | ' | '

R ALICE c) | (A)=174 R ALICE (d)
° p-Pb |5 = 5.02 TeV : ° | p-Pb |5y, = 5.02 TeV :
5 (Z)Y=85,(AY=174,n <08 > 5 (Z)Y=148,(A)=318, <0.8
— -0, (d+(A) Geant4 i — -0, (d+(A) Geant4d
—— o, (d +(A) Geant4 4N —— o, (d +(A)) Geant4
—— Data (ITS+TPC) - "\ —— Data (ITS+TPC+TOF) -
B G, (d+ (A) 1o - T\ B (d+(A)+lo -
c,.(d + (A)) 20 ) ) i \ G, .(d + (A)) £20 i
B A~ B
_ - 1 ————
] ] | ) | 0 | ] | L | ] | ]
2 3 4 0 1 2 3 4
p (GeV/c) p (GeV/c)

ALI-PUB-490977 ALI-PUB-490982

e First measurement of antideuteron inelastic cross section at low momenta!

¢ Exp. 0. .1 1S approx. 15% smaller w.r.t. Geant4 at high momenta, steeper rise In

1nel
OW p region

 Published: PRL 125, 162001 (2020)
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How we measure o, with TPC-TOF matching %

ALICE
+ |dentify N TOFyaek | N TPCyackin data and simulations Nat. Phys. 19, 61=/1 (2023)
« Monte Carlo simulations with scaled o, (0.5, o
O 0.9 ALICE
1, 1.5x) 5 o0sE 0-10% Pb-Pb |5, =5.02TeV Iyl <08
' . -10% — = D. e nl < u.
* I[n each momentum bin compare the TOF-TPC l;cll:) 0-8 NN
ratio In MC to the one Iin data z 07
(© —
~ 0.6 . o ®
— ﬂ= — o
g 0.5 ﬁi"
= 04 7
\GD/ ' , ¢ Data
- 0.3 / —— MC default o,__(’He)
= 0.2
s —— MC with o__(’He) = 50%
0.1
0]
05 1 15 2 25 3 35 4 45 5
. p  [/lzl (GeV/c)
Momentum —
bin
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How we measure o

o1 With TPC-TOF matching

ALICE

o [dentify N TOFyack [ N TPCyack IN data and simulations
+ Monte Carlo simulations with scaled o;,.; (0.5x, Nat. Phys. 19, 61-71 (2023)
1X’ 1.5X) g 0.72 :_l 1 I I 11 I I 11 I I 11 I I 11 I I 11 I I 11 I I 11 I I 11 I 1 l—:
» In each momentum bin compare the TOF-TPC = 07— 3.0<p . ./ 12l<3.5GeVic -
At - @ s N .
atio in MC to the one in data Jg: 0.68 - ~ M<08 i Beer fi =
= 0.66 \\ + MC with varied o, _(He) -
c C LN e® Data (with total unc.) .
, , , , , 064 Frcceece e \\ ® Resulting o__(°He) g=
* Fit MC points with an exponential according to g-) ) 62} DAt beeeeeeeeeeeenioeS .
the Lambert-Beer law: B = e \\ .
o 06F b iR -
N = N, X exp(—opL) T - = ~ -
def . @ 0.58 — N —
+ extract 6y,.;/0; - scaling factor = N ! N -
. . . @ VSO0 Alind fac Sk -
» calculate the inelastic cross section on (A): 054 F- Scaling factor NS
il P | I lrwren.. mrar B | | Ly "

0 02 04 06 08 1 12 14 16 18
o, (’He) on (A) = 34.7 (b

VN
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SHe source (1): dark matter
DM density distr.

/\ +10°
|
Source function €102

1 pEum(n) dN 3o
E,. )= ov)(l + € O
q(r, Exin) 5 0 (ov)( )dEkin 10

X

“110‘1 | .iOO | - 'iol
Distance from the galaxy centre (kpc)

* ppy — Navarro—Frenk—White profile [1]
. m, =100 GeV for WTW™

. (oV) = 2.6x10-26 cm’s ™! [2]

e (1 +€)=21[1]

. SHe spectrum from [1] PYTHIA 8 +

coalescence afterburner
—> peak at Exin ~ 0.1 GeV/A

X7 = WW,m, = 100GeV

101 10Y 101
Evin (GeV/A)

[1] Carlson et al, Phys. Rev. D. 89, 0/6005 (2014)
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SHe source (11): CR + ISM

ALICE
Another relevant “He source from interactions of cosmic rays (CR) with interstellar medium (ISM)
» Collision systems: pp, p-4He, 4He-p, 4He-4He
* Production cross section in pp from [1]: EPOS LHC + coalescence afterburner
» Scaling factor (ATAp)22/3 for the other collision systems
« Validated by ALICE data [2 o
‘He production in pp [1] Comparison with ALICE results [1,2]
= 1073 £ m 12500 GeV
Cosmic rays ISM : / — 107 || This work
107 S * ALICE
%‘ ® 1900 GeV %:_
O 10%: 8 8-
NE ] , o > A 0000 + ........
S, | o
pl'OtonS protons . E . ! Eb— o ] T B
91 % 90 % oy 107 ooy & .
: P§ 10°° +
10'38;j m 200 GeV § | ;
- z
10'3190_1 | 1 = 110 Samm '1'02 | 11“03. o 0 05 1 15 2 25 3
Kinetic energy per nucleon [GeV/n] Py [GeVic]

[1] Shukla et al, Phys. Rev. D. 102, 063004 (2020)
[2] ALICE, Phys.Rev. C 97,024615 (2018) P. Larionov - LHCP 2023 - Belgrade, Serbia 33



