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Understanding cosmic ray fluxes
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Understanding cosmic ray fluxes

e Production

* Propagation
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Understanding cosmic ray fluxes

e Production

* Propagation

e |nelastic interactions

----- Inelastic interaction effect
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Understanding cosmic ray fluxes

_ Production cross section
* Production Y measurements and production
mechanism studies

* Propagation

e |nelastic interactions
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Understanding cosmic ray fluxes

m &

_ Production cross section
* Production ¢ measurements and production
mechanism studies

* Propagation

* |nelastic interactions 4 Inelastic cross section measurements
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A Large lon Collider Experiment

1T Sl Y 9 .'\

* Excellent tracking and particle __T TN RRAN
identification (PID) capabillities

Inner Tracking System (ITS)
Tracking, vertex

I

Time Projection Chamber (TPC)
Tracking, PID (dE/dx)

Transition Radiation Detector (TRD)

Time Of Flight detector (TOF)
PID (TOF measurement)

Int.J.Mod.Phys.A 29 (2014) 1430044
JINST 3 (2008) S08002
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dE/dx in TPC (arb. units)

1000+ 1oy g

Time Projection Chamber (TPC)
Tracking, PID (dE/dx)
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A Large lon Collider Experiment

- ALICE Pb-Pb
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LHC - antimatter factory TUTI

* High precision measurement of different (anti)nuclei spectra

ALICE, JHEP 01 (2022) 106
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Eur.Phys.J.C 83 (2023) 9, 804
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(Anti)nuclei production mechanism TUTI

e (Coalescence Model

- Nuclel are formed by nucleons coalescing
after freeze-out

- Depends on phase-space of produced
nucleons (momentum, distance) and nucleus

Wigner function

p

S|
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LHC - antimatter factory TUTI

* High precision measurement of different (anti)nuclei spectra

ALICE, JHEP 01 (2022) 106
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LHC - antimatter factory TUTI

* High precision measurement of different (anti)nuclei spectra

IIII]IIIIIllll|lllllllllllllllll]llllll

deuterons, pp Vs = 13 TeV HM

e | ALICE JHEP 01, 106 (2022) |

Gaussian WF [ EPOS3 _ ) Hellum 3
u | I I ! [ I I ! I I

.Kfl?f:ev\\,lfg WF il dsbo win 8 ALICE jHEP 01 106 (2022) |
J —+ High Mult. -+ Min. Bias x5 _

ToMCCA AV,5 + UIX |
High Muit. | Min. Bias x5 -

Mabhlein et al, Eur.Phys.J.C 83 (2023) 9, 804 : _
XSCRC 2024 | laura.serksnyte@cern.ch Talk by Mah|e|n at 1 245



Rapidity dependence

* Antideuteron yields usually
measured at |y| < 0.5

- At rapidities lower than ~5 GV and
larger than ~100 GV, most of the
antideuteron flux is produced at
rigidities larger than 0.5

- Assumption based on event
generators: coalescence
parameter is independent on
rapidity
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* Antideuteron yields usually
measured at |y| < 0.5

- At rapidities lower than ~5 GV and
larger than ~100 GV, most of the
antideuteron flux is produced at

rigidities larger than 0.5

- Assumption based on event

generators: coalescence

parameter is independent on
rapidity
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Rapidity dependence TUTI

* Antideuteron yields usually
measured at |y| < 0.5

- At rapidities lower than ~5 GV and ‘N - e W] -
larger than ~100 GV, most of the ~ - (2] 0.9<p/A<10 GeVic (" 2) ALICE -
antideuteron flux is produced at = - 1.0<p; JA<1.1 GeVic (x 2) -
rigidities larger than 0.5 5 [ 11<p /A <1.3 GeV/c (x 2) pp Vs=13TeV _

, ~ o 13<p/A<1SGeV/c( 2)

- Assumption based on event 5 1@ 15<p, "IA<1.7 GeV/c (x 1)
generators: coalescence - EPOS 3 + coalescence =
parameter is independent on - .
rapidity S e i

* ALICE extended the measurement - .
range of antideuterons to |y| < 0.7 T — : -
* Results: —— e e :

- Confirmed flat shape of By i - — * _

L I R R R R I SR TR SR RN S SR
o 4N, 0 0.2 0.4 0.6 0.8 1
A 3
B, = P |y

ALICE Collaborati Xiv:2407.10527
XSCRC 2024 | laura.serksnyte@cern.ch CE Collaboration, arXiv



Rapidity dependence TUTI

* Antideuteron yields usually
measured at |y| < 0.5

- At rapidities lower than ~5 GV and 6& - o . .
larger than ~100 GV, most of the ~ - [2]0.9<p/A<1.0 GeVlc (" 2) -
antideuteron flux is produced at > - 1.0<p, JA<1.1GeVic (x 2) ALICE -
rigidities larger than 0.5 0, - [ 11<p, JA<1.3 GeV/c (x 2) pp Vs =13 TeV _

_ ~ . 13<p/A<1SGeV/c(x2)

- Assumption based on event 5 1 E15<p. "/A<1.7 GeVic (x 1)
generators: coalescence - EPOS 3 + coalescence 5
parameter is independent on - .
rapidity S e i

* ALICE extended the measurement - .

range of antideuterons to |y| < 0.7 T — : .

* Results: e e §

- Confirmed flat shape of By i —— * _

L I R R R R I SR TR SR RN S SR
o 4N, 0 0.2 0.4 0.6 0.8 1
A 3
BA — s A - - g - gugs Iy‘
( i d3Np) Safe to use mid-rapidity data to extrapolate to forward rapidities
P d3pp

ALICE Collaborati Xiv:2407.10527
XSCRC 2024 | laura.serksnyte@cern.ch CE Collaboration, arXiv
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Understanding cosmic ray fluxes

e Production < ALICE: measurements to understand
the production and constrain models

* Propagation

* Inelastic interactions 4 ALICE: Inelastic cross section measurements

y+y—= W'W~ = He+ X
’ \oyager
A

<3S
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Understanding cosmic ray fluxes

e Production < ALICE: measurements to understand
the production and constrain models

* Propagation

* Inelastic interactions 4 ALICE: Inelastic cross section measurements

y+y—= W'W~ = He+ X
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A
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Results TUTI

* Momentum estimated at the inelastic interaction point
* Inelastic antihelium-3 cross section on average target material
* At low momentum, rather good agreement between data and Geant4 prediction observed

5.0
4.5
ALICE pp Vs =13 TeV
In| <0.8
(A =17.4 o | Data — - Geant4
(A) = 31.8 e |[Data —— Geantd

(A)=17.4 |y 95% confidence (upper limit)

C)-inel(SHe) (b)

B .
F
®
0.5
0 | \/| | | | | |
O 1 2 3 4 ) 6 7/ 8

ALICE, Nature Phys. 19 (2023) 1, 61-71
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Results TUTI

* Momentum estimated at the inelastic interaction point

* Inelastic antihelium-3 cross section on average target material

* At low momentum, rather good agreement between data and Geant4 prediction observed
* At higher momentum, data are systematically ~20% lower than Geant4 parametrisation

5.0 5.0
4.5 ALICE pp VS =13 TeV 4.5 1 ALICE Pb-Pb vy = 5.02 TeV
4.0 In|] < 0.8 4.0 H 0-10% centrality
3.5 (A)=17.4 o [Data — — Geant4 a5 | In| < 0.8
2 4, (A)=31.8 | e |Data —— Geant4 g 50 L (A)=34.7 - Data  — - Geant4
) =17. % fi imi ©
EPY: (A)=17.4 |y 95% confidence (upper limit) J«oI .
< 20 —. g 20
1.5 | 1.5
—t
1.0 o — 1.0
[
0.5 - 0.5 |
O | \/I | | | | | O | | | | | | | | |
O 1 2 3 4 5 6 7/ 8 O 1 2 3 4 5 §) 7/ 8 9 10
p (GeV c™) p (GeVc™)

ALICE, Nature Phys. 19 (2023) 1, 61-71
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Results

* Momentum estimated at the inelastic interaction point

m &

* Inelastic antihelium-3 cross section on average target material

* At low momentum, rather good agreement between data and Geant4 prediction observed

* At higher momentum, data are systematically ~20% lower than Geant4 parametrisation
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ALICE, Nature Phys. 19 (2023) 1, 61-71
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First Ulnel(3 He) measurements' ~Pb Vs = 5.02 TeV
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Solar modulated antihelium flux

e (Coalescence model validated with ALICE
antideuteron and antihelium-3 data

* Uncertainties shown only from ALICE
measurement, small compared to other

uncertainties in the field

* Disappearance effect strongly depends on

the cosmic ray flux shape

* Large transparency to both signal and

background components

XSCRC 2024 | laura.serksnyte@cern.ch
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ALICE, Nature Phys. 19 (2023) 1, 61-71

BRI Ty
X+ x->WW- 3He + X

GAPS sensitivity
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ALICE measurement

DM: Phys. Rev. D 89 (2014) 076005

Bkg: Phys. Rev. D 102 (2020) 063004
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AMS 13-year sensitivity
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Solar modulated antihelium flux

e (Coalescence model validated with ALICE
antideuteron and antihelium-3 data

* Uncertainties shown only from ALICE
measurement, small compared to other

uncertainties in the field

* Disappearance effect strongly depends on

the cosmic ray flux shape

* Large transparency to both signal and

background components

FlUX(Uinel)

Transparency =

Flux(dinel — O)
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ALICE, Nature Phys. 19 (2023) 1, 61-71
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Solar modulated antihelium flux TLT

* (Coalescence model validated with ALICE o e ALICE, Nature Phys. 19 (2023) 1, 617
antideuteron and antihelium-3 data 107> x4+ xy->WwW- 3He + X DM:Phys.Rev. D89 (2014076005 -

Bkg: Phys. Rev. D 102 (2020) 063004

—
"I' GAPS sensitivity
e

. . DM
* Uncertainties shown only from ALICE < 1077} /
> m, = 100 GeV/c? Bck
measurement, small compared to other o |t
uncertainties in the field N e n O
I NS
[ ] m ~
* Disappearance effect strongly depends on s
the cosmic ray flux shape ~h

* Large transparency to both signal and
background components

ALICE measurement

-1 0 1 2
F]ux(gmel) o= o 100 10
Transparency = ?o 75} -
Flux(dinel = 0) v
S0.50F
n
ALICE measurement of antihelium-3 50.25 |- -
Inelastic cross sections can be used in all = T T T o
. W . 10~ 10
future studies of antihelium-3 cosmic rays! E... (GeV/A)

XSCRC 2024 | laura.serksnyte@cern.ch 13



Same studies for antideuterons

ALICE, PRL 125, 162001 (2020)

m &

First low energy
antideuterons inelastic cross
section measurement

ALICE
p—Pb |5, = 5.02 TeV

(Z)Y=14.8,(A)=31.8,Inl <0.8
—— o, (d + (A)) GEANT4
. .(d + (A)) GEANT4
—— Data (ITS+TPC+TOF)

B G, (d+(A) tTo
C,o(d + (A)) +20

N\
N

ALICE
p—Pb |5, = 5.02 TeV

(Z)=85,(A)Y=17.4, Il <0.8
—— o, (d + (A)) GEANT4
G, o(d + (A)) GEANT4

L e e e o

—e— Data (|TS+TPC)

Bl G  (d+(A)tlo
G, o(d + (A)) X260

/
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First low energy
antideuterons inelastic cross
section measurement

Same studies for antideuterons

ALICE, PRL 125, 162001 (2020)

| : | ' |
ALICE
p—Pb (s = 5.02 TeV
(Z)Y=85,(A)=17.4,Inl <0.8
—— o, (d + (A)) GEANT4
G, o(d + (A)) GEANT4
—e— Data (|TS+TPC)

Bl G  (d+(A)tlo
G, o(d + (A)) X260

| : |
ALICE
p—Pb |5, = 5.02 TeV

(Z)Y=14.8,(A)=31.8,Inl <0.8
—— o, (d + (A)) GEANT4
. .(d + (A)) GEANT4
—— Data (ITS+TPC+TOF)

B G, (d+(A) tTo
C,o(d + (A)) +20

N\
N

|
Ie
I
-
I
|
il

L e e e o
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Talk by David at 13:10
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Same studies for antideuterons TUm

ALICE, PRL 125, 162001 (2020)

' I ; l ; I 7 ; I ' | ' I ' :
l ALICE ( % ) ALICE § First low energy
6 [ 6 [+ 3 antideuterons inelastic cross
! p—Pb |5, =5.02 TeV | p—Pb \s, =5.02 TeV " '
5 It (Z)=85,(A)=17.4,In1<08 - 5 1t (Z)=14.8,(A)=318 <08 % Section measuremen
. 1 —— cmel(d + (A)) GEANT4 7 = S
= 0 o, (d + (A)) GEANT4 e s Serkényte, Phys.Rev.D 105 (2022) 8, 083021
b.“s’ 31 —e— Data (ITS+TPC) § S l . e
& \ - 0-inel(g . <A>) tlo O — bb —d +X F
i . (d+ (A)) +20 = 1000 GeV
i >
G =
1 ,lf" OGeant4 E o — OGeant4
g w Olbarra I Olbarra
0 \ | 1 | I | 1 la OKorsmeier OKorsmeier
0 1 2 3 o GALICE | oALICE
E ine g E ine
p(GeV/C) : e | 1 PR S T A A | 1 1 111111- b...l M a2 a2l A e—a s aaaal
T 10° 10 : 109 10°

Eyin (GeV/nucleon) Eyin (GeV/nucleon)

"l" L) L} 'Il"l' L} L} LA A B B A ) 'l'l L) L] "I'l'l L} L} "I'II[

L y+y > bb—>d+X

DM m, = 1000 GeV

Bck Shukla et al.

Resulting uncertainties on
cosmic rays ~25%

Relative Uncertainty
Relative Uncertainty

10° 10 10° 10
Evin (GeV/nucleon) Eyin (GeV/nucleon)
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Summary

©  f o9<pia<ioGeview?)
_ ‘% - 1.0<p/A<1.1GeVic (x2) ALICE
* Production 8 [ ipacissaettpp fs=1aTey
. L, . . . Q 1:_E|1.5<pT/A<1.7GeV/c(x1) —
- High precision differential (anti)deuteron and [ EPOSCrcomescance
(anti)helium yields in pp collisions e e L
- Coalescence parameter Bz is flat as a function of ™ = = ;
rapidity: extrapolation from mid-rapidity to
forward rapidity should be safe
| Y1
* Annihilation: o
Al ey
- First ever low momentum antideuteron ) meos
measurement 2 5o\ w=317  [Wlosts —- ceanta
- First ever antihelium-3 measurement . - T
* Future/ongoing: " Clawes it o 1
- high-pT deuterons with HMPID : Erooms | ploeve
- inelastic cross-section of antihelium-4 = 0N
- First observation of antihelium-4 in pp collisions E i

E /A (GeVIA)
XSCRC 2024 | laura.serksnyte@cern.ch
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Method: ALICE as a target M ®

Antimatter-to-matter ratio TOF-to-TPC-matching

e Measure reconstructed 3He/ 3[—]e and M 3_H 3—H
[ | | | | | . r r
compare with MC simulations easure reconstructea eTOF/ CTPC

and compare with MC simulations

XSCRC 2024 | laura.serksnyte@cern.ch 17



(Anti)nuclei production mechanisms  TUTI &)

Andronic et al., Nature 561 ( 2018) 7723 321 -330

e Statistical Hadronisation Model (SHM) 10° Eq. . Pb-PD |5y, = 2.76 TeV, 0%-10% centrality
. : : N
- describes the yields of light-flavoured hadrons 101 e B
by requiring thermal and hadron-chemical - R
equilibrium 10° s
= 2
Sl ) :
§>~ 10 .
> :
© 400 E
1074 ® Data from the ALICE Collaboration @ ?;
g - Statistical hadronization _é'
L Total (after decays) ’
-------- Primordial -
10-7 i ) O B R U B LT e T e [
0 05 10 s op o8 G 50 4]
Mass (GeV)
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(Anti)nuclei production mechanisms  TUTI &)

Andronic et al., Nature 561 ( 2018) 7723 321 -330

« Statistical Hadronisation Model (SHM) 10° g . Pb-Pb Sy = 2.76 TeV, 0%-10% centralty %
- describes the yields of light-flavoured hadrons i Y ;
by requiring thermal and hadron-chemical . R E
equilibrium 10° . = .
- - E
+ 1071 -

* Coalescence Model 3 ”

10 1
- Nuclel are formed by nucleons coalescing after “E @ Datafrom the ALIGE Collaboration 1

1074
freeze_ O Ut 105 & Statistical hadronization _;'
. Total (after decays) :
- Depends on phase-space of produced ey e
nucleons (momentum, distance) and deuteron huleer el
Wigner function Mass (GeV)
d°N,
E, :
B. — d"py _
A T . A 1%
d°N

&y
S|
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Me

Comparison

* Nucleus to nucleon yield ratio evolves smoothly with multiplicity
- Dependence on the system size
* Deuterons: no conclusion on the different models

 Helium-3: model predictions different but insufficient data precision
ALICE, arxiv:2405.19826

A~
Q- . —— CSM, T, =155MeV, V,=1.6 dV/dy _
+ ~ —— CSM, Tany= T(dN_ /dn)), V_=1.6dV/dy .
O (0.005— Saha eq. with annihilations ' —
= ~ —— ToMCCA, arXiv:2404.03352 5
—_ - = Coalescence \ i _
'S 0.004F lyl < 0.5 for pp, Pb-Pb | % —
+ - -1<lyl <0 for p-Pb i =
O B T ~——— ]
— 0 003__ ........... =
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Comparison

* Nucleus to nucleon yield ratio evolves smoothly with multiplicity
- Dependence on the system size
* Deuterons: no conclusion on the different models

 Helium-3: model predictions different but insufficient data precision
x107° ALICE, arxiv:2405.19826
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CSM vs Coalescence

Nucleus to nucleon yield ratio evolves smoothly with multiplicity

- Dependence on the system size

Deuterons: no conclusion on the different models

Helium-3: model predictions different but insufficient data precision

<
~
1L
N <

Hypertriton has a size of ~10 fm

- Relevant for coalescence but not SHM

Coalescence provides the best description
of hypertriton measurement in pp collision
system
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Antimatter-to-matter method

Ginel(3H_e) in MC varied for each momentum bin to match:
« experimental data — central value

» upper/lower edge of the total error bar — 10 confidence interval

Raw antimatter-to-matter ratio
Nature Physics (2022)
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Antimatter-to-matter method TLT

Ginel(3H_e) in MC varied for each momentum bin to match:
« experimental data — central value

» upper/lower edge of the total error bar — 10 confidence interval

Raw antimatter-to-matter ratio Lambert-Beer law: B/B « exp(—a;,,.;)
Nature Physics (2022)
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Antimatter-to-matter method TLT

Ginel(3H_e) in MC varied for each momentum bin to match:
« experimental data — central value

» upper/lower edge of the total error bar — 10 confidence interval

Raw antimatter-to-matter ratio Lambert-Beer law: B/B « exp(—a;,,.;)
Nature Physics (2022)
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Antimatter-to-matter method TLT

Ginel(3H_e) in MC varied for each momentum bin to match:
« experimental data — central value

» upper/lower edge of the total error bar — 10 confidence interval

Raw antimatter-to-matter ratio Lambert-Beer law: B/B « exp(—a;,,.;)
Nature Physics (2022)
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Antimatter-to-matter method TLT

Ginel(3H_e) in MC varied for each momentum bin to match:
« experimental data — central value

» upper/lower edge of the total error bar — 10 confidence interval

Raw antimatter-to-matter ratio Lambert-Beer law: B/B « exp(—a;,,.;)
Nature Physics (2022)
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Antimatter-to-matter method TLT

Ginel(3H_e) in MC varied for each momentum bin to match:
« experimental data — central value

» upper/lower edge of the total error bar — 10 confidence interval

Raw antimatter-to-matter ratio Lambert-Beer law: B/B exp(—ginel)
Nature Physics (2022)
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Antimatter-to-matter method TLT

Ginel(3H_e) in MC varied for each momentum bin to match:
« experimental data — central value

» upper/lower edge of the total error bar — 10 confidence interval

Raw antimatter-to-matter ratio Lambert-Beer law: B/B « exp(—a;,,.;)
Nature Physics (2022)
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- experimental data — central value

» upper/lower edge of the total error bar — 10 confidence interval
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Raw (°He / °He)

Nature Physics (2022)
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Antimatter-to-matter method

He) in MC varied for each momentum bin to match:
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TOF-to-TPC method TLT

ainel(3H_e) in MC varied for each momentum bin to match:

« experimental data — central value

» upper/lower edge of the total error bar — 10 confidence interval
Same procedure applied for TOF-to-TPC matching method

TOF-to-TPC matching TOF/TPC x exp(—o;,,;)
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* Material budged distribution can be
modelled and studied in Geant4

e \Was validated with:

> Photon conversion analyses (up to outer

TPC vessel) [1]

> Tagged pion and proton absorption
studies (for the material between TPC
and TOF detectors) [2]

* Result: total material budget known to a
precision of ~4.5%!

* Average material

Zl 1Z lle i

<A>=

ALICE material budget

Zizl ijlpij
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Cumulative material budget (X/X,)

e Antimatter-to-matter method: 31.8

TOF-to-TPC method: 34.7
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(Anti)nuclei production mechanisms  TUTI &)

Andronic et al., Nature 561 ( 2018) 7723 321 -330

« Statistical Hadronisation Model (SHM) 10° g . Pb-Pb Sy = 2.76 TeV, 0%-10% centralty
- describes the yields of light-flavoured hadrons i Y
by requiring thermal and hadron-chemical . RS
equilibrium 10° dies
— B
- canonical ensemble (CSM): local conservation 3"
of quantum numbers (S, Q and B) g

—_
o
w

- ”0” ?:
104 ® Data from the ALICE Collaboration E

107° Statistical hadronization E
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(Anti)nuclel production mechanisms

Andronic et al., Nature 561 ( 2018) 7723 321 -330

» Statistical Hadronisation Model (SHM)

- describes the yields of light-flavoured hadrons
by requiring thermal and hadron-chemical
equilibrium

- canonical ensemble (CSM): local conservation
of quantum numbers (S, Q and B)

e (Coalescence Model

- Nuclel are formed by nucleons coalescing after
freeze-out

- Depends on phase-space of produced
nucleons (momentum, distance) and deuteron
Wigner function

XSCRC 2024 | laura.serksnyte@cern.ch

ke
ot

dN/dy/(2J + 1)
o

—h
ol
w

10

10

0—6

—h

Tm &

1 1 I 1 I I 1 1 1 I 1 I 1 I I 1 1 I I I IIIIIIIIIII
0. Pb—Pb \s\y =2.76 TeV, 0%-10% centrality

L 4
’Q

® Data from the ALICE Collaboration

Statistical hadronization

Total (after decays)




CSM vs Coalescence

* Nucleus to nucleon yield ratio evolves smoothly with multiplicity

m &

- Dependence on the system size
* Deuterons: no conclusion on the different models
 Helium-3: model predictions different but insufficient data precision

=155 MeV, V. =1.6 dV/dy
— CSM, T4, = T((chh/dn)), V_=1.6dVidy
Saha eq. with annihilations '
—— TOMCCA, arXiv:2404.03352
- Coalescence i

lyl < 0.5 for pp, Pb-Pb
-1 < lyl <0 for p-Pb

ALICE, arxiv:2405.19826
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CSM vs Coalescence

* Nucleus to nucleon yield ratio evolves smoothly with multiplicity

Me

- Dependence on the system size
e Deuterons: no conclusion on the different models

 Helium-3: model predictions different but insufficient data precision
x107° ALICE, arxiv:2405.19826
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CSM vs Coalescence

Nucleus to nucleon yield ratio evolves smoothly with multiplicity

- Dependence on the system size

Deuterons: no conclusion on the different models

Helium-3: model predictions different but insufficient data precision

<
~
1L
N <

Hypertriton has a size of ~10 fm

- Relevant for coalescence but not SHM

Coalescence provides the best description
of hypertriton measurement in pp collision
system

XSCRC 2024 | laura.serksnyte@cern.ch

0.6

0.5

0.4

0.3

0.2

0.1

><1O$I

ALICE Preliminary

¢ Run 3, pp Vs =13.6 TeV
Run 2, pp Vs =13 TeV

—— SHM, Ve =1.6 dV/dy
Coalescence, 2-body -

10

(chh/d n)

117|1<0.5

30



Inelastic cross section

e Relation between annihilation term and the inelastic cross section
1 3He 3 1714
— = fc (nH(r)a - (p) + nHe(r)cfinel He He(p))

r inel

* Parametrisation in Geant4, where Rais a function of target nuclei nucleon number

| Ao'S!
inel __ 2 : hN
A

XSCRC 2024 | laura.serksnyte@cern.ch

31



Sophisticated Coalescence UM

* Largest uncertainty: production models T NN
_ _ S 0.0020— deuterons, pp s =13 TeV HM
* Wigner formalism - the new era of coalescence > i ¢ ALICE JHEP 01, 106 (2022) _
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Method benchmark: antiprotons

* Benchmark with well known inelastic cross-section measurement: antiprotons

 Good agreement between the data and Geant4 parametrisation constrained to available

measurements
3.5 1 ' T ' I T
3 ALICE (a)
1 p—Pb \s, =5.02 TeV
2.5

cYinel (b)

(Z2)=85,(A)=174,Inl <0.8
— — 0, (P + (A)) GEANT4
o, (P + (A)) GEANT4
—e— Data (ITS+TPC)
Bl o, (P +(A)tlo
C.(P + (A)) 20
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Collisions In interstellar medium

Propagation

Source Function

0]
CR Flux

Proton Energy Proton Energy

CR=H,He ISM=H,He -
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Collisions in interstellar medium TUTI

 [argest antideuteron yield from collisions of protons of kinetic energy ~200-500 GeV
* (Corresponds to SPS centre-of-mass energies!

Propagation

* The antinuclel inelastic cross sections must be evaluated at many different collision energies

Source Function
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Collisions in interstellar medium TUTI

 [argest antideuteron yield from collisions of protons of kinetic energy ~200-500 GeV
* (Corresponds to SPS centre-of-mass energies!

Propagation

* The antinuclel inelastic cross sections must be evaluated at many different collision energies
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Antideuteron cosmic ray fluxes TUM

* Uncertainty only from inelastic
Cross section measurement AMS-02 (5 years)
. GAPS (3x 35 days)
* Different coalescence models o D 108 033021 (200

provide order of magnitude T T
X +X — bb —d+X

difference —2| _
10 M
— OQGeant4
. . ALICE
» Signal to background ratio 2-3 orders . -— Tine Dek
of magnitude! 1077r '
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—— Shukla et al.
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o
>

* Signal fluxes decreasing with
iIncreasing DM mass
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Antideuteron cosmic ray fluxes

* Uncertainty only from inelastic
Cross section measurement

e Different coalescence models

TUTI &

AMS-02 (5 years)

GAPS (3x 35 days)

provide order of magnitude

difference T q0-2L XX _
g 0 Geant4 DM
. . Q2 SALICE Bk
* Signal to background ratio 2-3 orders S .. BESS97-00 inel C
of magnitude! § 10771 ! ;
O
S m, =10 GeV
i 10-6 — Shukla et al.
 Signal fluxes decreasing with =
iIncreasing DM mass &
I
£ 10°°
X
= m, = 1000 GeV
10—10 .

—sbb —+d+X

XSCRC 2024 | laura.serksnyte@cern.ch

10-1

BECIRG
Ein (GeV/nucleon)

“jo?

36



All antihelium vs which reaches TOF
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Inelastic cross sections

All antinuclei up to A=3 measured!

Antihelium-3 Antitriton

Phys.Lett.B 848 (2024) 138337
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Inelastic cross section uncertainties

* First time data-driven estimate; propagated uncertainties

e |nelastic cross section from now on well constrained with data!
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Studying light nuclei formation

Light nuclel production must be understood
better!

* ALICE studies of light nuclei production
* AMBER experiment at SPS [1]:
> Proton beam scan from 50 GeV to 250 GeV
> Proton and helium targets
 LHCb experiment at LHC [2]:
> p-He collisions
* NA61 experiment at SPS [3]:
> Proton beam scan from 9 GeV to 400 GeV

> Antideuteron production
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Production cross sections

* Model Is used to estimate production cross-section at different collision energies

Tm &

 These can be used directly as input to account for antinuclel production in cosmic ray
collisions with interstellar medium

ukla et al. f).s"z}‘,\‘. Rev. D 102, 063004 (2020) Shukla et al. f),“'tr‘\[\l Rev. D 102, 063004 (2020)
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CR fluxes for different DM assumptions TLTI
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