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Antiprotons in Cosmic Rays

primary antiprotons secondary antiprotons
® dark matter annihilation ® primary cosmic rays (p,He)
X SM scatter on interstellar matter

X SM
® smooth spectrum

0.010

— 10 GeV
— 100 GeV
— 1000 GeV

0.001}

10—4 |

source term

107°

(T/m)?dN,/dT [GeV™"]

1076

0.1 1 1‘0 160 10‘00
LRl ' 05 5 50 500
T [GeV]

Martin W. Winkler (Stockholm University) Cosmic Ray Physics at Accelerators May 31, 2021



Antiproton Production Cross Section: Status 2014
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Scaling Violation
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Scaling Violation

extrapolation from data at central rapidity (y~0)
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The AMS Antiproton Excess
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® AMS-02 antiproton excess 2015 is explained by scaling violation and
updated propagation
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The AMS Antiproton Excess
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Proton Helium Scattering

® Monte Carlo Approach, simple scaling law

® prediction based on pp, pC data, empirical model

® first ever measurement by LHCb-SMOG
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Proton Helium Scattering

® Monte Carlo Approach, simple scaling law

® prediction based on pp, pC data, empirical model

® first ever measurement by LHCb-SMOG
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Hyperons

® 20 - 35 % of antiprotons from hyperon decay c7mp ~ cm

@® increase of strangeness with collision energy
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Hyperons

® 20 - 35 % of antiprotons from hyperon decay c7mp ~ cm

@® increase of strangeness with collision energy
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Hyperons

® 20 - 35 % of antiprotons from hyperon decay c7mp ~ cm

@® increase of strangeness with collision energy

E, [GeV]
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Isospin Effects in Antineutron Production

possible asymmetry
@ (anti)baryon produced in pairs p['),ﬁn due to isocharge
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Isospin Effects in Antineutron Production

possible asymmetry
@ (anti)baryon produced in pairs p['),ﬁn due to isocharge
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Antideuterons: The Smoking Gun Channel

antideuteron signal for dark matter candidate motivated by
galactic center gamma ray excess
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Antideuteron Coalescence

® coalescence model: proton and neutron merge if |Ap| < po

coalescence
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Cosmic Ray Antihelium

astrophysical background dark matter annihilation
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Cosmic Ray Antihelium

astrophysical background dark matter annihilation
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Antihelium at LHC

- _1 I I I I I I I 1 I 1 1 I I I I I - - = -
& 10— | ' ! ® first antihelium measurement in
T T ALICE pp Vs =7 TeV : -
2 o *He, ALICE pp {5 = 7 TeV - pp-collisions at ALICE
< I EPOS (LHC)* 1
102F - °He, EPOS (LHC)* E _ —1
* with afterburner /dt L o 4nb
F----¢----]
10°F { @ cross section for displaced He
i : ':‘Eﬁ Ofe = Opp—A, X Br(/_\b%H_e)NO.lnb
10_4 E__ - @ _E ? ?
: : O(0.1mb)  ©(1079)
-I 1 1 1 | I 1 | ] 1 I 1 1 ] I 1 1 1 I 1

0 0.5 1 1.5 2

slightly below ALICE sensitivity
pT!A{GeWc}

more data on inclusive He would be exciting! Direct measurement
of A, — He+ pp even better! » ALICE, LHCb, CMS, ATLAS?
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Outlook

® Cosmic ray physics crucially relies on accelerator data

® key measurements antiprotons:

pp (Hz2) =P scaling violation in forward hemisphere
pp, pHe — A, ¥  hyperons
pd —p isospin effects

® key measurements antinuclei

pp, pHe —d coalescence momentum

pp — A, — He+ pp antihelium from dark matter?

® many additional measurements interesting for positron flux,

CR spallation, CR interaction with detector & atmosphere ...
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