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Martin W. Winkler

partly based on JCAP 10 (2015) with R. Kappl, A. Reinert, JCAP 02
(2017), JCAP 01 (2018) with A. Reinert

& @ s,

— G
d19 o O
fI5) N/ 4 T
7 O

UCLA 2SN
March 28 StO.CkhO.lm
University

March 28 , 2019

Martin W. Winkler (Stockholm University) Hadronic Cosmic Rays



Secondary Cosmic Ray Production

@® primary cosmic rays scatter on interstellar matter and produce

secondaries: some nuclei (Li, Be, B), antimatter
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Dark Matter Annihilation

X SM e
® dark matter annihilation in
the galactic halo
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® sensitivity mostly in 3 — 1000 GeV
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® “smoking gun’ d

Martin W. Winkler (Stockholm University) Hadronic Cosmic Rays March 28 , 2019



Propagation

® propagation described by diffusion equation
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® pinching method

Diffusion on magnetic inhomogeneities

® 5 propagation parameters: Kg, d, L, V., V;
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AMS-02 Antiprotons

® 2015: surprisingly hard p spectrum observed by AMS-02
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High Energy Antiprotons

® background improvements
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High Energy Antiproton Flux
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High Energy Antiproton Flux
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High Energy Antiproton Flux
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A new Antiproton Excess
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Antiproton Cross Section

scaling violation hyperons
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Proton Helium Scattering

® p-He scattering predicted from pp and p-C data

® confirmed by first LHCB measurement
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Proton Helium Scattering

® p-He scattering predicted from pp and p-C data

® confirmed by first LHCB measurement
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Boron Production
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Solar Modulation

® force field approximation works reasonably for qgA > 0
TOA

STOA(T) = O1(T + ¢) (pp,s )2

® heliospheric current sheet significantly affects fluxes for gA < 0
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® charge-breaking extracted from PAMELA /AMS-02
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Antiproton + B/C Fit

antiproton flux boron/carbon
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Fit with Dark Matter

antiproton flux
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Constraints on Dark Matter
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Comparison
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Comparison
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Antideuteron Coalescence

® coalescence model only prompt nucleons count

d3nd . 1/d3 d6npn
dp3 8 d dp3 dp?
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Antideuteron Coalescence

@ coalescence model

© (po—q)

po: coalescence

R: correlation function momentum

» hard correlations

» kinematics
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Correlations
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Correlations
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® /s <50GeV : correlations purely kinematics

® /s >50GeV : hard correlations

but: correlations more important for XX — Pn
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Calculating the Coalescence Momentum

® model pn as quantum mechanical wave package

2

Wsa(r) oc e 2% 'Y

T source radius
0'/2 = RHBT —0.8—-13fm

® deuteron wave function
2

(1) o e 22
Va (I’) X e e — \/g X (rms radius)

® coalescence momentum

Po X </ d*q '/d3r W3 (r)Wsa(r)

N 1/3
) = 95-110 MeV
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Measurements of the Coalesncence Momentum

® d, p from same experiment, correct for A, X, n/p, correlations
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Measurements of the Coalesncence Momentum

® d, p from same experiment, correct for A, X, n/p, correlations
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Measurements of the Coalesncence Momentum

® d, p from same experiment, correct for A, X, n/p, correlations
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Antideuteron Sensitivity

@ antideuterons might provide a test for

dark matter interpretation

107°
f - | — AMS ~1event/5yr
’ N n:DOMO [GeV] o \ —— Dark Matter induced
\ —— Astro Background

—
<
~

Momentum =6.23 £0.37 GeV
Charge =-1 1 0—8 |
Mass = 1.741+0.24 r

X ~ March2, 2012 11:34 Mo = 1.88 Gev/c?

T [GeV/n]

Martin W. Winkler (Stockholm University) Hadronic Cosmic Rays March 28 , 2019



Conclusion

® D are dominantly secondary cosmic rays at all (measured) energies
® D set strongest constraints on hadronic WIMP annihilation

® small P excess at R ~ 10 GV is not significant, but defines

interesting target for d searches

@® progress in pinning down the coalescence momentum, but we need
data at small /s
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Constraints on Dark Matter

NFW
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Positrons

® positron spectrum requires extra source (e.g. pulsars)

® |ow energy e™ can still be used to constrain diffusion zone L
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Cross Section Comparison
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