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dark matter searches with cosmic-ray antiprotons

From 2016, different studies found an intriguing indication for a DM signal in the antiproton flux, for
DM masses near 80 GeV, with a hadronic annihilation cross-section close to the thermal value
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this talk

We will focus on the secondary antiproton production cross section.

In particular, we will consider the very low-energy regime, close to the
production threshold.

First, we will describe how this cross section is modelled and we will
discuss some potential shortcomings of the models that are actually
used.

Then, we will describe a simple analytical model to study the effects
that the modelling of this cross section has on the secondary
antiproton spectrum and on the bounds on dark matter annihilation
cross section.



secondary antiproton production cross section

We focus here on data-driven parametrizations. Alternative : Monte Carlo models (but, in general,
ess reliable at low energies, which is the focus here)

Parametrisation by Winkler (from Kappl and Winkler
JCAP 09 (2014) and Winkler JCAP 02 (2017) )
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There are several alternative parametetrizations: Tan and Ng

1982, Duperray et al. 2004, Di Mauro et al. 2014, etc...




secondary antiproton production cross section

We focus here on data-driven parametrizations. Alternative : Monte Carlo models (but, in general,

ess reliable at low energies, which is the focus here)
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1982, Duperray et al. 2004, Di Mauro et al. 2014, etc...




secondary antiproton production cross section

We focus here on data-driven parametrizations. Alternative : Monte Carlo models (but, in general,

ess reliable at low energies, which is the focus here)
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the cross section at low energies - the phase space model

We want to model the very low-energy behaviour of the cross section that describes the production of
antiprotons in pp collisions. In particular, we are interested in the reaction:

p+tp—ptp+tp+p

———

In general, the cross section for a 2 -> n process can be written as:

— — — R =

|
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L ’ ——
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»\We assume a constant matrix element M

»We write the phase space term analytically, by introducing intermediate particle-like end states,
which we integrate out at the end:

b q12 P2 dS dS
§m ddy = 2;23 271: dP2(P; q123,pa) dP2(q123; q12, p3) dP2(q12; p1, P2)
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our Ccross section model
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our Ccross section model

Phase space model, rescaled by means of a linear interpolation
between the two regimes
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secondary antiproton source term
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secondary antiproton source term
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secondary antiproton flux at Earth

transdort equation
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dark matter bounds

10_22 ] T T TTTTT] T T TTTTT] T T TTTTT] T T 117 10_22 ] T T TTTTT] T T TTTTT] T T TTTTT] T T 11
§ - Winklerl?7 7 § - Winklerl?7 :
- — PS + Winklerl7 (15 GeV) / - — PS 4+ Winklerl7 (15 GeV) —
53 | — PS+ Winklerl7 (20 GeV) al 53 | — PS + Winklerl7 (20 GeV) K
10 — i A= 10 — i o=
= — PS + Winklerl7 (25 GeV) L 3 = — PS + Winklerl7 (25 GeV) RAN=
~ — PS + Winklerl7 (30 GeV) ] ~ — PS + Winklerl7 (30 GeV) ]
10_24 E_ '," g 10-24 E_ ‘o“ g
10-25 _ ’xo - 10—25 - ‘," -
£ N\ : & :
10726 L ‘ "O.' _ 1026 L ‘ ".. _
= % DNt = = . =
1077 £ E 107’ = 3
10_28 = = 10-28 = E
- relim bb - - relim WTW -

- [preliminary - [ preliminary
10 L L Lttt L il Ll L L 111l 10 | L L L 101l AR NEEN Ll L L 011l
10* 10° 10° 10* 10° 10* 10% 10° 10* 10°
Mpy [GeV] Mpy [GeV]

95% C.L. bounds obtained by marginalising over the force tield potential of solar modulation



conclusions and outlook

We have lillustrated a very simple analytical model to describe the
low-energy behaviour of the secondary antiproton production cross
section

By applying such model we have shown that changes in this cross
section can have a quite large impact on dark matter searches.
Achieving a better understanding of the very low energy regime is
thus an important step in understanding potential dark matter signals.

Obviously, our phase space model is very likely to be an
oversimplification. \We are currently working on refining it by including
effects that could be relevant (resonances, formation of bound states,
final state interactions ...)
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dark matter bounds
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transport parameters

Winkler Winkler Winkler Winkler Winkler
+ PS 15 GeV | + PS 20 GeV | + PS 25 GeV | 4+ PS 30 GeV

Dg [104% cm?s™ 1] 3.57 3.57 3.59 3.59 3.63
1 0.47 0.47 0.47 0.47 0.48
0o 0.37 0.38 0.38 0.37 0.37

Ry, [GV] 179.63 179.59 177.42 179.32 178.06

va [kms™!] 23.74 23.88 24.12 23.28 23.59
dve/dz [kms™‘kpc™ 1] 0.70 0.70 0.71 0.70 0.71
Yp.1 2.13 2.13 2.13 2.13 2.12
V.2 2.39 2.39 2.39 2.39 2.39

pp [GV] 10.16 10.17 10.16 10.19 10.16
YHe,1 2.18 2.17 2.15 2.18 2.17
YHe,?2 2.30 2.30 2.30 2.30 2.30

pHe |GV] 10.10 10.09 10.09 10.10 10.10
©op |GV] 0.76 0.77 0.77 0.76 0.75
PHe [GV] 0.61 0.60 0.56 0.61 0.60
vp [GV] 0.96 0.99 1.00 1.03 1.07




transport parameters - fit to B/C data

transport ¢ uwatlon
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» We determine the propagation parameters by
fitting AMS proton, Helium and B/C data

» We model solar modulation with a force-field
approximation

» We assign a free normalization (different for
each cross section model under consideration) to
the secondary antiproton flux
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Model Np | ¢p | Xz [57 data points|
Winkler 0.96 | 0.73 81.04
Winkler + PS 15 GeV | 0.96 | 0.76 74.00
Winkler + PS 20 GeV | 0.96 | 0.77 52.21
Winkler + PS 25 GeV | 0.95 | 0.77 39.67
Winkler + PS 30 GeV | 0.92 | 0.78 82.97




dark matter bounds - fit to B/C data
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dark matter bounds - fit to B/C data
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