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Pote ntlal Of antl partlcles Flux of CR nuclei and antiparticles (data from AMS
to reveal the existence of
BSM physics
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High precision data for the fluxes of CR nuclej'“m
allow us to accurately model the production ¢
of CR antiparticles and uncertainties related. 7,
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The antiproton spectrum allows us to
strongly constrain the existence of BSM
physics due to the expected low production
and uncertainty in their modelling.

Specially, well motivatew/IMPs
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Pote ntlal Of antl partlcles Flux of CR nuclei and antiparticles (data from AMS

to reveal the existence of "
BSM physics
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(ov) 95% Upper limit [cm?3/s]

Dark matter bounds from
antiproton analyses

Maximum significance found to be below®(local)!

P.D.Let al, in preparation
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Our DM searches constrain the DM signal to
be, at most, 10% of the total antiproton flux,

while the experimental errors are ~5%

(dominated by the systematic uncertainties)

Difficult to improve these constraints in

a longtime!




Anti-nucleias the dark matterrsmoking gun

The window to prove (or disprove) many possible astrophysical excesses
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For kinematical reasons, the production
of antinuclei from CR interactions is
not important at energies below the
GeV, offering aclear way to spot the
production of anti-nuclei from dark
matter (at least for masses below
~hundreds of GeV)

Secondary aninuclei produced from
homologous interactions as for p, but
highly suppressed (due to coalescence)!



Events

ANTINUCLEI: AME masscharge spectra
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Events

ANTINUCLEI: AME masscharge spectra
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Propagation code: github.conospinegCustomised

P ro pagati on SEtu p DRAGONersions/Custom_DRAGON2 htinuclei

X Implementation of arvnuclel dark matter and secondary production in DRAGON2

U Cross sections derived from analytical

coalescence model. Using fits of 100 oracons e — s e PTF
antiproton (antineutron) production .~ DRAGON2 He+p  —— Pythia ar ; PP
from Winkler, JCAP 02, 048 (2017) -------- DRAGON2 He+He o e
-2 e T
U DM spectrum at production derived =
from Pythia 8.2 simulating a neutral E_.
colorlesgesonance. o
Space and momentum {pconditions °
for coalescence. Also including 10

production from antihyperons
U Inelastic cross sections and tertiary o
production computed extrapolating
antiproton parametrizations

CR +gas—d+ X
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Propagation code: github.conospinegCustomised

P ro pagati On SEtu p DRAGONersions/Custom_DRAGON2 htinuclei

X Implementation of arvnuclel dark matter and secondary production in DRAGON2

U Cross sections derived from analytical 800
coalescence model. Using fits of 200k Korsmeier et al.
antiproton (antineutron) production h —— Geant4 :
from Winkler, JCAP 02, 048 (2017) __ 600 Ibarra et al. .

_ : Q9 £ fit to 1o band from ALICE

U DM spectrum at production derived £ |
from Pythia 8.2 simulating a neutral 5 400
colorlessresonance. T 300,

Space and momentum {pconditions © |
for coalescence. Also including 2001 E
production from antihyperons 100
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production computed extrapolating .
antiproton parametrizations ES, (GeV/nucleon)
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Astrophysical production CR + ISMFfe.

Canwe-explainthe AME measurements,without invoking any-exotic;source?

Main uncertainty is the coalescence parameter, the rest of uncertainties are wids

We expect to have measurements of the d flux in the next years!! But nothing about He till
ALADINO or AMS-100 (foreseen to 2039)

P.D.Let al, in preparation
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Darkrmatter-production

Estimations of the expected flux from DM hints have changed significantly over the last
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years.The measurement of antdeuteron events by GAPS or the TOF (AMES will
certainly evidence exotic mechanisms of production of these particles

P.D.Let al, in preparation
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DM production: Upper Limits MZE} R

Maximalantinucleiflux allewedffromoour:antiproton boundg&lncertainties in the

coalescence momentum can hardly explain the detectio® @) antinelium3 event

by AMS02, but areunable to explain any detection of antiheliurd by AMS02X

P.D.Let al, in preparation
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The observation of antihelium is much harder to explain
because standard models predict a production r&i@/1000

Astrongly coupled dark secto® I y LINE Rdz&ttn I & Rl NJ
AK26SNEX ISYSNI OAY dpioksh @ K¢ Iz & A di]
subsequently decay into SM quarks through, e.g., the Higgs or top
portals,triggering a hadronic shower.

Simulated with Pythiaa yx — ¢ — 2¢'¢" — N ' — Ny tt

This could have escaped detection at LHC and it offers a pathway
to look for excesses in thditop channel
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CR antinuclel predictions and their

COHClUSionS detectabillity in the next years

ADM constraints with antiprotons will not improve significantly in the next years

AAnti-nucleiare a very promising channel to stusignals from dark matteand
constrain our currenWIMP modelsc At reach in the next decade!

AThe secondary production of antleuteron is already detectable by AMS2
(need to refine experimental analysis)

AExciting preliminary detectionof ari Sf A dzy aSSY U2z RSTe 2
2 Lat LINPRdAzOU A 2y re&l sfhsokingdtazScénardsd Sy U X

A QCDlike dark sector can be a viable solution and testable in accelerators!

Pedrodela Torre Luque 7 5/052023
pedradelatorrelugue @fysikuse
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Injection ©of CRs by sources |: - w
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CR
| CRs are accelerated in shoekske those
- EERPECER) found in SNRs, star clusters BYWNe

Then, they are injected to the interstellar
medium where they can interact with gas and

magnetic fields

Upstream Downstream © M. De Becker

Diffusive shock accelerationifspired in
the Fermi mechanishexplains the power
law distribution of CR particles
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Injectionof(CRs by sources

In Galactic CR studies, the injection spectrum

IS parametrized as a (broken) powlew and
the distribution of sources follow SNhstrib.
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A few key observations show evidence that|C
propagate in the Galaxy for millions of year

Abundance relative to Carbon = 100

Charged particles are accelerated by astrophysical
sources and propagate throughout the Galaxy during
millions of years, due to scattering with plasma waves.

6

Nuclear abundance: cosyiétys compared to solar system

zZAq®) © O

R®ansport of CRs is described

a diffusive process!

AS

10

10* -

10% |

10°

Gaisser & Stanev, 2005
v

Turbulence gets CRs confine
within the Galaxy forMyrs

20



The propagation of CR®iffusion equation

X The basic idea is that primary particles are accelerated in astrophysical sources (namely SNRs)
and propagate throughout the Galaxy during millions of years, due to scattering with plasma
waves. Occasionally, they interact with gas and produce secondary nuclei through spallation.

— - () ,, (9 Nj () Fhayro
N AN ety s St Py e vl flid o 250 L N L S R AT,
(@WN’H Jp !P O ap (1?3)] L 9 [/)N 3 ( ”“N"ﬂ

, Nt w o N; N
O‘ ] e : A ] f

st @) Wy jL Z r!—” 1-_! A Z T
D

J—i

gt e AT A SR




Antiprotom excess A DM signal?

Several studies claimed the possibility ofexeessf data over the
predicted fluxat around 1020 GeV which can be thsignature of
dark matterannihilating or decaying into antiprotons
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Antiprotom excess A DM signal?

Further investigations revealed that the p spectrunoisilly
compatible withthe rest of CRswithout any need of dark matter.
Cross sectionsruncertainties and | AbScorrelated-errors arercrucial
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Antiprotom excesssi The spectral excess '

All analysis coincided in the position of the excess, but not Iin its Dent Proy P
aAdy AT A Olthg asttodhydical Linkeytainties were not .2 2D
completely understoodo YR GKSeé | NBYQuU eSuHU
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Antiprotom excesssi The grammage excess

£ : .
p/ p spectrum - Winkler analysis ennel'gy ) eﬂ: pred|Cted by the ﬂ LI-XB.tIOS Of
/ t, S, : 5 .
PDLICARL Q02018 s | ¢ Proy ’Pro,OpGCt,U underpredicts the antiproton
e R N N 0 Grammage tension
B # S/ €3¢
104 | _ ) S/,
y Yap
% P’ 4 —— Diffuse §/p - Winkler P.D.L.JCAR1 (2021) 018
Z : - Diffuse +10% B0 woectrmn
2 ¢ confidence —  LO sppec P
)/ t p/p AMS-02(2018) —— BeO spectrum
/ t  p/p Pamela (2010) g 2 o confidence
= }  B/O AMS-02(2016)
g = t Li/O AMS-02 (2016)
S % 0.5 } Be/O AMS-02 (2016)
3 010
L
Energy (GeV) 0.05
0.00

ConclusionCross:sectionsruncertaintiaffect very

significantlycourpredictionsranchn @xplain lthe excess

100 101

Energy (GeV/n)

102

2B



Search/for DM features:inithe antiproton,spectfum

___________________________________________________

o Combination of B, Be and Li to determine prop. Params | ! ' B/C, B/O, Be/C, Be/O, Ap/fProp. parameter)s

o0 Crosssection (XS) normalizations as nuisance parameterfs 108¢/°Be, 19Be/Be(H), Li/B

0 Two modifications of XS prior constraints: Q4 ST PN S T N Ny =T e T,
- No constraints - Penalty factor same as for B (Full cons. N statistical evidence in any analysis (0.6 < 1.1)

Flux ratio p/p

Residuals

P.D.Let al, in preparation
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b 2

Dark matter bounds from AR sty
y ] 10-4 | p/p Pamela " » WX B -
antiprotom combined analyses Xthop
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These analyses can rule out the thermal relic
crosssection for WIMP masses below ~50 GeV
Tension with the GCE!!

However, we areconstrainedito the:classical
model of production of antiprotens
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(ov)sp 95% Upper limit [cm3/s]

Dark matter bounds from
antiprotom combined analyses
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These analyses can rule out the thermal relic
crosssection for WIMP masses below ~50 GeV
Tension with the GCE!!

However, we areconstrainedito the:classical
model of production of antiprotens
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Antiproton cross sections
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https://arxiv.org/abs/1712.00002
https://arxiv.org/abs/1408.0299

Flux of CR nuclei and amtuclei (data from AM®82)

Potential of anthuclel to

reveal the existence of ;
BSM physics
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Formation-of:antnhuclei

U Simplest coalescence modEklctorised coalesecence
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>" Hard radiation

proton

hadronization

3AT_
Antineutrons and antiprotons are produced uncorrelated FE 4“’ 3*1.
- apiy

~ B, (E_

Coalescence parametean be approximated from the coalescence momenty,

(anti)nucleons with low relative momentum merge to form (anti)nuclei
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Formationcof:antnucler: Coalescence

U Secondary antnucleons are
produced from homologous
Interactions as for p. These
must coalesce in order to form
an antinucleus, which hugely
suppressed their production!

U Simplest coalescence model:
Factorised coalescence

d3N 5 BN\
Ei—2 ~ By | E,—=E
A d j% A ( P ffpg )

0 ¥
’ U
,,,,,,,,,,

AnlA' ¢ « 1A

hadronization

outgoing parton(s)

32



Formation-of:antnuclel

p - dNg/dp

0.00008 |
0.00006
0.00004

0.00002

0.00000

ete” - Z—+d (ALEPH)

Coalescence parameter may depend on
many kinematical parameters, including

the size of the projectile and target

—— analytic model p. = 132 MeV
—— Pythia p. =215 MeV
—— Herwig p. =201 MeV

ALEPH

B; [GeV?]

0.5 1 5 10
p [GeV]

Martin Winkler, MIAPP 2021

pp — He

(ALICE)
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-2
a: HH Aucefie He, T, 7
Pythia p = 243*]Z MeV |

Herwig pc = 195’_’%2 MeV L ’’’’’ o
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Boosting thedark matter:ssignal

7_'H e
®->p
DM DM
Rienay

V [ , production is a very important source of arttelium, even able to
explain the events reported by AMR, although not yet well constrained
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Dark matter production

: q i T
>/\/\,<q = He, d

The window to prove (or disprove) the WIMP paradigm

)5
— 10GeV
AMS AMS —— 20GeV
10-4/ GAPS (TOF) (RICH) COGEV
------------ —— 100GeV
103 — =
X+x—bb—d+ X

_________

—— Pythia 8.2 + LEP f(b > Ap)

\

<ogv>=2-10"2%cm3/s

|

|

P.D.Let al, in preparation
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PPPE M. Cirellitables:

http://www.marcocirelli.net/PPPC4DMID.htm|
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