Valuable measurements for cosmic ray anti-nuclei
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AMS-02 and possible anti-He events
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Latest anti-helium event in 10

e AMS-02 has observed few events in the mass region from 0 to 10 GeV with
charge Z = —2 and rigidity R < 50 GV. The masses of all events are in the
SHe and *He mass region. As of 2018, 6 events *He and 2 events *He.

e The event rate is 1 anti-helium in ~ 100 million helium.

e Massive MC background simulations are carried out to evaluate significance.
So far 35 billion He events simulated vs 6.8 billion He event triggers for 10 years.
AMS-02 did not find background to the anti-helium events. At this level, the
MC simulations are difficult to validate.



.1) Coalescence measurements and He cosmic rays
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Anti-helium production and the coalescence factor

coalescence = fusion of p & n into d, 3He or 4He
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Anti-helium production and the coalescence factor
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B, (GeV?/c®)

Determination of the coalescence momentum

e ALICE provides an experimental determination of By and Bs.

p production cross-section is measured.
Approximately the same value for py from d, ¢ and *He .
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Determination of the coalescence momentum

e ALICE provides an experimental determination of By and Bs.
p production cross-section is measured.
Approximately the same value for py from d, ¢ and *He .
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Local source term for anti-nuclei production in cosmic-rays
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Secondary anti-helium fluxes

-5

1073

10 E T T T T 17T TT TTT T T T T TTH
‘ | <F MED ]
v LSS 0 F : -
| ! B 5-yrt |
— i i 10_7 = 13-yr-ao 4 =
I | ‘ — - b 7y, T
5 101 1 S S S T o0t b R0 L
— | | = E Tl T 08, H
| 2 = DR 7 1
Nw | i Iu) -9 ) S N H
T = T~ 10 i
- ! ! E -0 I

- 710 :
R [ T S § . I

5 S
Q 10-15 4 =10 " Tertiary —
< © ]
o) ‘ | 1072 5
P AMS 5-years sensitivity ! He 10 —
BN MED-MAX e ‘He ~1 .
10—1971 S o 5 10 - L I |||||O I L1 ||||||1 .
10 10 10 10 10 10 10 10
T/n [GeV /n] T/n [GeV/n]
V. Poulin et al., Phys. Rev. D99 (2019) 023016 M. Korsmeier et al., Phys. Rev. D97 (2018) 103011

e Interactions of high-energy cosmic-ray protons and helium nuclei on the
ISM yield a secondary anti-He flux well below AMS-02 sensitivity.

e The same conclusion holds for DM decays or annihilations although
M. Winkler and T. Linden have proposed a nice counter-example based
on Ay production if pure *He events — Winkler+[2006.16251].

e Very recently, M. Winkler, P. De La Torre Luque and T. Linden have
proposed a scenario where DM is coupled to a dark QCD sector where
dark pions decay into t-quarks — Winkler+[2211.00025]



2) Transparency of the Milky Way to *He nuclei
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Typical timescales for Galactic CR propagation

e From T = (Oine Vor isM) L Tair = AL/ K and Teony = h/Ve, we build the
typical timescale for the disk

1 1

1
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e Energy losses and diffusive reacceleration are respectively associated to the
timescales Tioss = T/]0| and T7pr = T?/ Dgg.
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Typical timescales for Galactic CR propagation

e From T = (Oine Vor isM) L Tair = AL/ K and Teony = h/Ve, we build the
typical timescale for the disk
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First measurement of the absorption of *He nuclei in matter
and impact on their propagation in the galaxy

arXiv:2202.01549 — ALICE Collaboration
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3) *He nuclei and beautiful dark matter

e In general, DM species annihilations do not produce a detectable amount
of antihelium nuclei *He.

e Since DM is at rest, the spectrum peaks at low energy # O(10) GeV /n.
e Recently, a new proposal based on DM coupling to b quarks.
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Counterarguments — Kachelriess+[2105.00799)

e To get the value of f(b — A;) measured at LEP, WL21 have increased the
probability probQQtoQ for diquark formation in hadronization from 0.09 to 0.24,
playing havoc with other processes.

e This implies:

(i) an over production of protons and antiprotons at LEP by a factor of 2,
(ii) an increase in proton yield with respect to kaon and pion yields dN/ dyh
measured by ALICE at LHC.

y|<0.5

e In default Pythia, Br(A,—3He) ~ 3 x 10~6 may already be too large. Default
Pythia overestimates branching ratios for several A, decay channels. Mismod-
eling of diquark formation.
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Let us measure Br(A, — 3He) and see!



4) *He nuclei, truth and cosmic hedgehogs

Production on anti-nuclei with mass A
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4) *He nuclei, truth and cosmic hedgehogs

Production on anti-nuclei with mass A
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Benchmark models for enhanced “He production
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The message from heavy ion collisions
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Takeaway

e Anti-helium-3 and anti-helium-4 candidates may have been identified by AMS-02.
Massive background simulations are carried out to evaluate significance.
No He found but MC simulations are difficult to validate.

e *He events
Unless CR propagation and coalescence are very different from expected,
AMS-02 should not see secondary CR *He.
Interesting possibility from DM annihilating into A, baryons.
The branching ratio Br(A, —3He) is a measurement of great importance.

o ‘He events
There is no hope to detect a single event from CR spallation.
Heavy ion collisions jeopardize Winkler et al. proposal of a dark QCD sector.
If confirmed, a single *He would be a major discovery.

e Observation of *He and “He events would imply a drastic revision of cosmology and
would request a more fundamental theory than the standard model of particle physics.
A few routes have already been explored.

Thanks for your attention



