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AMS-02 positron spectrum

250 :— AMS (2016) l —: 25
— B 16,500,000 {4 |
E = - # ﬁ}ﬁ} } [ | E
a5 : e 1 i 19
= T 150 — f i{ﬁ |15 @
£S  | g 1 6
&3 I % miﬁfﬁﬁ*m*ﬂ ik HH |1 1 5
Sl e e @
- } §L 1
- : i
- *3 _
50— '’ —°
HE e* energy [GeV] a
_'I I.I |.| | I || | ] L1 1 1 || | | ] L1 1 II_
1 10 10° 10°

Slide taken from AMS-02 presentation



Best fit cross-section and mass and
constraints

107% - —
- - 1g _i’lf. E
— 20 Dwarf ]
LA i
| Diffuse X |
E“- & .I‘.'..:_:.: -
ME au e cMB
&
W
1072 .
1D—25 M L L M . L L os L L ' L L . L
102 1[}3 1{}4
my (GeV)

Caveats for CMB bounds: Assuming s-wave (velocity independent) cross-
section and standard evolution of relic abundance ~ (1+z)*(-3)

Buch, Ralegankar, VR hep-ph/1609.04821



CMB annihilation constraints
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Summarizing the Problem

Mass of DM to explain positron excess ~ 1 TeV

Cross-section needed to explain the positron excess
(ov) ~ 3 x 1072 cm? s~

- Ruled out by CMB bounds

- Relic abundance too small — trying to solve this

problem with Sommerfeld enhancement makes
the CMB bound problem even worse



How do we reconcile an
annihilating dark matter
interpretation of the AMS-02
positron excess with the CMB
constraints?



LD2DM scenario
(Late decaying 2 component dark

matter)



Basic particles
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Basic particles

X1 X2 o(x1x1 — Or@r)v =3 x 1072° cm? s71

o(x2x2 — 4p)v = 3 X 1023 cm? s

Mass

I'(x1 — x2 + ¢-)~ ' > 380,000 years

Dr



Timeline in the LD2DM scenario
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Timeline in the LD2DM scenario
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Timeline in the LD2DM scenario

Time Dominant dark Relevant process
matter species

Today XQ X2X2 . 4#

X1, X2 X1 — X2 + @r

Recombination
(CMB)

Xl X1X1 — ¢fr§br
XoX2 — 4p




Constraints on LD2DM scenario

* From CMB constraints on late
time annihilations

* From structure formation



Late time annihilation constraint
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Late time annihilation constraint

(based on codes by Slatyer,1211.0283)
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Small scale structure constraint

X2
yd Am

X1 U =— —C,
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Or v < 20 km s~ 1

Wang, Croft, Peter, Zentner, Purcell astro-ph/1309.7354
Peter, Benson astro-ph/1009.1912

— Am < 0.1 GeV



Cosmological implications

Small scales

* Missing satellite problem
* Too big to fail problem

* Core cusp problem

Large scales
e Hubble tension
e Effective number of neutrinos

* Oy tension



Potential future observations

 AMS-02 precision data + anisotropy
measurements

e X1 —7 X2 TV

* 21 cm cosmology and epoch of reionization



Summary and Conclusions

* Era of AMS-02 precision data could finally
resolve the positron anomaly — dark matter or

astrophysics?
 LD2DM provides a viable scenario to reconcile

annihilating DM with CMB bounds and also
explains the relic density

e Several potential cosmological and
astrophysical implications!



QUESTIONS, COMMENTS, SUGGESTIONS?




Basic particles
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