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Indirect Detection: charged CRs

and from DM annihilations in halo




Indirect Detection: photons
~ from DM annihilations (e.g. in the GC)

Galactic Bulge Norma Arm -
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All Indirect Detection constraints
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Sub-GeV DM
& ‘MeV (scalar) DM’

In conclusion, scalar Dark Matter particles can be significantly lighter than
a few GeV’s (thus evading the generalisation of the Lee-Weinberg limit for

weakly-interacting neutral fermions) if they are coupled to a new (light) gauge
boson or to new heavy fermions F' (through non chiral couplings










Sub-GeV DM
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M?  TeV?
a.k.a. hidden sector DM 053
~secluded DM (O,V) R —
m

if g, is small,
m ‘naturally’ small

(but nothing points to a precise value)

Production mechanism:

just thermal freeze-out
of these annihilations
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Indirect Detection: charged CRs

and from DM annihilations in halo

Galactic Bulge Norma Arm
Scutum Arm .*

N\

N\

Perseus Arm

Sagittarius Arm °* Local Arm

~ Voyager|

Problem: /)
sub-GeV charged CRs do not p netra,te the hehosphere
experiments cannot collect... with one exception!







Sub-GeV DM produces sub-GeV y-rays
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Sub-GeV DM produces sub-GeV y-rays
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How to do better?
ICS & X-rays!




Constraints on sub—GeV annihilating Dark Matter
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terms

1

iverse full of Hel

1uim



N astro je ne saws pas quot: a baryo: citne SM:

- BBN computes the abundance of He in terms
of primordial baryons:
too much baryons => Universe full of Helium

- Blaek Holes
- browwn dwarves

- CMB says baryons are 4% max

strong
lensing

A loophole: Primordial Black Holes!

- produced before BBN
- with masses too small/large to lens
- perhaps LIGO-VIRGO have seen them?
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window still open?
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Constraints on Primordial Black Holes

DM could consist of PBHSs
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Constraints on Primordial Black Holes
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Sterile neutrino decay

m, = (.1 KeV

T ~ 10" sec
sin® 20 ~ few 10!
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Sterile mixing angle 6
>

Thermal DM gives
too much free—streaming

Sterile neutrino mass M in keV
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Theoretically motivated:

one can add tothe SM & = £ — 6 85 G% G

g -

which induces d,~ 0 e m>/my ~ 107'° 9 ecm
but experimentally |d,| <3 1072° ecm
sowhyis |9] < 107! 2

Perhaps because @ is dynamical (a field)

and driven to (almost) zero by its potential
(symmetrical under U(1)pq ).

1010 GeV

In this case m, 6~ 0.6 meV

a
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The physics of Dark Matter is
in an experiment driven phase

Theory can (does) point to preferred directions,
but actually too many...

Thermal DM?
Sub-GeV DM?
PBH DM?

KeV DM?
Ultralight DM ?



The physics of Dark Matter is
in an experiment driven phase

Theory can (does) point to preferred directions,
but actually too many...

Thermal DM? still motivated, frontier Ls heavy DM
Sub-GeV DM ? why wot? Challenging detection
PBH DM? old toea with new vibes
KeV DM? phenomenological

Ultralight DM®? old iLdea with new vibes
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SM weak scale SI interactions

otill viable under
which conditions?

DM
tree lgvel,

VECeor .
- real particle
(Majorana, fermion, real scalar)
- hypercharge =
trag lgel, yP g =0
sgaiar - 5D interactions only

- inelastic scattering
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Frontier 3:

heavy (PeV) DM

- ‘Pure WIMP’ models foresee multi-TeV DM

- Heavy DM => weak force as a long-range force

Sommerfeld enhancement

Bound state formation enhancement
=> heav(ier) DM

- Unitarity bound (~300 TeV) can be overcome
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~ 95  Just coincidence? Or: signal of a link?

Possibly a common production mechanism:

Baryogenesis: ‘Darko’genesis:

ng — N 10 npM — py 2
. N~

B

A variety of specific models/ideas:

transferring or co-genesis

DM stores the anti-B number

via leptogenesis .
connection to neutrino masses
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Consider a particle x: NI e
- subject to xx — ... no = 1.02 1071
- ‘heavy’ (e.8. = GeV)
- ‘stable’
- in an expanding Universe
- Asymmetric abundance

- large annihilation cross sec
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The relic abundance is determined by 79 and mx.
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Electron+positron measurements by Voyager I
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Electron+positron measurements by Voyager I
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Annihilation channels
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Annihilation channels
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Annihilation channels
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‘Prompt’ emission: DM DM —> p* 1™, mpy = 150 MeV IbI<15°, |<30° -

ov =310 cm3/s, NFW

Final State Radiation (FSR)
Radiative y decay

INTEGRAL I 1||
I ! I I I I |

Secondary emission:

|CS: inevitably associated R
to annihil to charged states T ': -

E? Flux [MeV/cm?/s]

Photon Energy E [MeV]



Annihilation channels
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Sterile neutrino decay

m, = (.1 KeV

T ~ 10" sec
sin® 20 ~ few 10!

Possible challenges:
- EU production?
- Perseus flux too large?
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oterile neutrino decay

m, = (.1 KeV

T ~ 10" sec
sin® 20 ~ few 10!

Possible challenges:
- EU production?
- Perseus flux too large?

Caveat:
Riemer-Sgrensen, 1405.7943
- no line seen with Chandra in the Galactic Center (but conclusion depends on how one models the local background)

- no line seen in dSphs (but results are not conclusive) Malyshev et al., 1408.3531
- 1o line seen in other galaxies (but errors might be underestimated? says Boyarskis growp) ~ Anderson et al., 1408.4115

- no line seen in other clusters (but seen in Perseus with Suzaku! maybe it's proper of Perseus?)

: : ; Urban, Strigari et al., 1411.0050
- morphology incompatible with DM Carlson, Profumo?, 1411.1758 :

- but seen in Milky Way halo with NuStar, and Chandra! Perhaps reconciled
if it is excited DM?

Neronov, Malyshev, 1607.07388 (¢ g Frey, 1410.7766
Cappelluti+ 1701.07932



oterile neutrino decay

m, = (.1 KeV

T ~ 10" sec
sin® 20 ~ few 10!

Possible challenges:

- EU production?
- Perseus flux too large?

Caveat 2:

- Jeltema & Profumo, 1408.1699: it’s just Potassium/Clorine lines

= Bulbul et al. 1409.4143, Boyarsky at al. 1409.4588: bulls#!t

- Jeltema & Profumo, 1411.1759: insist...



oterile neutrino decay

m, = (.1 KeV

T ~ 10" sec
sin® 20 ~ few 10!

Possible challenges:
- EU production?
- Perseus flux too large?

Caveat 2:

- 5 . X g POTASSIUM FLARE
- : it’s just Potassium/Clorine lines TASSION FRATES

ROBERT F. WING, MANUEL PEIMBERT, AND
HYRON SPINRAD

A% A bulls # |t Berkeley Astronomy Department

University of California
Received April 14, 1967

% o The appearance of intense emission lines of neutral potassium at A\ 7665,
e : lnSISt M 7699 on coudé spectrograms of three stars obtained at the Haute-Provence Ob-
servatory has prompted us to conduct a survey of 162 bright stars for emission
at X\ 7699, using a photoelectric scanner. No definite potassium flares were ob-
served. We discuss the advantages of using a scanner for such a survey and for

measuring potassium absorption in late-type dwarfs.
An artificial origin of the emission lines is suggested by the fact that the in-

frared resonance lines of K 1 are by far the strongest features in the spectra of
matches. Experiments at the Lick and Haute-Provence coudé spectrographs
have shown that if a match is struck at certain positions in the coudé room
during the exposure of an infrared spectrogram, the resulting potassium emis-
sion lines can appear very similar to those previously observed.

Introduction




Sterile neutrino decay

m, = (.1 KeV

T ~ 10" sec
sin® 20 ~ few 10!

Possible challenges:
- EU production?
- Perseus flux too large?
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100-300 pe Fornax Core

Tremaine-Gunn Bound

10°"* 10°" 10°"% 10" 107" 10* 10°® 107" 10°®

sin® 26

Boyarsky, Ruchayskiy et al.,
1402.4119

Bulbul et al., 1402.2301

ISPORICETOT wineolrp RTV,(30)

Other possibilities:

axion (1402.7335), axino (1403.1536, 1403.1782, 1403.6621), modulus (1403.1733), ALP (1403.2370),
gravitino (1403.6503), excited DM (1404.4795), the good the bad and the unlikely (1403.1570),
sgoldstino (1404.1339), magnetic DM (1404.5446), majoron (1404.1400), annihilating effective DM
(1404.1927), 7KeV scalar DM (1404.2220)...



A matter of perspective: plausible mass ranges

thermal

Ultra—light scalars, axion v, particles

Planck scale

Primordial
black hole Solar mass

‘only’ 90 orders of magnitude!



