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Efficient scattering now
(direct detection)
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All evidence for dark matter is gravitational. Perhaps it’s in a hidden sector, composed of
particles with no SM gauge interactions (electromagnetic, weak, strong)



WIMP—-nucleon cross section [cm?]

10-39

10—41 _

Direct DM search as an example
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ELECTRON-NEUTRINO MUON-NEUTRINO

The ELECTRON-
NEUTRINO wears a

bandit’s mask because he

Like its first-gencration

sibling lepton the
clectron-neutrino, the
MUON-NEUTRINO s

extremely difficult to

likes to steal away energy
and is notoriously difficult to
detect. Traveling close to

the speaed of light, he is the detect (henee the bandit’s

most pervasive form of mask). Discovered in 1962,
matter in the universe it is emitted in the decay of
Trillions of neutrinos are a muon. Its mass is about
passing through everything one-third of an clectron
around us, including us, at

every moment. The result of ']”-.‘.[“1/;-/, with /,0/.‘-
radicactive neutron decay, fill for mintmum mass.
Most neutrinos onginate . .
from the sun, Their mass is
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MOS spectrum of the central region of M3 |
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A very incomplete list of proposed dark
matter models

Exciting Dark Matter (inelastic scattering of dark matter)

Sterile neutrino dark matter

Axions and Axion-Like Particles

Non-abelian dark matter solutions for Galactic gamma-ray excess and the 3.5 keV line
Light neutralino dark matter in U(l)' models

Weak-scale thermal dark matter consists of two nearly degenerate states near the weak scale
Magnetic dark matter

Dark matter decay to an axion-like particle

Decaying vector dark matter

SIMPle dark matter with self-interactions

X-ray line from the dark transition electric dipole

Axino dark matter decay

Annihilating and decaying dark matter in VWeinberg model

Decaying moduli with low cutoff scale

Nearly-degenerate WIMP dark matter decays

“21 cm line” of dark atoms



A Suzaku search for dark matter emission lines
in Perseus and Coma
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Non-Detection of X-Ray Emission From Sterile
Neutrinos in Stacked Galaxy Spectra
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Distribution of selected 8| Chandra (blue)
and 89 XMM-Newton (red) galaxies

161 Stellar mass: 2MASS KS-band + K-band M/L ratio of 0.5 |
Halo mass: interpolating the stellar-to-halo-mass relation
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Stacked MOS spectra and best-fit spline model

XMM-Newton MOS
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Stacked Chandra spectra and best-fit spline model
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Stacked XMM-Newton spectra of dSph galaxies

normalized counts s~! keV-!
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Constraints on 3.55 keV line emission from stacked
observations of dwarf spheroidal galaxies
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The simultaneous fitting of GC, Perseus and M3| provides a
~6.70 significant signal at the same position, with the detected

fluxes being consistent with the DM interpretation

Boyarsky et al., arXiv:1408.2503



A consistent (exciting!) dark matter decay picture!

Line flux, 10° photons cm?s
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Questioning a 3.5 keV dark matter emission line
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Questioning a 3.5 keV dark matter emission line
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Constraints from the Galactic Center:

® Galactic center: 1.5 Ms ACIS-| exposure based on ~50 observations;
spectra extracted from a 2’-8’ (~5-19 pc)

Su & Li (2014), in preparation
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normalized counts s-' keV-!

normalized counts s-' keV-!

Galactic Center with a 3.55 keV line
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A Chandra/ACIS monitoring of the M31 bulge

NOAO OPTICAL

Li & Wang 2007

.
» CHANDRA X:RAY

* ~|00 individual observations spanning |3 years, with a (still growing) total
exposure of ~| Ms

* ~0”5 resolution crucial for resolving X-ray binaries (down to a limiting
luminosity of 10734 erg/s)



Constrain the 3.55 keV line from M3 | Chandra data

® The M3I bulge: 330 ks ACIS-I exposure based on ~70 observations;
spectra extracted from a 2’-8’ (~0.5-2 kpc) annulus

Su & Li (2014), in preparation



normalized counts s-' keV-' normalized counts s-' keV-'

0.1

0.01

—0.01 0 0.0110‘3

M3 1| with a 3.55 keV line

= : -
IIIIIIIIIIIIIIIIIIIII

lllllllllllllllllllllll

Energy (keV) Su & Li (2014), in preparation



Constraints from the “Limiting Window™”:

® | Ms ACIS-I exposure based on |3 observations; spectra extracted from a
74’-91° (180-210 pc) sector with a |2-degree azimuthal range

74’ from Sgr A”*

91’ from Sgr A*

Su & Li (2014), in preparation



normalized counts s-' keV-!

normalized counts s keV-!

Constraints from the Limiting Window

5x10-3 a

T o
|

| ' ] )

" + ¢ ' vl 1 3 . | ’

| 4 | ' ‘. | .
o " R
-3 ! ' : !
- x - -! +* —
+
- 4 -
. | L ’ ! -
-
.

-0.01 | I .

l A A A A l' A A A A l A A A A l A A A 1 A A A A l A A A A

3 3.5 4 45 5 5.5
Energy (keV)

Su & Li (2014), in preparation



How to reconcile/interpret the data!?
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Systematics: the central part of the DM density
profile in the Milky Way is uncertain
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Physical models: exciting dark matter

WIMP dark matter X with a nearly degenerate state X*

X*

XX2> XX* %

X X

X* created in collisions with kinetic energy > Am ~ keV to MeV
WIMP-like: TeV masses, correct thermal relic density

But completely different: dark photons to mediate up-scatter,
de-excitation (INTEGRAL 511 keV), 3.5 keV line, ...



Or some missing piece of intracluster
medium astrophysics ...




Flux (ph cm™s'keV™")

What'’s next!?
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The DM signal is distributed over the entire sky, so that it is not straightforward
to look for this signal using narrow- field x-ray telescopes...
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Thank you Chandra!



