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Indirect detection of dark matter

« Search for excess of Standard Model particles over the
expected astrophysical background

YooV et D

Credit: Carsten Rott

« Spectral features help --- astrophysical Flux
backgrounds are relatively smooth --- nuclear
and atomic lines problematic

« Targets: Sun, Milky Way (Center & Halo), Dwarf galaxy,
Galaxy clusters



Signal and background in indirect
detection



Signals: continuum, box, lines, etc.

Bringmann & Weniger (2012)
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Backgrounds: astrophysical, instrumental

Due to the faint signal strength, astrophysical
backgrounds can easily mimic the dark matter
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signal Instrumental features can mimic signal
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Ongoing controversy about the origin of the 3.5 keV line: dark matter or
astrophysical
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Confusion between sighal and background

 Confusion between signal and background is
prevalent in dark matter indirect detection

» Kinematic signatures are frequently used to
distinguish between signal and background

« Is there a more distinct signature that we can
identify?

 Yes, use high energy resolution instruments to see
the dark matter signal in motion
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Can we find a new "smoking gun”
signature of dark matter?
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Dark matter velocity spectroscopy

arXiv 15607.04744 Phys. Rev. Lett. 116 (2016) 031301 (Editors’ Suggestion)
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Dark matter velocity spectroscopy

. +1 Galactic Longitude  —I{

Dark matter halo =0 .
has little angular = ~ _Gj &
momentum S =< Z

O e~
Bett, Eke, etal., "The angular momentum of cold g Detector ....... 0
dark matter haloes with and without baryons”;
Kimm etal., "The angular momentum of baryons /) &
and dark matter revisited" o ~y =
—] ~ o~ 2
an | M
° Sun moves a-‘- Speckhard etal., 1507.04744 0
~220 km/s
Dark Gas
() = 0
o Matter , Gas
« Distinct . e
longitudinal
dependence of
SIgﬂCl' TLos —
Uy — U
» Doppler effect o
Uros = (Uy — Uo) -

Ranjan Laha



Order of magnitude estimates

ULOS = (<U;<> — Up) PLOS
(U ) is negligible in our approximation

Ve ~ 220kms™!

For v 05 < ¢, 6Evw/E = —vLos/c

dEMw (1, b)/E = +(ve/c) (sinl) (cosb)

sign(d Enw ) o< sinl, forle|[—m, 7
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Example with dark matter decay

7= Line of sight
Differential dl E F dN E
intensity (wj ) = ( ) dS pX (T[Sv ¢])
dE 47 T%X dE ¢
‘—'—’ Dark matter profile
I' = Dark matter decay rate  .nk matter mass Energy spectrum
dN (FE)/dE is independent of dark matter profile
[ modified energy spectrum e Gaussian
dN(E dN (E'
( 7T[87¢]) :/dE/ (, )G(E_E/,O-E/)
dE dE total mass inside a radius r'
op = (F/c) 0y os G (B M, @(T/)
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g 1

dN(E—(SEMw,?“[S,TP]) dN(E) 1 /dspx(’l“[S,X])

iE " Rapo /ds Py (]38, X]) o replaces dE  Ro po
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Instruments with~ 0(0.1)% energy resolution

Hitomi/ Astro-H XQC Sounding Rocket

experiment
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Past E  35keV 23 eV FWHM at 3.3
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Application to 3.5 keV line
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3.5 keV controversy

Riemer-Sorensen 2014 Milky Way via Chandra X

Jeltema and Profumo 2014 Milky Way via XMM-Newton X (ﬁo?‘rezsglef by Bulbul etal., 2014 and Boyarsky
Boyarsky etal. 2014 Milky Way via XMM-Newton v o )

Anderson etal., 2014 Local group galaxies via Chandra and XMM-Newton X

Malyshev etal., 2014 satellite dwarf galaxies via XMM-Newton X

Tamura etal., 2014 Perseus via Suzaku X

Urban etal., 2014 Perseus via Suzaku v/

Urabn etal., 2014 Coma, Virgo, and Ophiuchus via Suzaku X

Carlson etal., 2014 morphological studies X

Philips etal., 2015 super-solar abundance X Hofman etal., 2016 33 clusters X
Takubovskyi etal., 2015 individual clusters v/ HITOMI 2016 Perseus cluster X
Jeltema and Profumo 2015 Draco dwarf X Shah etal., 2016 Laboratory X

Bulbul etal., 2015 Draco dwarf v Conlon etal., 2016 Perseus v

Franse etal., 2016 Perseus cluster v

Bulbul etal., 2016 stacked cluster v

Ranjan Laha Slide idea: Shunsaku Horiuchi and Kenny C Y Ng



Solutions to the 3.5 keV line controversy?

 Micro-X
Wide field of view
Rocket

~10-3 energy resolution near 3.5 keV

Figueroa-Feliciano etal. 2015

« SXS - Hitomi (Astro-H)

Narrow field of view

Satellite

~10-3 energy resolution at ~3.5 keV
Lost due to technical failure 'S

Ranjan Laha Slide idea: Kenny CY Ng



Lookmg at clus’rers

Bulbul e‘ral 1402 2301 Astro-H SXS

? Perseus, 1 Msec
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Dark matter line broader than plasma emission line

Plasma emission lines are broadened by the turbulence in the X-
ray emitting gas

Ranjan Laha



e % - 1808.65 keV line
= %, |
g " Measurement by INTEGRAL/ SPI
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Shift and broadening of spectrum

E() = 3.5keV

2 Ms 1800 cm?2 arcmin?
observation 5o
detection

Broadening of line due to — 1500

finite velocity dispersion

Shift of the centroid of
line due to Doppler
effect

Shift of the center of
dark matter line is
opposite to that of the
shift of the center of
baryonic line

g 1
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Dark matter and baryonic emission line
separation

Shift in centroid of dark 300
matter and baryonic line

G1: distribution of free 200
electrons

G2: hot gas distribution of 100

MW

G3: observed distributions of
26 Al gamma-rays
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Micro-X observations
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Field of view: 20° radius

Very promising reach
Time of observation: 300 sec

Multiple observations in multiple flights
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Velocity spectroscopy using Micro-X

— Line Centroid
1.0j |t t Micro-X T R
t ¢ Analytic
0.5 Il
C\é ’
« 0.0}
£X ’ .....
—0.5 '
—1.0¢t
100 50 0 —50 ~100

Galactic longitude ()

A wide field of view instrument like
Micro-X can also perform
dark matter velocity spectroscopy

Powell, Laha, etal., in prep.




Take-away for dark matter velocity
spectroscopy

Dark matter velocity spectroscopy is a promising tool to
distinguish signal and background in dark matter indirect
detection

We see dark matter in motion
Immediate application to the 3.5 keV line

Future improvements in the energy resolution of
telescopes at various energies will result in this technique
being widely adopted

enjon Labe Questions and comments: rlaha@stanford.edu



