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INTRODUCTION & MOTIVATION DARK MATTER

DARK MATTER

Dark Matter

Dark Energy
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INTRODUCTION & MOTIVATION DARK MATTER

ARK MATTER
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INTRODUCTION & MOT! ON  DARK MATTER

STANDARD MODEL OF PARTICLE PHYSICS

STTUUT
RENTZ

There are no Dark Matter candidates in the Standard Model.
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WHAT ABOUT NEUTRINO’S?

They would not produce the large scale structure that
we observe in the Universe

Fortunately, the Standard Model is nhot complete
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INTRODUCTION & MOTIVATION DARK MATTER

CANDIDATE: WIMP

Weakly Interacting Massive Particle

Interaction strength
as Weak force

Produced at
correct Qpp for
GeV - TeV masses
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INTRODUCTION & MOTIVATION DARK MATTER

CANDIDATE: WIMP

Weakly Interacting Massive Particle

Interaction strength
as Weak force

Produced at
Short lifetime — correct Qpp for
GeV - TeV masses

!

Cold DM

JEROEN FRANSE INSTITUUT LORENTZ, LEIDEN OBSERVATORY SUSY 2014 - 21 JULY 2014, MANCHESTER



INTRODUCTION & MOTIVATION DARK MATTER

CANDIDATE: WIMP R

Weakly Interacting Massive Particle

Interaction strength
as Weak force

Produced at

Short lifetime — correct Qpy, for
l GeV - TeV masses
To be DM, must 1
be made stable Cold DM

with new physics
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INTRODUCTION & MOTIVATION DARK MATTER

CANDIDATE: SUPERWIMP

Super-Weakly Interacting Massive Particle

Lower interac-
tion strength

Lower mass for
correct Qpm
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INTRODUCTION & MOTIVATION DARK MATTER

CANDIDATE: SUPERWIMP

Super-Weakly Interacting Massive Particle

Lower interac-
tion strength

Lower mass for

e
Longer lifetime — correct Qpwm

Warmer DM
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INTRODUCTION & MOTIVATION DARK MATTER

CANDIDATE: SUPERWIMP

Super-Weakly Interacting Massive Particle

Lower interac-
tion strength

Lower mass for

e
Longer lifetime — correct Qpum

!

Can be DM if
lifetime > lifetime Warmer DM
of the universe

I

Is allowed to decay
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INTRODUCTION & MOTIVATION DARK MATTER

SUPERWIMPS IN X-RAYS

Decaying dark matter should decay into X-rays
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INTRODUCTION & MOTIVATION X-RAYS

POTENTIAL TARGET SOURCES

Dark matter dominated objects. Specifically, sources with
high expected decay signal strength

signal «« DM mass in FoV / distance?
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INTRODUCTION & MOTIVATION X-RAYS

parabolic hyperbolic
mirrors mirrors

light ray

mirror surface
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INTRODUCTION & MOTIVATION X-RAYS

INSTRUMENTAL BACKGROUND
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kXI\/II\/I—Newton’s “dark exposure' spectrum.
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OUR DATA
M31 cALAXY XMM-Newton, center & outskirts
PERSEUS CLUSTER XMM-Newton, outskirts only
BLANK SKY XMM-Newton
NG

[
BULBUL ET AL. 2014

73 CLUSTERS XMM-Newton, centers only
Up to z=0.4, including Coma, Perseus

PERSEUS CLUSTER Chandra, center only
VIRGO CLUSTER Chandra, center only
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DETECTION

DETECTION AT E ~ 3.5 KEV

Andromeda (M31)
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D\

DETECTION AT E ~ 3.5 KEV

Andromeda (M31) zoom-in of 3 — 4 keV
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SIGNIFICANCES

4 )
OUR DATA
PERSEUS + M31 4.40
BLANK SKY NoO detection
. WV,
N
BULBUL ET AL. 2014
FULL MOS ~ 50
FULL PN ~ 40
PERSEUS ACIS-S 3.40
PERSEUS ACIS-I 2.50
VIRGO ACIS-I No detection
. Wy,
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DETECTION
3 N
N

DETECTION AT E ~ 3.5 KEV

Bulbul et al. 2014 XMM full sample, MOS & PN cameras
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INSTRUMENTAL ORIGIN? '

r R
Instrumental origin unlikely

m Detected in 4 different detectors
m Line redshifts correctly with sources
m Not detected in blank sky dataset
o J

4 )
More tests in future work
m More single objects at different redshifts
m Pure powerlaw objects (Supernova remnants, AGN)

JEROEN FRANSE INSTITUUT LORENTZ, LEIDEN OBSERVATORY SUSY 2014 - 21 JULY 2014, MANCHESTER



LINE ORIGIN

ATOMIC LINE?

INSTTUUT
LORENTZ
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Unlikely: need anomalous line ratios of a factor ~20—30
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DARK MATTER DECAY?

The line flux should be directly proportional to DM mass
4 )

M31 surface brightness profile Perseus cluster surface brigtness profile
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Boyarsky et al.
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WHAT 1S NEXT?

r N
CURRENT WORK

m Accurate and precise dark matter masses and profiles
m More archival data (GC, Abell 520, ...)

m Cross-correlation of X-ray with dark matter maps

m Expected decay signal from cosmological simulations
g W,

N
FUTURE WORK

m Spectrally resolve the line with Astro-H (2015)

m measure velocity dispersion
m distinguish from K and Ar lines

JEROEN FRANSE INSTITUUT LORENTZ, LEIDEN OBSERVATORY SUSY 2014 - 21 JULY 2014, MANCHESTER



PROFILES

M31 surface brightness profile
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PROFILES

Perseus cluster surface brigtness profile
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Dark matter mass My, [keV]
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