AN UNIDENTIFIED X-RAY LINE IN ANDROMEDA,
PERSEUS AND THE GALACTIC CENTER

Jeroen Franse

Instituut Lorentz & Leiden Observatory

Amsterdam, September 30, 2014

JEROEN FRANSE INSTITUUT LORENTZ & LEIDEN OBSERVATORY AMSTERDAM, SEPTEMBER 30, 2014



INTRODUCTION & MOTIVATION

DETECTION OF AN UNIDENTIFIED LINE

INSTTUUT
LORENTZ

An unidentified line in X-ray spectra of the Andromeda galaxy and Perseus galaxy cluster

A Boyarsky!, O. Ruchayskiy?, D. Takubovskyi®* and J. Franse!®
Mnstituut-Lorentz for Theoretical Physics, Universiteit Leiden, Niels Bohrweg 2, Leiden, The Netherlands
2Ecole Polytechnique Fédérale de Lausanne, FSB/ITP/LPPC. BSP. CH-1015, Lausanne. Switzerland
3Bogolyuhov Institute of Theoretical Physics, Metrologichna Str. 14-b, 03680, Kyiv, Ukraine
“National University “Kyiv-Mohyla Academy”, Skovorody Str. 2, 04070, Kyiv, Ukraine
5Leiden Observatory, Leiden University, Niels Bohrweg 2. Leiden, The Netherlands

DETECTION OF AN UNIDENTIFIED EMISSION LINE IN THE STACKED X-RAY SPECTRUM OF GALAXY
CLUSTERS

Esra Bursur'?, Maxiv MarkeviTcH?, Apam FosTer!, RanpaLr K. SMith! MicHAEL LOEWENSTEIN, AND
Scort W. RanpaLL!
1 Harvard- Sm]thsonlan Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138.
2 NASA Goddard Space Flight Center, Greenbelt, MD USA.
Submitted to ApJ, 2014 February 10

Checking the dark matter origin of 3.53 keV line with the Milky Way center

A. Boyarsky®, T. Franse!2, D. Takubovskyi®, and O. Ruchayskiy*




INTRODUCTION & MOTIVATION DARK MATTER

WIMPS vS SUPERWIMPS

-
WIMPS

m Interaction strength at
weak scale

m Correct Qpy for masses
Gev - TeV

m Would have short
lifetime

m Made stable with new
physics

-
SUPERWIMPS

m Interaction strength
weaker-than-weak

m Correct Qpy for masses
of order keV

m Lifetime longer than
age of universe

= Allowed to be decaying
DM
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INTRODUCTION & MOTIVATION DARK MATTER

WIMPS vS SUPERWIMPS

4 N N
WIMPS SUPERWIMPS
m Interaction strength at m Interaction strength
weak scale weaker-than-weak
m Correct Qpy for masses m Correct Qpy for masses
Gev - TeV of order keV
m Would have short = Lifetime longer than
lifetime age of universe
m Made stable with new = Allowed to be decaying
physics DM
g J\ J
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INTRODUCTION & MOTIVATION DARK MATTER

SUPERWIMPS IN X-RAYS

Decaying dark matter should decay into X-rays

Interaction strength gin®(20)

Tremaine-Gunn / Lyman-o

2 5 10
Dark matter mass My, [keV]
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INTRODUCTION & MOTIVATION =~ X-RAYS

POTENTIAL TARGET SOURCES

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

signal < DM mass in FoV / distance?
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INTRODUCTION TOTIVATION X-RAYS
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M31 caLaxy XMM-Newton, center & outskirts

OUR DATA

PERSEUS CLUSTER XMM-Newton, outskirts only
GALACTIC CENTER XMM-Newton, inner ~ 50pc
BLANK SKY XMM-Newton

~

. S
4 )
BULBUL ET AL. 2014

73 cLusTERS XMM-Newton, centers only
Up to z=0.35, including Coma, Perseus
PERSEUS CLUSTER Chandra, center only
VIRGO cLUSTER Chandra, center only
\ y,
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DETECTION

DETECTION AT E ~ 3.5 KEV
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Andromeda (M31)
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DETECTION

DETECTION AT E ~ 3.5 KEV
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SIGNIFICANCES

N
OUR DATA
PERSEUS + M31 4.4c
GALACTIC CENTER 5.70
BLAaNK SKY No detection
N\ J
N

BULBUL ET AL. 2014
FULL MOS ~ 50
FULL PN ~4co
PERSEUS ACIS-S 3.40
PERSEUS ACIS-I 2.50
VIRGO ACIS-I No detection

JEROEN FRANSE  INSTITUUT LORENTZ & LEIDE S DAM, SEPTEMBER 30, 2014



--- Medium filter
— Thick filter

)
£
i
B
&
o
>
=]
3
=
m

1
Energy [keV]

XMM-Newton’s effective area curve




LINE ORIGIN

INSTRUMENTAL ORIGIN?

e R
Instrumental origin unlikely

m Detected in 4 different detectors
= Line redshifts correctly with sources
= Not detected in blank sky dataset
. y,

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

ATOMIC LINE? b 2%35
Unlikely: can not explain consistently all observations
é . 003 I - T - ] )
7> 0025 Line-free APEC + Gaussians ]
= 002 Ca XIX _
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g 001 K XVl Ar XVl Ar XVIT]
goms !A_ n —
0O s a6 38 1
L Energy (keV) Bulbul etal. 2014
4 )

M31 line is stronger than other atomic emission
GC K XVIII origin can not be excluded

CLUSTERS need anomalous line ratios of a factor ~ 20— 30
. J
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LINE ORIGIN
X &

JELTEMA & PROFUMO arXiv:1408.1699

r )
CLAIMS
m There is no evidence for a 3.5 keV line in M31
. J
r N
,é 0.0 Fit of only 3 - 4 keV
% overestimates the
Lo continuum
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LINE ORIGIN

JELTEMA & PROFUMO arXiv:1408.1699

e R
CLAIMS

. T . i ‘ 3.5 ke lineinM3]
m 3.5 keV line in the GC can be explained by K and Cl

m The line in clusters can be explained by K and Cl lines
. V.

4 )

Jeltema & Profumo used incorrect emmissivities, see Bulbul
et al. 2014b, (arXiv:1409.4143):
m Clusters can not be explained by K, CI.

m GC on its own could still be explained by K, but likely
the available physically feasible scenarios are fewer
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LINE ORIGIN

JELTEMA & PROFUMO arXiv:1408.1699
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. V.
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DARK MATTER DECAY?
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The line flux should be directly proportional to DM mass
e )

M31 surface brightness profile Perseus cluster surface brigtness profile
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COUNTERCLAIMS 3

e N R
D. Malyshev, A. Neronov, M.E. Anderson, E. Churazov,
and D. Eckert: J.N. Bregman:

Constraints on 3.55 keV line Non-Detection of X-Ray
emission from stacked Emission From Sterile
observations of dwarf Neutrinos in Stacked Galaxy
spheroidal galaxies Spectra

[arXiv:1408.3531] [arXiv:1408.4115]

“DM origin marginally “DM origin excluded by
excluded” up to 11¢6”

. VAN y,
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COUNTERCLAIMS

e N )
D. Malyshev, A. Neronov, M.E. Anderson, E. Churazov,
and D. Eckert: J.N. Bregman:

Constraints on 3.55 keV line Non-Detection of X-Ray
emission from stacked Emission From Sterile
observations of dwarf Neutrinos in Stacked Galaxy
spheroidal galaxies Spectra

[arXiv:1408.3531] [arXiv:1408.4115]

“DM origin marginally “DM origin excluded by
excluded” up to 11¢6”

. 7 \_ y,

[ Errors are underestimated? ]
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NEXT STEPS

WHAT 1S NEXT?

LN Bt
L5

/

.

CURRENT WORK

m Expected decay signals from cosmological simulations
(with Mark Lovell++)

Proposals for new observations (Draco dSph)
Cross-correlation of X-ray with dark matter maps
Robust dark matter masses

More archival data

~

\.

FUTURE WORK

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

= measure velocity dispersion
m distinguish from K and Ar lines
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SUMMARY | {
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= the signal is still consistent with dark matter

= there is no satisfying ‘normal’ explanation
consistent with all measurements




JELTEMA & PROFUMO M31

Fitting the powerlaw only to 3-4 keV

zed count rate

[cte/sec/keV]

Normali

Data - model
[ete/sec/keV]
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PROFILES
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M31 surface brightness profile
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PROFILES

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