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Why X-ray lines?

e Sterile neutrinos are a natural
extension of the SM
e DM abundance if keV-scale

DM Overproduction

» Dodelson-Widrow, Shi-Fuller
e Observables?
e Small-scale structure | Shi-kuller

« Radiative decay to X-rays

DM Underproduction
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Outline

® A decade of the 3.5 keV line
® Was there a 3.5 keV line?

® Looking forward to next-gen
DM line searches
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A decade of the 3.5 keV line

: : Pl gt ey XMM - MOS
2014 Discovery in . S Perseus

e Perseus, stacked clusters [Bubult 1402.2301] i O (with core)
e M31 [Boyarsky + 1402.4119)

Bulbul et. al. ApJ (2014)
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2018 Blank-sky observations exclude decaying
DM interpretation [Dessert+ 1812.06976]
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A decade of the 3.5 keV line

2018
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A decade of the 3.5 keV line

2018 Blank-sky observations exclude decaying
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The 3.5 keV line '

Possible origins:
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Possible origins:
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The 3.5 keV line r

Possible origins:
. Stopi] e DM
e Nontrivial DM decay [Conlon+ 1404.7741]

o AStI’OphySiCS [Gu+ 1511.06557
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The 3.5 keV line r

Possible origins:
e Nontrivial DM decay [Conlon+ 1404.7741]
. AStI’OphySiCS [Gu+ 1511.06557]

e Systematic Artifact?
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The 3.9 keV line g

e (Goals:

e (i) reproduce original evidence
for the 3.5 keV line

e (ii) examine robustness of
evidence

e Datasets:
1. XMM /Perseus cluster

AN
N

2. XMM /Perseus cluster, Cored

3. XMM/Stacked clusters

4. XMM/M31 ]
5. Chandra/Perseus £
6.

Chandra/Deep Fields
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Challenges in X-ray line searches

 Model signal line +
continuum -+ lines over a
wide energy range

e Concerns:
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Background Mismodeling
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Background Mismodeling
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Background Mismodeling
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What about a real signal?
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Likelihood Optimization
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Likelihood Optimization
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Bulbul et. al. ApJ (2014)

Perseus Cluster Reanalysis

Perseus, 3.0 keV Window
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Perseus Cluster Reanalysis
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Bulbul et. al. ApJ (2014)

Perseus Analysis Issues?

This approach results in a very large number of pa-
rameters to fit simultaneously, among which are the line
energies and widths that notoriously cause problems for
the statistic minimization algorithms. It was difficult
to make XSPEC find absolute minima; the convergence

of all of the reported fits had to be veriied by manu-
ally varying key parameters and refitting using different
minimization algorithms. Nevertheless, it is not incon-
ceivable that some of our fits did not find an absolute y*
minimuin.

1402.2301



Bulbul et. al. ApJ (2014)

Bright Clusters Reanalysis

Centaurus, 3.0 keV Window ' Centaurus, 1.0 keV Window Centaurus, 0.5 keV Window ]
Null p-value: 0.27 Ax? =130 - Null p-value: 0.033 Ax? =31 [ Null p-value: 0.0032 Ax? = 0.43

- = Null Fit

Counts |Residuals]




Bulbul et. al. ApJ (2014)

Bright Clusters Reanalysis
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L ooking forward to upcoming searches

e No robust evidence for 3.5 keV line Hitomi SXS;: 171 ks

RX J1856.5-3754

e Line could have arisen from
« Unconverged optimization
« Mismodeled backgrounds
« Motivates searches at blank sky

« Simple backgrounds, simple
optimization

CD 2305.17160



L ooking forward to upcoming searches
« XRISM has AE ~ 5 eV — blank sky more important

« Hitomi Perseus cluster: « Hitomi Blank Sky:

Hitoms SXS: 171 ks
RX J1856.5-37H4
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XRISM Early Data Results




Results Summary

FPrior work * This work, original window
% This work, 1.0 keV window * This work, 0.5 keV window

XMM-Newton Perseus
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Chandra Perseus

Chandra Deep Fields

10 1

Discovery test statistic |¢




Intentsi

‘Backu

S _

g e loden g

)

-

- P

(=

;.

o
h %V

| —e—

Energy (keV)

p Slides



Bulbul et. al. ApJ (2014)

Perseus Cluster Reanalysis

Perseus, 3.0 keV Window | : Perseus, 1.0 keV Window | : Perseus, 0.5 keV Window
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Boyarsky et. al. ApJ (2014)

M31 Reanalysis




M31 Reanalysis

== 3.03-4.03 keV
= 3.28-3.78 keV

4
Line Flux [107° cts/cm?/s]




Chandra/Perseus Fits
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Chandra/Perseus Fits

Perseus, Chandra, 1.0 keV Window - Perseus, Chandra, 500 eV Window
Null p-value: 0.57 Ax? =0.94 I ! Null p-value: 0.32 Ay? = 0.87
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Chandra/Perseus Profiles

D
Perseus, Chandra

— 3.31-3.76 keV
- 3.06-4.06 keV \
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XMM/M31 Fits
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XMM/M31 Fits

M31, XMM-Newton, 1.0 keV Window M31, XMM-Newton, 0.5 keV Window
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XMM/M31 Profiles
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Bulbul et. al. ApJ (2014)

Bright Clusters Reanalysis
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Bright Clusters Reanalysis
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Chandra/Deep Field Fits
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Chandra/Deep Field Fits




Chandra/Deep Field Fits
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Chandra/Deep Field Fits
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Chandra/Deep Field Profiles
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XMM/Cored Perseus Fits
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XMM/Cored Perseus Profiles
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What about a real signal?
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What about a real signal?
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