ECOLE
POLYTECHNIQUE

Generating X-ray lines from annihilating dark matter

Lucien Heurtier

Heidelberg, GDR Terascale, September 2014

hep-ph 1404.1927 : E. Dudas, L. H., Y. Mambrini



Introduction

@ XMN- Newton telescope : Xray spectrum from galaxy clusters
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Claims from two different analysis

o Bulbul et al.
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Introduction

XMN-Newton telescope
Chandra telescope

Bulbul et al. Boyarski et al.
73 clusters (centers only) ~ M31 galaxy (center and outskirts)

Perseus cluster (center only)  Perseus cluster (outskirts only)

Virgo cluster (center only) blank sky
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— ~-ray line at 3.5 keV (>3 o significance)
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Good agreement for the Perseus cluster

Astro-H SXS
Perseus, 1 Msec
KT =65 keV, 0.6 solar
2=00178

v(baryons) = 300 km/s
v(line) = 1300 km/s

1.5x10

Flux :
®Perseus ~ 5.2 % 10_5ph.cm_2.s_1
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Good agreement for the Perseus cluster

Astro-H SXS

. Perseus, 1 Msec

2 KT =65 keV, 0.6 solar
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Good agreement for the Perseus cluster

Astro-H SXS
Perseus, 1 Msec
KT =65 keV, 0.6 solar
2=00178

v(baryons) = 300 km/s
v(line) = 1300 km/s

1.5x10

Flux :
®Perseus ~ 5.2 % 10_5ph.cm_2.s_1

Flux (ph cm s 'keV")
10

3.55 keV Line

5x10-

3 32 34 36 38
Energy (keV)

@ Detected in 4 different detectors
@ Line redshifts correctly with sources

@ Not detected in blank sky dataset
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Jeltema and Profumo :

Bulbul et al.'s reaction :
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Indeed, Jeltema and Profumo @ €(T) = €( Tpeak )N(T)/N(Tpeak)

Overestimation of emissivity :
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Boyarsky et al. (August 2014) :
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Carlson, Jeltema, Profumo : profile of emission not compatible with an
annihilating or decaying scenario
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Known astrophysical interpretation ?

A priori no ... but many dark matter candidates!
o Decaying DM (Sterile neutrino, gravitino, ALP, axinos,...)

o State transitions (EXciting DM, dark atoms, ...)

oL
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Known astrophysical interpretation ?

A priori no ... but many dark matter candidates!
o Decaying DM (Sterile neutrino, gravitino, ALP, axinos,...)

o State transitions (EXciting DM, dark atoms, ...)

oL

< Annihilating dark matter?
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Conventional wisdom :
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Main ingredient : ¢S5 ~ 5.2 x107° ph.cm .57 [Boyarski et al.]
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Main ingredient : ¢S5 ~ 5.2 x107° ph.cm .57 [Boyarski et al.]

To compare with

L

where

2
Rpe Rpe
L= fo : Arr?ndy(ov),, = fo : 47rr2(M) (oV)yy

ms

Simplest profile :

2
[ ~1.2x10% (3'5 kev) ( {ovin ) ph.sL

ms 10~26¢m3s—1
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L th _ iexp
Flux condition : = Oy
where
5 (3.5 keV\? (ov) 9 _
th _ 5 vy 2 -1
~ = 1.7x10 ( e )(1032cm351 ph.cm™.s
= 527379 % 107° ph.em .57

> (oV)yy 2 (2x 1073 -4 x1073%) cm3s™!

+ CMB constraints :

- 2x107383 cmds™t < (ov)y, < 8.5x10733 cm3s!
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2
2 Fu 1

(ov)=(oVv)exp = N€[10-15]GeV ...

WRONG APPROACH : light fields can be involved in the game!



The model

Introduce a mediator ¢

2 2

m
Lef o —% s2- 7%2 -m¢pS%+ %FWF’“’

< mg=35keV, and (my, M, N) free parameters?



The model
An explicit UV model

2
Ezﬁk,-,,+%(02+52) (a +5%)2 - zp(hla+lh2575)¢+ F L

< 1) : hidden sector, SM singlets

With ¢ = —(a +1S)

L= ,Co + £1 ,Where
Eo = Lijn + 20T — >\(¢T¢)2 — (PR +hee.)
I(hl - h2) S 1/}75¢ + = F/,LVF'L“/

—> Look at the symmetries...



The model
An explicit UV model

L=Ly+ L1 ,where
Lo = Liin + p2®1® — A(®10)? — (M dvg +hoc)
Ly=i(h—ho) S st + < Fu P
L invariant under
ULy : =% , &0,
whereas only Ly invariant under
U)a : p—ePBsy | d-e?Po .

— Exact symmetry if hy = ho
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The model
An explicit UV model

L=Ly+ L1 ,where

Lo = Liin + 20T = A(¢Td)2 = (hyih, dpg + hoc.) |
. - o v

£1=I(h1—h2) 5¢751/)+KFM,/FN .

o Tree-level : S is massless, (pseudo)Goldstone boson of U(1)a
symmetry,

2
o pu? >0 = symmetry breaking vacuum : (o) = v and v? = 5

~ A
o mé:2u2 , mz\/;m¢



The model

An explicit UV model

L=Ly+ L1 ,where
Lo = Liin + 12Td — \(TD)? - (hyh g +hoc.)
Lr=i(h~h2) S st + < Fu P

<

Tree-level : S is massless, (pseudo)Goldstone boson of U(1)a
symmetry,

<

p? >0 = symmetry breaking vacuum : (o) = v and v? = “72

mé =2u® , m= \/g my,
h27h2
Loop level : m% ~ O( = )m?5

<

<




The model

An explicit UV model

L=Ly+ L1 ,where

Lo = Liin + 20T = A(¢Td)2 = (hyih, dpg + hoc.) |
. - o v

£1=I(h1—h2) 5¢751/)+KFM,/FN .

<

Tree-level : S is massless, (pseudo)Goldstone boson of U(1)a
symmetry,

<

2
p? >0 = symmetry breaking vacuum : (o) = v and v? = 5

mé:2u2 , n”vz\/gm(ﬁ

2 h3-hiy 2
Loop level : mg ~ O(F3)m,

<

<

‘ Theoretical expectation : i $ my




The model

The model

2

2 m
Lo > —% S?- 7%2 - ¢ S®+ %FWF’“’

o mg = 3.5 keV
<& rﬁ§m¢
o N25-50 TeV




The model

Lefr > -

eff _ 2mZ
Y T owAA

Ms g2 _
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can be big!



The model

o Heavy mediator : mg 2 ms

m m
~(12.3-17.6 ° — GeV
= me = Y 3.5keV\/; ¢

o Light mediator : my < ms

o % ~ (1.63-3.36) x 10713
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| T I T ST ST S N
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Logiq mg [eV]
(Light mediator ) I ( Heavy mediator )

35keV

Light mediator : A 210 GeV = M2 MeV > my ... Excluded
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35 keV

Heavy mediator : [A 2 3TeV, my 2 300keV]



Experimental constraints
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Heavy mediator : [A 2 3TeV, m, 2 300keV]
or [A2 1087 0GeV, M > my] — ... Excluded
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Relic abundance

3.1

Flux : (V) ~ 10733 cm3s™

Relic abundance : (ov),, ~ 1072 cm3s™! needed...

— Hot scenario ?
— FIMP scenario ?
< Alternative channels of annihilation required.

For instance : Sterile neutrino production

M
-L, = ?I/RI/R + mpuivg + A\y@UrUR + h.cC.

Assuming M <« m; :



Relic abundance

Hidden temperature ?

Scalar DM, Sterile neutrinos — a hidden bath at T, =&(t)T,

— New ranges of relic density allowed [Das et al., Feng et al ]

0.015 (ov)o < (ov) < 0.045 (ov)o

@ Tremaine-Gun bound : Hidden temperature cannot be too low

@ Free streaming length : High temperature — high velocities, can
destroy large scale structures..
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Hidden temperature ?

Scalar DM, Sterile neutrinos — a hidden bath at T, =&(t)T,

< New ranges of relic density allowed [Das et al., Feng et al ]
25 T T T

3.56 keV line
A =50 TeV

m/ms
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Hidden temperature ?

Scalar DM, Sterile neutrinos — a hidden bath at T, =&(t)T,

< New ranges of relic density allowed
[.A: 50 TeV (JA=10TeV | A=5 'h\\V]
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Relic abundance

Conclusions and outlooks

@ Annihilating DM hard to handle but still possible to achieve with light
intermediate fields,

@ Prediction of a light scalar particle coupling to photons of mass
mg € [300keV - 50MeV ],

@ Possible to fit relic density constraints with hidden channels such as
sterile neutrinos, other channels can be investigated,

e Hidden thermal baths features give freedom on the relic density to
match with, which should be studied in more evolved dynamical
simulations...
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Thanks'!
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