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A dark matter signature ?

" The existence of dark matter in the Universe is known
for a long time. Its origin and properties are however

still mysterious .
»" We are maybe living the golden age of dark matter
physics, due to the triple interpretation

of the DM-DM ‘ SM-SM interactions :
- DM annihilation into SM particles DM+DM - SM+SM :

relic density (WMAP) and indirect DM detection
-DM scattering on nuclei DM+ N = DM+ N

direct detection
- DM production in colliders (LHC) SM + SM - DM + DM
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Of particular interest are the annihilations into photons

DM + DM - photon + X (anything)

In this case the photon is monochromatic (M _7Z=M X here)

My
E. = Mpy |1 (2ﬂ [M)Q




Fermi two-year all-sky map
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Reg4 (ULTRACLEAN), E, =129.8 GeV

Signal counts: 46.1 (4.360) 80.5 - 210.1 GeV
p-value=0.37, x.2, =23.6/22
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Observation of a line : Galactic Center

| two-year all-sk

Signal counts: 46.1 (4.360) 80.5 - 210.1 GeV -
p-value=0.37, x.2, =23.6/22
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Observation of a line : Galactic Center

Reg4 (ULTRACLEAN), E, =129.8 GeV
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Reg4 (ULTRACLEAN), E, =129.8 GeV
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Other parts of the sky?
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Other parts of the sky?
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Other parts of the sky?

earkth Limb : no

Clusters of Galaxies

Hektor, Raidal, Tempel 12074466
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Other parts of the sky?
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One Line or 2 Lines?

o




One Line or 2 Lines?

Convolving with line spread function
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Convolving with line spread functio
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Greneric tssues wikh modei.iv\g
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Grenerie tssues wikh modei.ihg
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o Being able to realize <ov>y ™ 10 om’s'and skill respecting WMAT
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Grenerie tssues wikh modei.ihg

o Being able to realize <ov>y ™ 10 em’ s and still respecting WMAT
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o Being able to realize <ov>y ™ 10 em’ s and still respecting WMAT
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=>» <OVrsu-sm ~ 10 v 8 =» Sh = 001

o Being able to realize <ovsy ~ 16" em s and skill respecting
FERMI continuum photon from dwarf qalaxies or other
indirect detection constraints.
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2009/2009/2012 MO Q’.S Ev Pé 1

Jackson, Servamnt, Shaughnessz,
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. resonance channel(s)
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Y= DM candidate

. resonance channel(s)

P,
AN Y

W Y) z‘) (k)X«?)
7 (scalar, vector..)
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Dudas, 7. M,, Romagnoni, Pokorski :
200wz00R0M2 Models type 1 : resonance channel(s)
Jackson, Servamnt, Shaughnessz, e e e e i TSR
Tait, Tacso , 2009

Das, Ellwanger, Mitropoulos EY — M\I)El"(MZ-/ 2 MdM) 2]

2012

Y= DM candidate

> EY = MY
(Vv ot rest)

£y (GeV)
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Dudas, 7. M,, Romagnoni, Pokorski

2009/2009/2012 MO&QLS Ejpe 1 r resohainie Ck&hhét(S)
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Y= DM candidate dN/ da
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W Y) z‘) (k)X«?)
7/ (scalar, vector..)

o TDoes nobk need to be on the pole (depends on
the couplings/loops..)

£y (GeV)
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Dudas, 7. M,, Romagnoni, Pokorski

200wz00R0M2 Models type 1 : resonance channel(s)

Jackson, Servamnt, Shaughnessz,
Taik, Tacso , 2009

Das, Ellna»\g:\;zh\i&ropoulos EY o erlﬂ(ml/z Mdm) 2]
Y= DM candidate dN/ da A
NN Y R
(L at rest)

4 W Y) z‘) (k,Xu?)
/" (scalar, vector..)

o TDoes nobk need to be on the pole (depends on
the couplings/loops..)

£y (GeV)

o Usu&ttj, YY and vZ are open. 1f m\i.v YZ is allowed, Ey=130 GeV => MY = 144.5 GeV, It
happens f ¢ is a massive vector, and generates only ohe monochromatic line.
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o Need another independant mechanism for WMAP
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200wz00R0M2 Models type 1 : resonance channel(s)
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Das, Ellna»\g:\;zh\i&ropoulos EY o erlu(k‘z’/z Mdm) ,]
Y= DM candidakbe dN/ da
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(L at rest)
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2 Cline 2012 Models type 2 : internal Loops
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3 Cline 2012 Models type 2 : internal Loops
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3 Cline 2012 Models type 2 : internal Loops

e

W= DM candidate

Ah
MIHPIXP + =2 [H [yl
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3 Cline 2012 Models type 2 : internal Loops

e

W= DM candidate
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2 Cline 2012 Models type 2 : internal Loops

e

Y= DM candidate

Ey =2 MY[1=(Mz2/2Mdm) 2]

E:y = MY
(V at rest)

£y (GeV)
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2 Cline 2012 Models type 2 : internal Loops

e

Y= DM candidate

Ey =2 MY[1=(Mz2/2Mdm) 2]

E:y = MY
(V at rest)

£y (GeV)

o Can enhaned h -» yy kchannel

mercredi 24 octobre 2012



2 Cline 2012 Models type 2 : internal Loops

e

W= DM candidate

Ey 2 my[1-(Mz/ szW\)zj

(V at rest)

£y (GeV)

o Can enhaned h -» yy kchannel

o <«issue» : Line => A\x V10 and Mx ~ 130 GreV
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Fortin, Sheltown, Thomas, Zhao ;
= Models type 3
Ibarra, Lopez Grehler, Pato
2012 3 : St T
Fan, Keece
2012

: inbtermediate state
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Fortin, Sheltown, Thomas, Zhao

2009 Models type 3 : intermediate state

Ibarra, Lopez Grehler, Pato
2012

Fan, Keece
2012
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Ibarra, Lopez Grehler, Pato
2012

Fan, Keece
2012
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Fortin, Sheltown, Thomas, Zhao

2009 Models type 3 : intermediate state

Ibarra, Lopez Gehler, Pato
2012

Fan, Keece
2012

AN/AE el R
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Fortin, Sheltown, Thomas, Zhao

2009 Models type 3 : intermediate state

Ibarra, Lopez Gehler, Pato
2012

Fan, Keece
2012

AN/AE el R

o Ey=130 GeV => MY = 260 ey,
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Fortin, Sheltown, Thomas, Zhao

2009 Models type 3 : intermediate state
Ibarra, Lopez Gehler, Pato : ‘ s R ) T (S e B
F-Ta::oé:ece
2012

AN/AE el R

o Ey=130 GeV => MY = 260 ey,

o Seems like a mo,ochromatic Line f MY ~Mo.
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Skakja
2012
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v S

<ovrss "~ (Jm-vvf/|v\«u|))2 heLE,ci;&:j suppressed
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o Less favored by FERMI (2.70)
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Skakja
2012

Bringmann, Bergstrom, Edsjo MOdQL EE’PQ 4’ : LV\&Q\”MQ{. erMSETQkLuV\S

dN/dE

~s

f

v S

<ovrss "~ (Jm-vvf/|v\«u|))2 heLE,ci;&:j suppressed
i Mf "M, <ovofry "~ <Ovosf

o Less favored by FERMI (2.70)
o To fit a «monochromatic» Line, Msfermion ~ 140 GeV
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Hidden Z’ DM models

Additional neutral gauge bosons can be light if hidden

from SM. Natural communication between hidden U(1)
and SM sectors

o - Y 7!
> kinetic mixing Lmix = € Fn I

Trrry

» Chern-Simons terms (loop of heavy fermions or
Green-Schwarz mechanism in string theory)

_ mnpr rz/ Y
ECS — 7 € ez m Zn P}or



If the mass of heavy fermions mostly generated by
U(1) X breaking, then effective operators should
respect SM gauge symmetry. The Chern-Simons
operator comes from

1

o — ¢ Duby (HYD,H — DL HYH) F),
v? cHV PO Oy G’Z dﬂ“ ay
— e (7] ) (B, ) F

where 6y is the axion absorbed by Z’ and

- ax , ) O 7 /
Ox = Vo Duox = Oubx —9x 2y,



Resulks
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Resulks

£, =M [1 - (M/2M )]
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Resulks
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WMAP + fitting monochromatic Line

DM /_h ]I'..“.'
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WMAP + fitting monochromatic Line
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WMAP + fitting monochromatic Line

oM /, l
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Conclusions

e |sitarealline orinstrumental effect ? The
effect is based on 50 photons...

e One ortwo (or even three) lines will

discriminate among different models.

 Have to wait for more data; hopefully within two
yvears the DM interpretation of the signal will be
disproved or confirmed. Waiting also for HESS (CTA)
results.

e Hidden Z’ models are interesting since generic
in field and string theory
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