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There are sone experinental indications of the
exi stence of light dark matter, M~ few GeV.

Most |1 kely to go away (see Steven Leman's tal k),
but the concordance is/was Intriguing/stinmulating.
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Here | discuss indirect constraints on |Iight WMPs
based on the first-year Ferm -LAT data on the

di ffuse y-ray background.

Based on work done 1 n coll aborati on
wth Chiara Arina (RMH Aachen).

Ar Xi v: 1007. 2765
JCAP 1101: 011, 2011
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Al M

The Ferm - LAT spectrum (2010) Is nore constraining
and has smaller error bars than the ol der
anal ogous spectra fromthe EGRET experi nent

Pre-launch anal ysis has shown that the Isotropic

Diffuse Emssion is potentially very constraining
for DM

(Baltz et al;...)

There are ot her anal ysis (2010).
Gve limts on « standard » WMPs (neutralino, KK-

dm...), or Panel a-notivated nodel s.
(Abdo et al; Hutsi et al; Abazajian et al)

Here | specifically focus on constraints on |ight
WMPs, with nass 1nh the few GV range
(1 e CoGeNT, DAMA).



Ferm - LAT data (& nodelling) of Extragalactic diffuse em ssion

Actual ly the
<=—— | sotropic signal
(gal actic
contribution

expect ed)

Abdo et al; Phys.Rev.Lett. 104 (2010) 101101; ar X v:1002. 3603



Extragal actic diffuse em ssion from DM anni hil ati on

Particle physics

Ast rophysi cal factors

/—/%

/ l

dd., c dz’ dN.,
dE 4W2W%m H(z") (14 2 4dEV

T(F’,
B. Boost factor: /////
Hal os of DM matt er
(of all sizes @all redshift 2z)

A. Optical depth:

Absor ption of due to Conpton
scattering, pair production,...
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A. Optical depth

Absor ption due to

Redshift
@ emission ~ i NOMB — 6_|_€_

No absorption
for M < 20 GeV

«_  Absorption due to
Y+ ViR — €' e

(Hutsi et al)

gamma-ray energy @ z=0

(C.Arina, MT.)
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B. Boost fromDM halos @all redshifts?

/ /

Nunmber of hal os of Dark Matter profile
mass M @redshift z (here NFW but
(here Press-Schechter) dependence m | d)

Depends on power spectrum of | ow nmass hal os

(potentially down to MNlO_SM@... )

extrapol ati ons from WAP
—_— measur enents and/ or nunerical sinu's



B. Boost fromDM halos @all redshifts?

WMAP extrapolations
AA/////////// (Maccio et al)
‘7777ww””””””*ww—f . . .
Boost - Simulations extrapolations

(Bul l ock et al)

(1+2)°

———— No halo

Redshi ft



Resul ts: nodel independent spectral energy
density

EGRET

Fer m - LAT

M= 10 GV in b-bbar
o = 3.10%° cms™?



A sinple nodel - scalar singlet DV

Anni hi l ation Scattering (Sl)

DM f DM’\//DHJ

h |

- == Ih

DM f N/\\N

Rel 1 ¢ abundance Direct detection

Two paraneters nodel:

M, and coupling to
br out - engl ert - hi ggs boson
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(Silveira & Zee; M Donal d; Burgess et al;...
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A sinple nodel - scalar singlet DM

CoCGeNT
&
o
¢ ¢ CDMS-S1i
e
CDVG- | |
(1 ow ener gy) } AP

XenonlO (2009)

Andreas, Arina, Hanbye, Ling & MT. ar Xi v: 1003. 2595



Resul ts: scal ar singlet DM

95% CL exclusion [imts fromD ffuse Isotropic Em ssion

Spi n-i ndependent Excluded

Cross-section

Allowed

Scal ar singl et nass

Arina & MT. arXiv:1007. 2765



More results: scalar singlet DM

Forecast: Ferm -LAT resolving extra-galactic
sources (AGQN, Bl azars,...)

Abazaj i an, Bl anchet and Hardi ng ar Xi v: 1012. 1247



BTW this is an invisible H ggs scenario

S For M =7 &V :
DM

hi ggs / LN 120 GV BR(h -~ SS) = 99.5%

m =200 GeV BR(h - SS) = 70%

hi ggs

S

LHC Di scovery Potenti al
(14 TeV, L = 30 fb?)

(M War si nsky, ATLAS, | CHEP2007)

o) ~5-10"* cm?

Fig. from Kanenura et al, 1005. 5651



Conclusions

Recent Ferm - LAT data give interesting Indirect
constraints on Light Dark Matter candi dates.

Not only Diffuse em ssion, also constraints from
dwarf spheroidal galaxies (wth different
systematics, etc, not discussed here).

Ni ce interplay between direct and i ndirect
det ecti on.

See also inportant role of collider constraints
(see the tal k by Joachi m Kopp)
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In LXe experiments, mapping of signal (ie photoelectrons PE) to E

recoil

depends on the so-called Scintillation Efficiency (Leff)

Problem: Leff poorly known at low recoil energies
See Collar & McKinsey vs XenonlOO0 debate

LeffMed

Cutoff @ 1 keVO

LeffMin
\\\\\\\3;

~

Light Dark Matter range
J g LeffZep (very conservative)



4PE

DAMA

CoGeNT

/f DAMA
// w/channelling

LeffMed

b

|
LeffZ
LeffMin eneep

Andreas, Arina, Hambye, Ling, M.T.
(arXiv:1003.2595)



4PE

Prospect:
1 ton-days >
exposure DAMA
(LeffMin)
CoGeNT
/ DAMA
/ w/channelling
LeffMed

o

/
LeffZ
LeffMin eneep

Andreas, Arina, Hambye, Ling, M.T.
(arXiv:1003.2595)
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CDMVS col | aboration ar Xi v: 1011. 2482



An 8 GV candidate and the Ferm - LAT data fromthe Gl actic Centre?

Hooper & Goodenough, ar Xiv: 1010. 2752



95% C.L. limts on annihilation cross sections fromM I ky Wy
dSphs

-



95% C.L. limts on tau pairs annihilation from Extra-gal actic ganma



This 1s consistent with other recent works

Fitzpatrick, Hooper & Zurek ‘%
Ar Xi v: 1003. 0014 E
Ef fecti ve operators approach %

o2

Bar ger, M Caskey, Shaughnessy
Ar Xi v: 1005. 3328

Conpl ex singlet scalar

Effectively a real
si ngl et scal ar

10-2

I I I |
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Dirac DM candi date, vector

| nteraction ? 104 | - -
: Dirac Fermion, Vector Int.:
_ _ ' Qpyh?=0.11
Fitzpatrick, Hooper & Zurek 107° |
. ‘:‘I'l L q=10—39 2
Ar Xi v: 1003. 0014 I m T
81077 F_ 0=10"% cm?---..
Effecti ve operators approach #  [____ S S A
© TR ‘M .-Gogent--______
10~7 | ]
10—8 | , A | | , ,
1 2 5 10 20 50
mpy (GeV)

Manbrini ArXi v: 1006. 3318

Dirac fermon with a

light Z

K if use the Z' pole to /O

enhance the anni hil ati on
Cross section



95% C.L. limts on flux from dSphs between 100 MeV < E < 50 GV

100% i n b- bbar 100%in t*

on fl Har der spectrum
stronger constaints

But only published imts for M> 30 GV neutralino
and KK-dm candi dat es

Figures from Ferm - LAT; Abdo et al, arXi v:1001. 4531



New | imts on the gamma ray flux fromdSphs froma |ight scalar
singlet wiwth WMAP cross section

L/ M~75 L/ M~80

> -

Qur predicted fluxes
but tentative (e.dqg.
energy resol ution,
acceptance, ... not
taken into account)

Qur (naive) extrapol ati ons based on
Ferm - LAT dat a

Andreas, Arina, Hambye, Ling, M.T. (arXiv:1003.2595)
See also Fitzpatrick, Hooper & Zurek



95% C.L. limts on annihilation cross sections fromM I ky Wy
dSphs

WAP . oV 3 10%° cm st



Fromthe talk by Maja LLENA GARDE (Ferm - LAT) @ | DV0O10

CoGeNT/ DAMA candi dat es

© VWAP abundance
St acked analysis — stronger limts: |ight candi dates
I n b-bbar excluded @95% CL
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An 8 GV candidate and the Ferm - LAT data fromthe Gl actic Centre?

Hooper & Goodenough, ar Xiv: 1010. 2752



Coul d be (again, renenber PAMELA?) pul sars...

M 28

Abazajian ar Xiv: 1011. 4275



Constraints on 8 GeV DM from synchrotron radi ation (radio) @ GC !

8 GV into e+/ e-

Boehm Silk and Enslin, arX v:1008. 5175



Fromthe talk by Maja LLENA GARDE (Ferm - LAT) @ | DV0O10

CoGeNT/ DAMA candi dat es

© VWAP abundance
St acked analysis — stronger limts: |ight candi dates
I n b-bbar excluded @95% CL
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