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Discovering the gamma-ray sky

LAT — 5 years skymap
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Daily Gamma-ray Sky
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"A nearby ordinary monster”
* "Monster”

— Highest gamma-ray fluence (>10-3 erg cm)

— Highest observed gamma-ray energy (95 GeV)
— Longest lived gamma-ray emission (19 hours)

— Second brightest optical flash (7th magnitude)
— Within the closest 5% of GRBs (z = 0.34)

* "Ordinary”
— Would not have been detected by Fermiat z > 4

« Represents a chance to study a "typical” GRB up
close

— Nearby GRBs tend to be sub-luminous

Aldo Morselli, INFN Roma Tor Vergata



First neutrinos-gamma-rays connection

» IceCube neutrino non- et L
detection can provide . Modeitor l04zn. |
valuable information
about this GRB's key o o
physical parameters such ;L Allowed
as the emission radius |,
the bulk Lorentz factor,
baryon load portion n and
the energy fraction
converted into cosmic
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> 1800 sources
> 10 source classes

known classes (AGN, Pulsars, PWN, SNR...)
New emitters (Novae, ms PSR, starbursts,
~30% unidentified

{*, Nolan et al.[Fermi Coll.): ApJS, 199 (2012) 31
3FGL in preparation



o ermi The Fermi LAT 2FGL Source Catalog

o http://fermi.gsfc.nasa.gov/ssc/data/access/lat/2yr_catalog/ —

August 4, 2008, to July 31, 201/‘. MeV to 100 GeV energy range

. .-'.r:

1873 sources -.

1095 AGN's ,

589 unidentified — Fermi Coll. ApJS

= No association Possible association with SNR or PWN (2012) 199, 31
<~ AGN * Pulsar 4 Globular cluster T
* Starburst Gal 5 PWN s HMB ar'X'V.‘ 1108.1 43.5
+ Galaxy © SNR * Nova 3FGL in preparation




What has Fermi found: The LAT two-year catalog

Supernova

Pulsars remnants Globular clusters,
4% high-mass binaries,

6% \ '/ normal galaxies
Non-blazar \ anc mare

active galaxies . 1%

589 1095
Unknown Blazars
31% 57%



Hard Source List

AGNSs of unknown type

PWN

-

FSRQ
SNR

O

BL Lac
PSR

A

v
k]

No association

Other (non-beamed) Extragalactic objects

Other Galactic objects

First catalog of source above 10 GeY 514 sources

[arXiv:1306.6772]

ApJS sub.

Aldo Morselli, INFN Roma Tor Vergata
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SuperNova Remnants - towards a catalog

498

0 25 published SNRs + 30 candidates in 2FGL
O Requires combination of spatial and energy information
O Diffuse emission modeling is a key systematic uncertainty

Aldo Morselli, INFN Roma Tor Vergata 13
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Origin of Cosmic Rays

Cosmic rays are particles (mostly protons) accelerated
to relativistic speeds.

Despite wide agreement that supernova remnants
(SNRs) are the sources of galactic cosmic rays,
unequivocal evidence for the acceleration of protons in
these objects is still lacking.

When accelerated protons encounter interstellar
material they produce neutral pions, which in turn
decay into gamma rays. This offers a compelling way
to detect the acceleration sites of protons.

The identification of pion-decay gamma rays has been
difficult because high-energy electrons also produce
gamma rays via bremsstrahlung and inverse Compton
scattering.

Aldo Morselli, INFN Roma Tor Vergata 14



The T(O_decay bump Stecker, 1971 (Cosmic gamma rays)

* Neutral pion-decay: in the
rest-frame of the pion, the two
y rays have 67.5 MeV each (i.e. a
line)

Stecker, 1971 (Cosmic gamma
rays)

* Transforming into the lab-
frame smears the line but keeps
it symmetric about 67.5 MeV (in
dN/dE)

Dermer, 1986

* Transforming o E2 dN/dE and
drop in pion-production cross
section destroys symmetry and
generates the "bump”

L’_iFN Aldo Morselli, INFN Roma Tor Vergata
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Proton (momentum)
powerlaw index

Thepionbump | T Z
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Earlier observations g

» Seen with EGRET in the
Galactic diffuse

* AGILE detection of "bump” in
W44 ( Giuliani et al., 2011)

* Previous Fermi-LAT analyses
started at 200 MeV (rapidly
changing effective area)

Giuliani et al., 2011

10-‘: LAY LURBLELELL) T T 117 LLJ T T TTI107, T

W44 o
- = 1 1
o 107 E . . 4
S o ] tf ) =
é‘ : E 10‘“'/ -,10‘-“‘-:
Z o g ] ®
- o @
5 1 s «
.l:u 10 B l:‘ 10_1: X 1033 o3

." inverse Compton p \
10.—1'3 Josssseses Lo=s \ A. A i =
108 1010 1012 1014
Energy [eV]

&F N Aldo Morselli, INFN Roma Tor Vergata 17



New Fermi Large Area Telescope analysis:
Time range: 2008 August, 4th to 2012 July 16t
Gamma-ray count maps of the 20° x 20° fields around IC 443 and W44
in the energy range 60 MeV to 2 GeV
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Energy spectra down to 60 MeV

IC 443 | Preliminary - W44

h Envelope of 8 Galprop
L

A diffuse models ° A
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* Clear indication of a low-energy "turnover”
» Gray systematic error band estimated from 8 Galprop models of

diffuse emission
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Detection of the Characteristic Pion-decay Signature
in Supernova Remnants
Direct evidence that cosmic-ray protons are accelerated in SNR

I IC 443
1070
o B ¥
£ .
o
=
9 101 =
L =
9 N
Z s
‘;O L Best-fit broken power law
L i Fermi-LAT L
0 VERITAS (Acciari et al. 2009)
42 & MAGIC (Albert et al. 2008
107 % AGILE (Tavani et al. 2010)
I BECE TR EY JI.g>r-<§jrﬁgg?‘ahlung .
B _I e Bremsstrlahlunq with Breall< | I
107 10° 10" 10! 102
Energy (eV)
&5 Science 339, (2013) 807 [arXiv:1302.3307] 15 Feb. 2013
INFN Aldo Morselli, INFN Roma Tor Vergata 20
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Detection of the Characteristic Pion-decay Signature
in Supernova Remnants
Direct evidence that cosmic-ray protons are accelerated in SNR
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Emission mechanism

Molecular Cloud

synchrotron radi_él

(;15-decay y-ra)E}

Supernova

Remnant Radiatively-compressed

filament of CRs & B-field

Escaping
CRs

(2
"
Z

Aldo Morselli, INFN Roma Tor Vergata

* Emission site: probably
downstream of shock
(upstream expect harder
spectrum) i.e. inside the
SNR

* Crushed cloud: CRs and
MC simultaneously
compressed.
Reacceleration of the
"sea” of CRs.

* Passive cloud: CRs
escape and interact with

cloud. Fresh acceleration
of CRs.



Resulting Proton spectrum
Second neutrinos-gamma-rays connection _
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NASA press release

Fermi data reveal giant gamma-ray bubbles

-

-
- "'
3 -

- Credit: NASA/DOE/Fermi LAT/D. Finkbeiner et al.
Models reproduce the main features of the diffuse emission quite well

Discrepancies between the physical model and high-resolution data (residuals) are the gold
mines of new phenomena!

Every extended source and/or process that is not included into the model pops up and exposes
itself as a residual




Fermi Bubble




The Galactic Center Origin of a Subset of
IceCube Neutrino Events

+90°

e
- ~~

<~

+180° —-180°

=00 | arXiv:1309.2756

IceCube neutrino events in Galactic coordinates. The 21 shower-like events are shown with
15° error circles around the approximate positions (small white points) reported by IceCube
[1]. The 7 track-like events are shown as larger red points. Also shown are the boundaries of
_, The Fermi bubbles (dot-dashed line) and the Equatorial plane (dashed line).

L/ Aldo Morselli, INFN Roma Tor Vergata
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_ Large scale study: residuals

Agreement for models is

overall good, but features
are visible in residuals at

~% level

Difference between
illustrative models shown
in right maps : structure
due to variations of model
parameters

Models details:

2: SNR%4R207150¢5

44: Lorimer?6820Too¢5
93: YusifovZ10R30T150¢2
119: OB48R30T002
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Flux of neutrinos at the Earth form decaying DM

Third neutrinos-gamma-rays connection

1 I llllll] I I ll'llll 1 1 Illllll 1 'I [
-: e - DM v,7,(15%),bb (85%) |
7 C ]
o [ o — DM - vV, (12%), cc (88%)
Y ﬁ =
= ! ———— DM - e"¢” (40%), qq (60%) e
3) g >
> s —
» |
S ol i >
= | mme; R T gpee.
o ST
1] 6 | = DM - vV, qq i
| | lllIIIl l I IllllII 1 1 Illllll 1 L 1 l lllll 1 1 1 | — ll
1 10 10’ 10° 10 10°
E, (TeV) E, (TeV)
mym = 3.2PeV and 1y, = 1-3 x 1027 s and final states v ;v ., and 9 with 12% and

887 branching ratios, respectively
arXiv:1308.1105
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Dark Matter EVIDENCES

In 1933, the astronomer Zwicky realized that the mass of the luminous
matter in the Coma cluster was much smaller than its total mass implied
by the motion of cluster member galaxies:

* Since then, many other evidences:

Rotation curves of galaxies Gravitational lensing

. ’

.

observed : g.,k“f
I S o S

expected
from
~~~~_ __ luminous disk

19 R (kpc)

M33 rotation curve

Energy

72% Qbh2~0.02
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The anisotropies of the Cosmic microwave
background (CMB) as observed by Planck

Materiaoscura [ Materia visibile [ Energia oscura

20 40 60 80 100
22,7 [ Y
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Dark Matter
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" S0, Wha is Dark Matter?
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Dark Matter Candid}ates

WIMP type Candidates () .~1
I

* Kaluza-Klein DM in UED
e Kaluza-Klein DM in RS

* AxXion

* Axino

e Gravitino

* Photino

* SM Neutrino

» Sterile Neutrino

* Sneutrino

e Little Higgs DM S -

*Light DM

s Wimpzillas : axien a AXino &
* @-balls ' 5
e Mirror Matter

e Champs (charged DM)
* D-matter

Cryptons . gravilin
* Self-interacting

* Superweakly interacting

* Braneworld DM

* Heavy neutrino

* NEUTRALINO

* Messenger States in GMSB
* Branons

* Chaplygin Gas

e Split SUSY

e DrnivTnAarAial RPlarnl> IITAlAC

16 N

|

I s
neulralino x s WIMP

wimpzilla
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Dark Matter Candidates

WIMP type Candidates (o~
T o

* Kaluza-Klein DM inUED
e Kaluza-Klein DM in RS
* AxXion

* Axino

e Gravitino

e Photino

* SM Neutrino

» Sterile Neutrino

* Sneutrino

e Little Higgs DM S -

*Light DM

s Wimpzillas : axien a AXino &
* @-balls vl
* Mirror Matter

e Champs (charged DM)
* D-matter

Cryptons . gravilin
* Self-interacting

* Superweakly interacting
* Braneworls DM
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neulralino x s WIMP

wimpzilla

* Messenger States in GMSB
* Branons

* Chaplygin Gas

e Split SUSY

e DrnivTnAarAial RPlarnl> IITAlAC
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scattering
(Direct detection)
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creation IndiI"QCT,
Source acceleration D I rect

and

injection

Accellerator
Searches
for Dark Matte

acceleration?

}Modulation

" Space experiments ~ 400 km

Direct detection

Atmosphere
40 km

Balloons ~ 40 km Particle
~3 g/cm? residual atmosphere AS trOthSiCS

23 Xo Extensive Air Shower .
High Montain Detectors EXp eriments
Detectors -
Cherencov Detectors S ;} s

. Underground, Under-ice, Underwater
Particle Accelerators




Particle creation Fermi

Astrophysics Source acceleration EpUAS<a

: ST AGILE
Experiments injection AMS

MAGIC

g Vo . Calet

Veritas . GC(mmC(-4OO
CTA SO Jem-EUSO | KASCADE Grande

I DECOR

AUGER

: LOFAR
CODALEMA
Y Modulatlon
ARGO-JBJ NEMO
Milagro Vi ANTARES
HAWC ¢ = “.53‘5‘ TceCubKM3NeT
LHAASO L Space expellments 400 km Baikal-GVD
A il Dire detectlon
tmospherg DAMA
Ballogns ~ 40 Km
i & ’Q) ~3 g/¢m- peSidualatmosphere SOAGAQQ{#IBRA
Extensive Air Shower CRESST-II

High Montam Detectors <&
Detectors e : = ﬁqﬂﬂ?_ﬂ / CDMS
Cherencov Detectors Sy ﬁ,ﬁa T I ﬂj/./

Particle Accelerators “\“nderground, Unc{er—ice, Underwater




Neutralino WIMPs

Assume y present in the galactic halo
* y 1S 1ts own antiparticle => can annihilate in galactic halo

producing gamma-rays, antiprotons, positrons....

e Antimatter not produced in large quantities through standard processes
(secondary production through p + p --> anti p + X)

* So, any extra contribution from exotic sources (7 % annihilation) 1s an
interesting signature

eie:y y -—> antip + X

* Produced from (e. g.) x x --=> q/ g / gauge boson / Higgs boson and
subsequent decay and/ or hadronisation.

)
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Antiproton-to-proton ratio
e

o
T=3
107
Overall
agreement  10°
with pure
secondary
calculation
107
108
IN?'?

¢

- -
.-
-

@ X 0O > » 4 0

BESS 2000 (Y. Asaoka st al )
BESS 1939 (Y. Asaoka st al )
BESS-polar 2004 (K. Abe st al.)
CAPRICE 1334 (M. Boezlo &t al.)
CAPRICE 1358 (M. Sosezlo et al.)
HEAT-pbar 2000 (A. S. Beach et al.)

PAMELA

[ SR “ll/l

107

1

Adriani et al. - PRL 105 (2010) 121101
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Fermi Electron + Posn‘ron spec’rrum

[ A Kobayashi (1999) o AMS (2002) '@ FERMI (2010) g
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&FN' Fermi LAT Coll. Physical Review D, 82 092004 (2010) [arXiv:1008.3999]



Posu‘l'r'on Fr'achon
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o AMS-02
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A Fermi
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e* energy [GeV]
Pamela, Astropart. Phys. 34, 1 (2010) and arXiv:1308.0133

Fermi Coll., PRL, 108 (2012) 011103 arXiv:1109.0521 AMS: PRL 110, 141102 (2013)
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Lepto-
philic
Models

here we assume a
democratic dark
matter pair-
annihilation
branching ratio
into each charged
lepton species:
1/3 into e+e-, 1/3
into pu+ u- and 1/3
into t+ - Here
too antiprotons
are not produced
in dark matter
pair annihilation.

Pair Annihilation Cross-Section [cm /s]
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100

1000

£ Astrp Phys.32 (2009) 140 [arXiv:0905.0636] Dark Matter Particle Mass (GeV)
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Lepto-
philic
Models

here we assume a
democratic dark
matter pair-
annihilation
branching ratio
into each charged
lepton species:
1/3 into e+e-, 1/3
into pu+ u- and 1/3
into t+ - Here
too antiprotons
are not produced
in dark matter
pair annihilation.

. update of

1 0-22

b
~

Pamela + Fermi positrons

)
wn

— Fermi Best Fit [y, =1]

Pair Annihilation Cross-Section [cm /s]
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| | IIIII\L

—— Pamela Best Fit [X2 dof=1]
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100 1000

1 0-26
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£ Astrp Phys.32 (2009) 140 [arXiv:0905.0636] Dark Matter Particle Mass (GeV)
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Lepto-
philic
Models

here we assume a
democratic dark
matter pair-
annihilation
branching ratio
into each charged
lepton species:
1/3 into e+e-, 1/3
into pu+ u- and 1/3
into t+ - Here
too antiprotons
are not produced
in dark matter
pair annihilation.

. update of

1 0-22

Pamela + Fermi +AMS positrons’

|
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[N}
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— Fermi Best Fit [y, =1]

Pair Annihilation Cross-Section [cm /s]
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—— Pamela Best Fit [X2 dof=1]
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£ Astrp Phys.32 (2009) 140 [arXiv:0905.0636] Dark Matter Particle Mass (GeV)
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Pulsars

1. On purely energetic grounds they work (relatively large
efficiency)

2. On the basis of the spectrum, it is not clear
1. The spectra of PWN show relatively flat spectra of pairs at
Low energies but we do not understand what it is
2. The general spectra (acceleration at the termination shock)
are too steep

The biggest problem is that of escape of particles from the pulsar
1. Even if acceleration works, pairs have to survive losses
2. And in order to escape they have to cross other two shocks

New Fermi data on pulsars will help to constrain the pulsar models

)
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What if we randomly vary the pulsar parameters

relevant for e+e- production?
(injection spectrum, e+e- production efficiency, PWN “trapping” time)

| o | | | [ |
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Under reasonable assumptions, electron/positron emission from pulsars

offers a viable interpretation of Fermi CRE data which is also consistent with the HESS

and Pamela results.
=

D.Grasso et al. Astropart. Phys. 32 (2009), pp.140 [arXiv:0905.0636]
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______________

T Cosmic Ray Electrons

Anisotropy

_____________

the levels of anisotropy expected for Geminga-like
and Monogem-like sources (i.e. sources with similar
distances and ages) seem to be higher than the
scale of anisotropies excluded by the results
However, it is worth to point out that the model
results are affected by large uncertainties related
to the choice of the free parameters

No-anlisot-'ropy map

90 95 100 105 110 115 120 125 130

Flight data sky map
S @ 32000
Distribution of significance,
O fitted by a Gaussian —> |2
S g“’;—
Significance map
-40 -32 -2.4 —'.lG -68 0‘0 08 1.6 7.4 32 40 1:_
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electron + positron expected anisotropy in the

10~

107>

Dipole Anisotropy

10"

directions of Monogem and Vela

L Il | | | L I A ||
- Fermi/LATULs B .y :
- AR i
- Monogem"x =
- - Vool L L ou vl ll ! ! !li.;:-l!ll .
1 10 102 10° 10°

Minimum Energy (GeV)
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Dipole anisotropy in the positron ratio
16 GeV -350 GeV

Galactic e S
. ol :
coordinates (b,l) .« el

e,

. - 5
..................
- - -

Significance (0)

AMS-02 TCRC13 Theo)

The fluctuations of the positron ratio e*/e™ are isotropic
0 £ 0.030 at the 95% confidence level
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other Astrophysical solution
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» Positrons created as secondary products of hadronic interactions inside the
sources

- Secondary production takes place in the same region where cosmic rays are
being accelerated

-> Therefore secondary positron have a very flat spectrum, which is responsible,
after propagation in the Galaxy, for the observed positron excess

Blasi, arXiv:0903.2794
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B/C ratio

10°

-
2

a2

B/C Ratio

e B CREAM 2008 Astr.Phys. 30 133 S ) =
- [arXiv:0808.1718] ~ -
— \ —

ATIC-2 B i
I Panov et al., ICRC 2007 N 1
— \ —

- = = spallation during propagation only ~ \
\ —

spallation also during acceleration

Philipp Mertsch, Subir Sarkar Phys.Rev.Lett.103:081104,2009

arXiv:0905.3152
- N

10 10° 10°
energy per nucleon [GeV|
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Boron-to-Carbon ratio compared with previous data

spallation also during acceleration
Philipp Mertsch, Subir Sarkar Phys.Rev.Lett.103:081104,2009

arXiv:0905.3152 2 AMS-OZ

N% of total expected data
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Annihilation channels

L WiZlg,\
WIMP Dark / Vu
Matter Particles ; /;, Ve
Eoir~100GeV NS
Y WHZ 3 & !
) i Neutrinos WIMP Dark il
\ﬁ: Matter Particles

w Ecu~100GeV |
e)@e il X \Y‘

+afew p/p, d/d

Analysis Anti-matter Analysis
Chain Chain
7 7? ? ?? ?? ?

S S e O U U W S

)
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Search Stirat egles

Satellites: Galactic center: Milky Way halo:

Low background and Good statistics but source Large statistics but
good source id, but low confusion/diffuse background  diffuse background
statistics

And
, electronsl!
£3 -m-w‘im" . ' " . LI
' - ! and
Anisotropies
Spectral lines: .
No astrophysical Galaxy Exfra-gqlqctuc.
uncertainties, good clusters: Large statistics, but

astrophysics,galactic
diffuse background

source id, but low

statistics Low background but

low statistics
=5 Pre-launch sensitivities published in Baltz et al., 2008, JCAP 0807:013 [astro-ph/0806.2911]
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Constraints from the Milky Way halo

testing the LAT diffuse data for a contribution from a
Milky Way DM annihilation/decay signal

DM annihilation signal Nasa Fermi two-year all-sky map

2 years of data 1-100 GeV energy range
ROT: 5° <|b|<15° and |1]|<80°, chosen to:
- minimize DM profile uncertainty (highest in the Galactic Center region)

- limit astrophysical uncertainty by masking out the Galactic plane and cutting-
out high- latitude emission from the Fermi lobes and Loop T

)
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Constraints from the Milky Way halo

xx — u'u, 18O

only phOTOhS 1072 —— IC+FSR, w/o background modeling -
pr'oduced by muons — FSR, w/o background modeling -

(no e|ec'|‘r'on5) to set — IC+FSR, constrained free source fits
“no-background
limits"

“no-background
limits" including FSR
+IC from dark
matter

Pamela positrons region

T WIMP freeze—out

limits from profile 10-26

likelihood and CR

sources set to zero 10 10 10° 10*
in the inner 3 kpc m [GeV]

DM interpretation of PAMELA/Fermi CR anomalies disfavored

i .‘@;77 Fermi Coll.ApJ 761 (2012) 91 [arXiv:1205.6474]

('lF N Aldo Morselli, INFN Roma Tor Vergata 56



~ .

TICVNR

galaxies (dSph) :
for DM detection
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Dwarf Spheroidal Galaxies combined analysis

Upper limits, b6 channel

10-19 : ]
i 3 00-2° — - Draco — Sextans
! — Bootes | Fornax — Ursa Major |l
102° | - = Carina —— Sculptor —— Ursa Minor .
' Coma Berenices —  Segue 1 - Joint Likelihood, 10 dSphs
) - |
o 10-21 = =il
5 ' ]
— i 1
e -22 | x|
o 10 ! 1
$ i
v 10°° ¢
m -
w)
o :
< Ho-? |
= i
=
= 1025
107°° | -
16 b 102 103

WIMP mass [GeV]

robust constraints including J-factor uncertainties from the stellar data statistical analysis

NFW. For cored dark matter profile, the J-factors for most of
the dSphs would either increase or not change much
i Fermi Lat Coll., PRL 107, 241302 (2011) [arXiv:1108.3546]
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WIMP cross-section [cm® /s]

Dwarf Spheroidal Galaxies combined analysis

10—21
10-22
10—23
10—24
10—25

10—26 I

Upper limits, Joint Likelihood of 10 dSphs

* 1

3.10°26

— bbb Channel ...

++ +— Channel

R

W+t W

Channel
Channel

1

10%

WIMP mass [GeV]
robust constraints including J-factor uncertainties from the stellar data statistical analysis

Fermi Lat Coll., PRL 107, 241302 (2011) [arXiv:1108.3546]
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DM limit improvement estimate in 10 years with the
composite likelihood approach (2008- 2018)

* 10 years of data instead of
2(5x)

» 30 dSphs (3x) (supposing
that the new optical surveys
will find new dSph)

* -10% from spatial
extension (source extension
increases the signal region
at high energy

E>10 GeV, M > 200 GeV )

10-23 Predicted dSph Limits for bb Channel
| ——@=— 2yr. 10 dSphs (Published)

- ® = 2yr. 10 dSphs (Spatial Extension)
| = ® = 2yr. 30 dSphs
| = @ = 10yr. 10 dSphs
1024 || =@ 10yr. 30 dSphs (Spatial Extension)

10725 }

(cm3s—1)

\ avVv

10726 p

11 i

i . i AR ; i A
10! 10?2 10°
Mass (GeV)

* There are many assumptions in this prediction
* Doesn’t deal with a possible detections.

INFN
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Dwarf Spheroidal Galaxies upper-limits

eI
TJ) E Fermi combined DSG analysis (10 DSGs), 2 years
°°E I Fermi combined DSG analysis, 10 years
i = Galactic Halo, 100 h, CTA array B (Ring Method)
é = Fornax Cluster, 100 h, CTA array B B,,ax = 1.0°)
s 1 0_23 | Segue 1 DSG, 100 h, CTA array B
g = Segue 1
i . CTA array B 100 h
104
E Fornax Cluster
2 . CTA array B 100 h
107" = Fermi 2 years
: Galactic Halo CTA
B _—: array B 100 h
| erm{ }_O__ye_ars WIMP eter space
10-26 -t : b ¢ i o v : g L3 et
102 19 10%
mpp [GeV]
Fermi 10 years 30 dSphs Update of :
o Doro et al. arXiv:1208.5356
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Annihilation rate <ov> for ¥¥ — qq [cm®/ s]

Z

¢

ATLAS-Fermi Results

ATLAS \s =7 TeV, 4.7 fb', 95%CL

I | I IIIIIII | I Illlll' I Illllll
1019

1020 2 x ( Fermi-LAT dSphs (xx)Majorana—> bb )

- D5: qa— (XX)

1 0’21 _ - Dirac 3
102 «—— D8: a3~ ()., ;
G2l e

102
1=
1 0-26
1 0-27

1028 -
10 | - o

1 10 10? 10°
WIMP mass m, [ GeV ]

E|
E
3
Thermal relic valuej

Atlas Coll. arXiv:1210.4491
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e The Fermi LAT 2FGL Inner Galactic Region

B i o
August 4, 2008, to July 31, 2010 100 MeV to 100 GeV energy range

30

-
&)

—
N d

Galactic latitude (deg)
|
o o

| . T BRI [= P
15 0 345 330 315 300 285 270
Galactic longitude (deg)

|
W
o

O
o
~
(&)
(@)
o
N
(&)
w
o

Fermi Coll. ApJS

o No association Possible association with SNR or PWN

(2012) 199, 31 <~ AGN #* Pulsar A Globular cluster
. * Starburst Gal ® PWN = HMB
arXiv:1108.1435 + Galaxy 5 SNR * Nova
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Milky Way Dark
Matter Profiles

1= [Fo] [t O]
p pO r 1 + (r/rs)a
Halo model |l B v rginkpec
Cored isothermal 2 2 9 5
Navarro, Frenk, White | 1 3 1 20
Moore 1 3 1.16 30
Einasto | a=0.17 re = 20kpc ps = 0.06 GeV/cm3

@;7 A Lapi et al. arXiv:0912.1766

L
INFN

2

log p(r) [GeV cm™?]

I
N
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All profiles are
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density 0.3 GeV cm™3
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Different spatial behaviour for decaying or annihilating dark matter

10° : p
10° F 7
—~ no |
o 107 iy Annihilating DM 2
=
—
10° ; 7
10° —_—”// Decaying DM

-150 -100 -50 0 50 100 150

The angular profile of the gamma-ray signal is shown, as function of the angle 0 to the centre of
the galaxy for a Navarro-Frenk-White (NFW) halo distribution for decaying DM, solid (red) line,

compared fo the case of self-annihilating DM, dashed (blue) line
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Residual Emission for 15 * 15 degrees around the Galactic center

Galactic latitude (deg)
Galactic latitude (deg)
3 e

M DATA- Model (diffuse+ sources)

0 358 336 354

6 E 2 & W W W 6 E 2
Galactic longitude (deg) Galactic longitude (deg)
= 1 = 1
4 18 ) 36 45 54 63 72 81 8 I 4 2 00098 2 4 [ 8

Diffuse emission and point sources account for most of the emission
observed in the region.

Low-level residuals remain, the interpretation of these is work in-progress

Papers are forthcoming and will include dark matter results.
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SP@CTrum (E> 400 MeV, 7°x7° region centered on the
Galactic Center analyzed with binned likelihood analysis )
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Fermi Coll. NIM A630 (2011) 147 [arXiv:0912.3828]




GC Residuals

7°x7° region centered on the Galactic Center

11 months of data, E 400 MeV, front-converting events

analyzed with binned likelihood analysis )

* The systematic uncertainty of the effective area (blue area) of the LAT 1s ~10%
at 100 MeV, decreasing to 5% at 560 MeV and increasing to 20% at 10 GeV
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Galactic Center bump and LHC and
direct detection results

+ We revisit MSSM scenarios with light neutralino as a
dark matter candidate in view of the latest LHC and
dark matter direct and indirect detection experiments.
We show that scenarios with a very light neutralino (-
10 GeV) and a scalar bottom quark close in mass, can
satisfy all the available constraints from LEP, Tevatron,
LHC, flavour and low energy experiments and provide
solutions in agreement with the bulk of dark matter
direct detection experiments DAMA/LIBRA, CoGeNT
and CRESST-IT

(2 &
2 &-
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5-7 GeV bump produced by pulsar
population ?

» we find that millisecond pulsars can account for
no more than ~10% of the Inner Galaxy's GeV
excess

Dan Hooper, Ilias Cholis, Tim Linden, Jennifer Siegal-
Gaskins, Tracy Slatyer arXiv:1305.0830v1
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Search for Spectral Gamma Lines

Smoking gun signal of dark matter
Search for lines in the first 23 months of Fermi data (7-200 GeV en.range)

Search region |b[>10° plus a 20°x 20° square centered at the galactic center

For the region within 1°of the GC, no point source removal was done as this would
have removed the GC

For the remaining part of the ROTI, point sources were masked from the analysis
using a circle of radius 0.2 deg

The data selection includes additional cuts to remove residual charged particle
contamination.

2
Counts /2.25 2

10

Region-of-interest for line search
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b [deg]

E? ® [GeV cm 2?s 'sr!]

10° F

Reg3
Einasto

-80 -60

-40

20 0
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A line at ~ 130 GeV ?

Reg4 (ULTRACLEAN), E, =129.8 GeV

Signal counts: 46.1 (4.360)
30 p-value=0.37, x2,=23.6/22

35

25

Counts

20 40 60 80 15 L -
=y
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A line at ~ 130 GeV ?
see also

Tempel et al. arXiv:1205.1045

Kyae & Park arXiv:1205.4151

Dudas Mambrini et al. arXiv:1205.1520
Boyarsky et al. arXiv:1205.4700

Lee et al. arXiv:1205.4700

Acharya, Kane et al. arXiv:1205.5789
Buckley, Hooper arXiv:1205.6811

Su, Finkbeiner arXiv:1206.1616
Chu,Hambye et al. arXiv:1206.2279
Finkbeiner, Su, Weniger arXiv:1209.4562

-------- Fermi-LAT analysis is in progress
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Fermi-LAT Line Search Flux Upper Limits

Ltz B I | 1 I | il
o - 3.7 year R16 i
& - —— Observed Limit 1
= 108k o¢et" oo Expected Limit
= = [ Expected 68% Containment =
% = [ Expected 95% Containment ]
— = il
O = il
o
s 10°F -
(o) = =
S B i
107" =
= | L 1 1 L l 1 1 1 1 L 1 L ) | l 1 L i
10 10°
. . . E, (GeV)
Fermi Lat Coll.,, PRD Submitted, arXiv:1305.5597

‘Most of the limits fall within the expected bands.

‘Near 135 GeV the limits are near the upper edge of the bands.

*The huge statistics at low energies mean small uncertainties in the collecting area can
produce statistical significant spectral features.

INFN
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Fermi-LAT Line Search Flux Upper Limits

S/N < 4% ,:m ' ' 4year R16
'E 10'a :—:::E;gg::::::ézzz :::::"P'rellmlnar'y:::::i::::::; -------- Expected Limit
\\ - g Observed Limit
:E """"""""""""""""""""""""""""""""""""""""" [ ] Expected 68% Containment
— [ ] Expected 95% Containment
d S N : :
o R BV e
e 107 ool it A
Ty
a, ..........
5 ST T SR B N S R
2 o T S,
(TH AN OUVUU0 SUUR UL OO0 OO SOOI o, S T SR RS R e s g
Bands show s’ra’rlshcal e A 5
10‘10 : 1y : : .. ntiec onl i B e I e

Line Energy (GeV)

*Most of the limits fall within the expected bands.

‘Near 135 GeV the limits are near the upper edge of the bands.

*The huge statistics at low energies mean small uncertainties in the collecting area
can produce statistical significant spectral features.
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Constraints from the inner Galaxy

The gamma-ray flux produced by dark matter annihilation is expected to
be maximized in the inner regions of the Milky Way.

The DM density in the GC may be larger than typically obtained in N-body
cosmological simulations. Ordinary matter (baryons) dominates the central
region of our Galaxy. Thus, baryons may significantly affect the DM.

As baryons collapse and move to the center they increase the graviational
potential, which turn forces the DM to contract and increase its density.
If this is the only effect of baryons, then the expected annihilation signal
will substantially increase.

Blue represents 3.6-micron light
and green shows 8-micron light,
both captured by Spitzer's
infrared array camera. Red is
24- micron light detected by
Spitzer's multiband imaging
photometer.
http://www.spitzer.caltech.edu/
ima ges/3560-sig11-003-Stars-
Gather-in-Downtown-Milky-Way

; 5.3 deg |
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Constraints from

the inner Galaxy

3 & upper limits on
the annihilation
cross-section for
different channels
and halo profiles

No assumption
on background

very robust result

Gomez-Vargas et al.
JCAP sub.,
arXiv:1308.3515
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Constraints from
the inner Galaxy

Optimized ROT ~ ~ .~ "= === 70 Fa s
for each profile - -

&56omez-Vargas et al. JCAP sub., ™ 7 ¥ 7w T T 0 mom o m g o e e o
arXiv:1308.3515 NFWc Burkert

)
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