Search for Dark Matter with the Ferml
Large Area Telescope

: -‘~!,

"’ll

6th Intern .:rbr'\'dl Cerrfer'ence on Hrgh Energy Physucs
ICHEP2012 o ICHEPZOIZ . Me[baurne 7 J'u/ 2012

Melbourne




(SJep1||02 3jo1Ed)
uononpo.d

.

ll

annihilation
(Indirect detection)

N
O) O
e S
e 0
O O
=
©

33
LT
Q
)






A.Cesarini, F.Fucito, A.Lionetto, A.Morselli, P.Ullio, Astroparticle Physics, 21,267, 2004 [astro-ph/0305075]

= Illlllll I T TTTITI I T TTTITI I 1 Illll|| I T TTTII
=
= 102 t - thar
= b - bbar
= W-W
10 5
« tau - tau
S
)
- 1
=
o -1
>
— 10
2
10 E _
-3 n _|
4 F 0 ]
10 = seco_ndar?f T component —=
E (arbitrarily rescaled) =
-5 — -
10 E =
Z E WIMP mass=200GeV N
10 | ~
7k | | | | ;
10 | I A | I | I I A | I L1111l
2 -1 2
10 10 1 10 10 10
Ey (GeV)




ol 103 1 IIIIIIII | T TTTTI 1 Ill]l”l | IIIIIIII [ | EE
o
=
S 192
> b - bbar
S~
% 10
D
—
W 1
*
= -1
= 10
~“— —
(2] -
= 2 F
— 10 =
= - neutralino mass
o -3
t 10 §_
& -
j=b 4 E
= 10 = secondary T’ componen
.9..; = (arbitrarily rescaled)
S
& 10 =
6 -
10 =—
7 | | | -
10 1 1 it | L L IIill 1 1 it | I | LIl Ll
2 - 2
10 10" 1 10 10 10°
Ev (GeV)

(NeN 67 A.Cesarini, F.Fucito, A.Lionetto, A.Morselli, P.Ullio, Astroparticle Physics, 21,267-285, 2004 [astro-ph/0305075] [ 5]



Ha e Y 4Th Blr""hdﬂy Fe ‘MT‘J

11 June 2008
-

~ =

.




Fermi Elec'rron + Positron spectrum

‘\ I I I T T 11 | | T T 1T I | I T T 11 | | I | |
o : |
> E |
O i I
Q)
L
) s |
s
o
s 10°T g
T i = | AN B |
'i", [ —e— AMS 7(Agu:llar et al., 2002) ’ o N\J | N5
S o ~— HEAT (Du Vernois et al., 2001) NN\
; s —o— Koba yashl 1999 ‘\
OI:L] I ——— Fermi low-energy (PRELIMINARY') : |
——— Fermi high- ener y (PRELIMINARY) N\
i —*— ATIC (Chang et al 2008) ¥ I\
—e— H.E.S.S. (A aronian et al., 2009 | \
—=— H.E.S.S. (Aharonian et al., 2008) \
------- Pnle -Fermi diffusive modelI | \
1 10 107 11503
nergy (GeV)

Extended Energy Range (7 GeV - 1 TeV) One year statistics (8M evts) )
23 Fermi LAT Coll. Physical Review D, 82 092004 (2010) [arXiv: 1008.3999] _ ‘ﬁ




E ‘
90° longitude

events arriving from West:
e* allowed, e blocked

i R i e o
w 180° longitud e 0° longitude oy
180° longitude E - / | W

events arriving from East:
e allowed, e* blocked



I 1 Illllll I I lllllll 1

I —=— Fermi 2011 Positron Fraction |
—e— PAMELA 2010
—=— AMS 2007

——
S U o 4
= —=— HEAT 1997 |
E = ]
Lé 3 % -—-.—-c'_*+
S 107F A 5{3 | + 5
3 : —tr 3
O -

1
1

1 1 1 1 1 1 1 1 I | | | 1 1 | 1 1 l |

10
Energy (GeV)




1 0-22

—

lllllll | llllﬂl’l | |
/

/| Region Excludet
Region Excluded,/ by H.E £

-da

| lllllll

| lllllll

Pair Annihilation Cross-Section [cm’/s]
o

102" 2 £
; — Fermi Best Fit [ , ~1] :
C — PamelaBestFit [y, =1]| -

10-26 L1l I L Lol 1 L ]

100 1000
09) 140 [arXiv:0905.0636] Dark Matter Iiarticle Mass (GeV)

B
F




22

—

10

lllllll

Pair Annihilation Cross-Section [cm’/s]

llllll ]

-26 ]

Pamela + Fermi positrons

— Fermi Best Fit [, 1]

— Pamela Best Fit [, =1]

| lllllll | |

| lllllll

| lllllll

1000

09) 140 [arXiv:0905.0636] Dark Matter Particle Mass (GeV)
"' _——






What if we randomly vary the pulsar parameters

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

T T | T LELELILE | TT T T L T

¢ HEAT (2001)
L A BETS (2001)
O AMS-01 (2002)
| m ATIC-1,2 (2008)
% PPB-BETS (2008)
¥ HESS (2008)

| @ FERMI (2009) 3

®
o
'g 1021
(0] = .
g d | AHEAT 94+95
= BCAPRICE 94
L N
7/ i LN \\_
a5y x LR \\ OPAMELA 08
/ / R
10’ 10° 10° 10° 10’ 10?

E (GeV) E (GeV)




)‘ ‘
=3 -
o> '_/' ;
------------- ~-.“ "_3/.
b\ .
" -:\::P J'
SR e
-0
No-anisotropy map
90 95 100 105 110 115 120 125 130

Number of Events
£ B s

\\\\\\\\

70 80 90 100 110 120 130 140 150
Number of Events

For il o s 0

Significance map

-4.0 -3.2 -2.4 -1.6 -0.8 0.0 0.8 1.6 2.4 3.2 4.0
Significance (o)

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
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B/C ratio
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Search Strate

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
electrons!

" and
Anisotropies

Spectral lines:

No astrophysical Galaxy Extra-galactic:

uncertainties, good clusters: Large statistics, but

source id, but low astrophysics,galactic

statistics Low background but diffuse background

low statistics
@ Pre-launch sensitivities published in Baltz et al., 2008, JCAP 0807:013 [astro-ph/0806.291 1]
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bbar channel ISO Halo profile
— w/o background modeling
constrained free source fits
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Predicted dSph Limits for bb Channel
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Anisotropy constraints on dark matter

® angular power spectrum analysis of the large-scale
isotropic gamma-ray background (IGRB) yielded a
significant (>30) detection of angular power up to 10
GeV, lower significance power measured at 10-50 GeV

DATA (P6_V3 diffuse), 1.0-2.0 GeV

® measured (dimensionless) fluctuation angular power
consistent with a constant value in four energy bins
spanning 1-50 GeV

~7.0 — o -4.0 Log (Intensily [em™® s~ sr°'])

® fluctuation angular power measurement constrains
fractional contribution of individual source classes,
including DM, to the IGRB intensity

Constraints from best-fit constant fluctuation angular power (I = 150)
measured in the data and foreground-cleaned data

Source class Predicted Cioo/(I)* Maximum fraction of IGRB intensity
[sr] DATA DATA:CLEANED
Blazars 2x-107* 21% 19%
Star-forming galaxies 2x 1077 100% 100%
Extragalactic dark matter annihilation 1x10°° 95% 83%
Galactic dark matter annihilation 5x10°° 43% 37%
Millisecond pulsars 3x107% 1.7% 1.5%
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Error bars on LAT data points
include statistical and systematic
uncertamntes on the exposure
and the ressdual CR background
contamination
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;fm The Fermi LAT 2FGL Inner Galactic Region

August 4, 2008, to July 31, 2010 100 MeV to 100 GeV energy range
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SPCCTrum (E> 400 MeV, 7°x7° region centered on the
Galactic Center analyzed with binned likelihood analysis )
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Residual Emission for 15 * 15 degrees around the Galactic center

Galactic latitude (deg)
Galactic latitude (deg)

2 0 358 56 354
Galactic longitude (deg)

2 0 358 3s6 354
Galactic longitude (deg)

9 18 27 6 45 54 63 72 81 J 4 6 4 -2 000598 2 4 3 8

E - S - = - : 4 - I i i
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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Wimp lines search
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