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DM-induced electromagnetic signals

Criteria:

DM signal as bright as
possible
(large DM content + short
distance)

Standard cosmic-ray
emission as faint as
possible

Spafial feafures

Good experimental
coverage

Regis Marco (University of Torino and INFN)




Computatiov

SOURCE FUNCTION

2 T -
Annihilafing  Ha (. BY — (5 0 p(r)” dN; E Decaying 4 . p(r) dN;
o @ (1 E) = (0a) 2 M2 PToa om @i E)=Ta M, dE (E)
EMISSIVITY
Prompt j(E, r)= Q,(E r)E fransporf
M equafion
Radiative jiv,r)=2| "dEP,r E v)n,(r, E) Q, > N,

m,

sl
MEASURED S (v, 6, Bﬂr) _ fdﬂ,r exp( tan’6 ) dff-(lf, N g)
lLo.s.

INTENSITY 2tan’,
dfj-(lf, A 9) — —{I{(F, s, é)f{(p, s, é) 4+ ‘]!:(I.f, A 9)
4T

ds T

absorption: if negligible »  dI(v, s, 8) = dsj;(v, s, 0)/(47)
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J—Ttactor

Ball-park of expected J-factors
2 !
for the different targets / { / P (T)dl}dg
(for a solid angle 1. Dwarf Spheroidal Galaxies Jae - ]‘”"“‘v y
corresponding to 1 deg) e Draco, J ~ 10" GeV?/em® JHactor
e Ursa Minor, J ~ 10" GeV?*/cm®
e Segue, J ~ 10*° GeV?*/cm®
2 2. Local Milky-Way-like galaxies
8 e M31, J ~ 10% GPV?/CIHS
%
E 3. Local clusters of galaxies
5 e Fornax, J ~ 10 GeV?2/cm®
5 e Coma, J ~ 10'7 GeV?/cm® + substructure
i_ e Bullet, J ~ 10* G(.‘.Vz/(:mﬁ’ boost
£
£ 4. Galactic center
s e 0.1°: J ~ 10%2 ... 10*® GeV?/cm®

o 1°: J ~ 10?2 ... 10** GeV?/cm®
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Galactic Cenfer

PROS: the Galactic Center (GC) is one of the prime fargets in WIMP
indirect searches, given the large DM overdensity

predicted by N-body numerical simulations of galaxy formation.

Springel et al., 2008

full box

=
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Galactic Cenfer
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DM-induced electromagnetic signals
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— cuspy profile
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Galactic Center

CONS:
- Clean disentanglement of a DM signal from asfrophysical emissions is rather complicated.
- Uncertain DM profile and description of propagation.

Effects of baryons Erase the cusp? (e.g. Governato ef al., 2009)
are nof included in or
N-body simulations: Adiabatic contraction due fo the supermassive BH? (e.g., Gondolo&Silk, 1999)

Which ingredients in the transport equation?

19 [,,0f], 0f 19 o 0f 1
_B _E

o | E dr S?EE{TT)FS_;}

ai(pp f) = q(r,p)
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Galactic Center

First of all: what is the GC scale?
And what angular sizes can observations probe?

Intensity [a.u.]

1
|
|
<20 Ml ool ool ol 1

IIIIILLIl 1 IIII.LlLl IIlJILI.II

Intensity [a.u.]

10
10° 10" 100 100 10" 10
0 [arcsec]

ISAPP 2014, Belgirate, July 2014

10

1

107

IIIlLllI] L1
2

10" 10
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Galactic Center

Wide-Field Radio Image of the

AN g g The nucleus of our ,H.ES.S.(G0.9+0.1 & GC)

-
Ser D SNR Y

Galaxy is a very rich
//;,\ ‘ e300 system (“sfarburst-like”),
with higher supernova
rates, sfronger magnetfic
fields, more intense
radiafion fields, and
e larger amounts of dense
molecular gas than in the

Galactic disk.

. DBGO-58 * © ., Xeray lﬂl‘read

. : 3 Arches
~ $NRO0.9:0.1 . i o c""l“e’ - : B -
’ Sagittarius' B2 ~° il 1743 - 2843 " -Sagittar.ius A N ; .
2 - 1E 1740.7-2942

[ - g T 3 Sagittarius C

Sagittarius B1

.- coldGas.Cloud * R - : ' :
&%, &Radio Arc i : < ~ DBO1-42.

. |
h image of the Galachc center. Credlt NASA/UMass/D Wang et al. ‘S

Aharonian, et al. (2006)
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Galactic Center

Let's start with the innermost region ~ 10 pc ~ few arcmin

Sgr A is a complex radio source
composed by:

SAGITTARIUS A

EXTENDED EMISSION
Sgr A East: supernova remnant

SGR A WEsT

Sgr A West: spiral structure

STRONG POINT SOURCE

*
Sgr A™: compact source associated to the

supermassive black hole locafred af the GC
M. =3 10°M
BH sun

SIZE: < 0.1 mas radio
~ 0.6 arcsec  X-ray

CHANDRA image:NASA/G.Garmire (PSU)/F.Baganoff (MIT)
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Galactic Cenfer

STRONG POINT SOURCE detected at different wavelength.
Spectrum and size incompatible with a DM interpretation,

but constraining.

MR and Ullio, PRD 2008 _ MR and Ullio, PRD 2008
10 F
EGRET () .
J1746-2851 E 107>
—
CF
=i G ™ E -9“5
e e E © 50’
S e = c
=2 s - 3 —
E % lol -g Narayan et al l’i E
= @ e T CHANDRA < 10'35
E S 5
10" _ E
E-T hidden by 3
= Galactic dust E 107
17 Cood ol vood vond voond ool vovod sl sod ol ool ool o vl v vod ol voosd ol ol 3l
10 ¢ 10 12 14 16 18 20 22 24 24 28 Mx [GeV]
10 10 10 10 10 10 10 10 10 10 10
v [Hz] DM mass [GeV]

Frequency
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Galactic Cenfer

On larger scales ~ 100 pc ~ 1 deg

The supermassive BH may ultimately be responsible for powering many of the high-
energy phenomena seen around the GC region

LaRosa et al., 2005

Hil: RCWh 31
™

Hil; RCW132

_22 . . _Grocker et al., 2010

GBT
330 MHz

10.0 10.5 11.0 15 12.0 125

= . Lo [m)(]
J eV
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Galactic Cenfer

Total Flux Residual Model (x3)
10.0 x 104
% 2.5° 8.0
= 6.0
— 00 .
L 4.0 Right panel:
e -2.5° 2.0 .
S residual maps after
0.0
y subtracting the best-fif
7.5x10
E 2.5¢ 6.0 Galactic diffuse model, 20
S s cm template, poinf sources,
o 3.0 d . . |
S .2.5° - and isofropic femplafe
- 00 (Daylan et al., 2014)
20.0 x 1073
> 250 16.0
g - 12.0
\CIJ 8.0
2.5 4.0
0.0

2.5° 0® -2.5° 2.5° o* -2.5°
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Galactic Cenfer

On ~ 1 kpc scale ~ few degrees

ov=17x107% em®/s x [(0.3GeV/em®)/pioca]®

. - A spherical
301076 - % NFW, y=1.26 '% spatially extended
M =35.25 GeV |5 (on about 10
5 0.10~6 bb 1% degrees) excess
e

of ~ 1-3 GeV
gamma-rays has

10-6 | '
1.0-10 h been claimed.

s s s o s s e EE s e s s

E? dN/dE (GeV/cm?/s/sr)

b < 5°, |I] < 5°
P PR | ; ; | |

0.5 1.0 IE.D | IIIG.D
E, (GeV)

~1.0-10"6
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Galactic Cenfer

DATA-MODEL (diffuse+sources) »

FERMI’S VIEW OF THE INNER

<

6 =

GALAXY (15°X15° REGION) S

Fermi LAT preliminary results with 32 months of data, E>1 GeV (P7CLEAN_V6, FRONT): ‘) ff:
DATA DATA-MODEL (diffuse) | =

[\

2

N

Galactic latitude (deg)
=

2FGL J1745.6-2858

LAT PSR J1732-3131

Galactic latitude (deg)
-]

Galactic latitude (deg)
L

g 4 2 o ) 36

Galactic longitude (deg)

354

s ase

L] 4 56 354

2 0 358 2 0 358
Galactic longitude (deg) Galactic longitude (deg)

L] L] a3 2 00098 2 4 6 ]

9 18 F 14 36 45 54 63 72 81 1= 26 a4 42 50 58 (23

) Galactic diffuse emission model: all sky GALPROP model tuned to the inner galaxy SOUrCe confusion and uncertain

= Bright excesses after subtracting diffuse emission model are consistent with known sources.

diffuse emission modeling

Petrovic et al., 2014:
Inverse Compton emission from high-energy electrons injected in a burst event of ~ 10°?-10> erg roughly O(10°) years ago.

Carlson and Profumo, 2014:
n° decay of cosmic ray profons injected by SN remnants in episodes O(10°) years ago
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Homework exercise

Take the model of slide 59,

Compute the synchrotron emission at 330 MHz.

Approximafions:
- dN /dE ~ A x® e™

- no spafial diffusion

- monochromatic description of synchrotron

Compare with image of slide 57 (LaRosa et al., 2005).
Can you match the emission?

What kind of magnetic field you need?
If you want to go further, look also af the spectrum of the radio emission (e.g., Crocker ef al., 2010)
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Line aT The a6C
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DM-induced electromagnetic signals

1:’-&-“_..:1“!!1 TESFIE_ ¥ -
_______ = -EI‘!!!EH}E_' - - -
~——— S eaiil:
- Heg2

A 1'!;_1!11 5,53 vE0
‘I%iﬂii r]H
=235
y =251

I
il

E [GeV]

1
LK

I
201

2102 dvor “1ebiuspy

Signal to noise ratio
in each pixel:

= pi/ /¢

L=expected evenfs

ci=observed events

Optimal target region
T, which maximizes:

.*,E'T Hi

© e

The significance of the excess
found in this work is 3.2¢
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Line aT The a6C

P.og_,% U LTP. 1CLE 11\} E = l‘?‘} h Go‘-.f

mye Signdl counts: 53.4 ['.Eimj H[] 5 - ?[]H 5 Go‘-.f

a5 | p-value=0.85, y.,=14.3/21 Region which ]
enhances S/N for an

30 - l Einasto profile y

2102 dvOr “1ebiuspy

Counts

Counts - Model

100 150 200
E [GeV]

Challenging large annihilation rate:  (00)yy—sv~y = (1.27 £ 0. 52+H E,i) x 10727 cm? s~

Puzzling, but good for theoreticians!
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Line aT The a6C

i lferlmil-l_lA'IF Collaborafion, 2q13

T oqyes UL | T T '
£ 10 3.7 year R16 Einasto Profile ,
E - Observed Upper Limit Re-analysis and careful
= 107 — Expecieg Iéggfltc ntainment .
5 Expectod 95% Containment , evaluation of systematic effects

—— Weniger [20] Limit

by the Fermi-LAT team.

Fermi-LAT Collaboration, 2013
(c) P7 _REP_CLEANR3 2D E = 133.0 GeV
Ngg = 17.8 evts n,, = 276.2 evts

Rge = 3°

m, (GeV)

Still non-negligible local

Events /5.0 GeV
3

significance, that cannot be
explained in terms of known

systematic effects.

Resid. (o)

0

0

4 }

2r 4
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4
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Line aT The a6C

Fermi-LAT Collaboration, 2013
L I L] L) L] T I L} T L} L} I L] L L L~

rprrrr|rrrr|rort

© - i
Ny °F 1000 MC Realizations -
0}%& E — 198 Independent Trials
4L Global significance of the
aF excess is only 1.5¢
2
1=
052 25 3 35 4 25 B

SmEK(G)

Other issues:

Suspicious excess of similar significance af the same energy in a subset of Earth's limb data (Finkbeiner
et al., 2012), although cannot probably entirely explain the GC line.

Signal appears offset from the (dynamical) GC by ~ 1.5 deg (Su&Finkbeiner, 2012)

Befter assessment of systematics and more stafistics with PASS8 from the Fermi-LAT
Collaboration and with forthcoming ftelescopes (HESS-Il, GAMMA-400, CTA).
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