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Index:

e deep investigation into DM distribution:

dynamical evolution of DM substructures
subhalo spatial mass function

* enhancement from subhalosin y and cosmic-ray signals

* |sthereachancetoidentify asingle DM clump?
the case of the unidentified EGRET source 3EG_J1835+5918

eV emission from galaxies:

the Draco dwarf spheroidal

the baryonic versus DM-luminosity of star-forming galaxies
M 31: the Andromeda galaxy




Substructures in galaxies and clusters of galaxies

Standard cosmological picture:

- Formation and evolution of structures
occur in a hierarchical framework;

DM halos arise from the gravitational
amplification of primeval fluctuations,
generated at the epoch of inflation
with a primordial power spectrum;

« halos are not smooth structureless
objects, but clumpy systems
characterized by the presence of a
wide population of subhalos.

“g "Millé;nﬁigm Simtlation’ %
410077696000 particles <

« WIMPSs scenario:
* Fluctuations are imposed for a




Dark matter distribution

1. cosmological approach: Cold Dark Matter halos achieve

the equilibrium density profile  (Navarro, Frenk & white, 1996;
Moore, Governato, Quinn, Stadel & Lake, 1998):

’ _ Po _ Py
cuspy: | Ouew(r) AT PTG Auodr) ATAAmER yO12
2. concordance approach it accounts for the observatlonal

")+




Dark matter concentration

1.  There is a strong correlation betweenc ;, and M
with larger concentrations found in lighter halos.

vir

2. Toy models: Zcollapse depends only
o on power spectrum

amplitude

C\,i (M Z) — K 1+ Zcollapse(Mvir)

1+2 Z. 1.0 depends
on both amplitude

Eke, Navarro & Steimetz, 2001 and slope

of power spectrum

- {Avir (Zcollapse) Qm(Z)J1/3£1+ Zcollapse (M vir )j

Avir (Z)Qm(zcollapse) 1+ y4




Dark matter concentration

Predictions versus numerical simulations:

_ II II II II II II II II II II II II II II II II II II II II |||
l z.= [

{FSZ]_

‘l' Colin =t al.
» v Ddi=tnand =t al.

Bullock =t

— Bullock =t al.
---- ENS

=T -5 3 3 5 i o 11 13 15
10 10 10 10 1 10 10 10 10 10 10 10

MI[h'Mg ]

Tasitziorai =t al.

(Colafrancesco, Profumo & Ullio, A&A 455, 21 (2006)




Dynamical evolution

Tidal stripping: the global tides from host halos strip the outer
part of subhalos, resulting either in total subhalo disruption or
in significant subhalo mass loss.

Dynamical friction: since subhalos reside in very dense




Dynamical evolution
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Dynamical evolution
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Dynamical evolution
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Dynamical evolution
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Dynamical evolution




Baryonic component

XX The predicted high central density of

ACDM halos appears to be
inconsistent with the observed rotation curves of galax les.

Self-treatment of baryons and DM components:

M, (<r)=mg, +4JT_[Or pbrzdr

E T |||||||I T |||||||| T |||||||| T |||||||| T |||||E
F MEW-nfw-Fullock i 1E
-1 I MEW-nfw-ES — 1 =10 R BT
Y F rmos-ros-Bullock gor =y
1,:,"“ B ]
:E -1 r"'“ E:
N |
10 E T _g
: ! E
10 4 I = FF/ -
- =T .- E
E D .~ Tidal radius,
E-.l"l. - et
i no baryons
-5 _u-‘- . -_..:I
n o gt
10" Fl
E - 12 -1
M, =10 M__h
:' =1un
ll:l = 1 |||||||I 1 |||||||| 1 |||||||| L |||||||| 1 L1
1w 1wt 1 10 1wt 1’

Galactocentric distance (Kpc)

S
&
=)

-

(KIypin, Znao & sommervine, 2001 for detalls)

,Ob = pnucleus+10bulge/bar +/0disk

1 E T 1 ||||||| T 1 ||||||| T 1 ||||||| T 1 |||||§
e
- - — m=1°1h

Tidal radius, ;,:/,M o >

baryons .

10 | =

- |:| lﬁrf"’gr E

2 - T

10 =

¥ 3

Ul =~*""‘j E!

............ :LQ _d_q_l."?' 3

. e 3

10 -

) e NEFve-nfw-Bullock 5

- ot e MEW-onfw-ENS .

1y T Samos-Bullock E

1w’ . - i

12 -1 E|

- M =107 M h 3

e sun .

1':' -8 I_ '.il 1 1 |||||| 1 1 1 |||||| 1 1 1 |||||I 1 L1 11111
1t 1 10 1wt 10°

Galactocentric distance (Kpe)




The subhalo spatial mass function

(Lee, 2004;
Oguri & Lee, 2004)

& Press & Schechter formalism \
/ extended Press & Schechter

Include spatial correletions

% formation epoch distribution
% comparison with numerical simulations

(Kitayama & Suto, 1996)

(De Lucia, 2004)
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Neutralino Dark Matter

From new WMAP and other cosmological data:

(Spergel & al., arXiv:astro-ph/0603449 (2006))

i — l i |i2 — i ‘ iiOD? i |i2 — iiiii0.0007

CDM Relic Density:

The lightest (X, = x = LSP) of MSSM
Is (some 10 GeV — some TeV),

(interacts weakly with ordinary matter)
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Supersymmetric models

MSSM models:

their action has seven free parameters:




mSUGRA models:

 Unify Higgs and scalar sector at the GUT scale
e Unify all trilinear couplings at the GUT scale
» Break radiatively the electroweak symmetry

e Under the assumption of universality at the GUT scale,

ELW GUT
I

— 700

Z v
S

g

F?]

their action has five free parameters:

o I




mSUGRA models:

» Unify Higgs and scalar sector at the GUT scale

e Unify all trilinear couplings at the GUT scale

» Break radiatively the electroweak symmetry

e Under the assumption of universality at the GUT scale,
mSUGRA regions:

Slepton coannihilations region

their action has five free parameters: (B coen)
A4, =0; mos My

Chargino coannihilations region
(focus point region):




Neutralino detectability

e Direct searches:
e Collider experiments;

e |Indirect searches:

<+ yrays (continuum, lines)




Signals enhancement from substructures

NFW, M0O5 (Diemand), Burkert profiles
Bullock, ENS concentration models
105 Fs: Cvir(msubhalo )/Cvir(Mhalo) _
/'a B I T TTT H‘ I T TTTT \‘ I T TTT H‘ I \E
= 100D\ MO5 -
3 g . E
2 1030 -
£ " NFW XX ( greatest enhag:em nts

g 10%L o -

pd ¢, (o atthe largest radii
- =~ 10 - AN R~
number density S L vir -
3 = =
Of Npairs due tO ZD. 1 = : ‘\* 3
subhalos 10 = E
. 2 AR . ]
as a function of 10 - | N,
Galactocentric 1L B.etal,E=2 S\
radius o4 Boet al., E=1 LN
< "ENS, KE=1 | "x_s\mooth%
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Signals enhancement from substructures

NFW profile
Bullock concentration model

— 104 Fs: Cvir(‘msubhalo‘ )/Cvir‘(Mhr‘;\Io)‘ SR
= - NFW ]

£ 10°- B.etal = [

= - ] P
subhalos-related = | i
enhancement ~ 0°- =
of N__;.s versus the = total i
ratio of the 2 ’
concentration
parameter of ? -
subhalos and halos e S hr R E
of equal mass - smooth ]

FSE |:lcsub. Ly |:lchalo Q



Gamma-ray fluxes

Smooth component:

SUSY MODELS:

MSSM, mSUGRA
WMAP constraints on <ov>
Accelerator constraints

ACDM COSMOLOGY:

*
*




Gamma-ray fluxes

Subhalo component:

SUSY MODELS:

MSSM, mSUGRA
WMAP constraints on <ov>
Accelerator constraints

ACDM COSMIOLOGY:

*
*



Gamma-ray signal

Two WIMP models with given
annihilation rate, dominant
annihilation final state intob b
and mass M, =50 GeV or
100 GeV;

NFW universal shape profile;

Fs = 2, as extrapolated with
the Bullock & al. prescription;

d, [ Gevim?stg™ ]

= = =
o o (@]
a [T TTTIT

=
o

=
(@

-10

10

-11

10

\\HHH‘ T \HHH‘ T \HHH"\ \HHH‘ T HH‘ [T TTT

EGRET (70 < b < 90°)

smooth -~
MX = 50 GeV- =

M, = 100 GeV =

[EEN

10



Fluxes from antiprotons and positrons

Source function:

) dN,
Qp,e+ (E’ )_{) = % (O-annv)Lp:fn(X)J Z Bf dE

X f
Plug into diffusion equaton:

a (Bergstrom & al., ApJ 526, 215B (1999) )

N, (E, %) = O[D(R, X)ON,, (E, X)| - O QU(X)N, (E, X)) - p(E, RN, (E, %) + Q, (E, %) = 0

at




Antiproton signal

Two WIMP models with given
annihilation rate, dominant
annihilation final state into

b band mass M, =50 GeV
or 100 GeV,

NFW universal shape profile;

Fs = 2, as extrapolated with
the Bullock & al. prescription;

all fluxes displayed are solar

modulated and data taken at
the corresponding phase of
the solar cycle are plotted.

- [ Geviem?st g™

=
o

=
o

=
o

10

10

A BESS 2000
. =1.340 GV

_______
-

—————

“\\ Sgn + Bkg

L

-3 )
-4 RS
:. M = \“.\ \) \‘ .
i ' V%// -
- M_ =100 Ge SN 4
-5 X A \‘ \‘
I \\‘ I \\‘ \ ‘J\ h I\ V|
-1
10 1 10

10




Positron signal

Two WIMP models with given

annihilation rate, dominant — 10 ¢ — s

annihilation final state into b b ' - + HEAT 94-95

— 1 = e Caprice 94 __

and mass MX =50 GeV or o = MASS-91 3

100 GeV; € 107t .= 0.490 GV

. . R :

NFW universal shape profile; O 10 & =

+, ]

Fs = 2, as extrapolated with the | | € *° = E

Bullock & al. prescription; T ]

all fluxes displayed are solar 10 5* M = !

mOdUIated and data taken at _6 E | I O W ‘ X | I O W ‘ \p\ “‘\ \“\ I \E
the corresponding phase of the R . o 0

solar cycle are plotted. T+[GeV]
e




Discussion and predictions
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Discussion and predictions

103 T ‘ \A

NFW

=3
Enhancement of the §
antiproton, positron and et
gamma-ray flux;

Bullock et al.

NFW universal profile;

in subhalos: concentration
parameter is larger by 10
factor Fs than in
progenitor halos of same
mass (Bullock & al.).




EGRET unidentified sources as
dark matter clumps?

Selection over the Third EGRET Catalog:

1. ‘A’ (AGN), ‘a’ (possible AGN), ‘S’ (SF): filtered out
2. |b] =15°

3. Steady source

3EG 1835+5918




Is there any chance to identify a single DM clump?
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The MAGIC Telescope




The MAGIC Telescope

Integral flux sensitivity for dN/dE o E 4 point-like source, 6 = 0 to 30°

50hours’5g
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The MAGIC Telescope




Standard MAGIC data analysis

First run selection: Calibration Second run selection:
— correct working of the trigger system Image cleaning — high rate

— good atmospheric conditions : — camera homogeneity

— no technical problems Hillas paramaters — good quality data

— sufficient quantity of events Gamma (ike

EEEEEEE

Gamma-hadron separation:
= supercuts
— Random Forests

HADRONNESS

Source position reconstruction:
— source dependent analysis _(




The Crab Nebula

Compatlblllty of data:
Period 25: zenith angle

2.5 hours ON between 3 and 4 January, 2005 - ev?jnt ralte
2.6 hours OFF between 7 and 8 January, 2005 ~ pedestal RMS

— PSF
— inhomogeneity
Calibration with _Spline extractor Random Forest training:
Image cleaning: Absolute 10:5 — SIZE, WIDTH, LENGHT, CONC, CONC7, M3LONG
[ Crab Jargoos | [mwen toms] [ Excessewents s a-PLOT

Emxaxx wantx: 0172+ 020
Sgnifcao: 10™

m H rk B T )

MOFF: 1704 3+ -0, 4

LE (Helmrm}: 7PE XY

L {Fclm %y mr ) THADY wdx
LL (Folk:w MMzt wrrl: 10308 webx
Pelied GITS:

BERdrEN tH ECTHI [1nam]

Hedrone=x < 010

IErpoinbng < 0.0

T T I T R TR T 0 10 3 = 90 W Mm@ 70 @ a@o “rawdad dmamicd DIET cut

kel 1] bl 17]
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The Crab Nebula

Compatibility of data:

Period 25: — zenith angle
2.5 hours ON between 3 and 4 January, 2005 — eventrate
2.6 hours OFF between 7 and 8 January, 2005 - geSdFeSta' RMS
— inhomogeneity
Calibration with __Spline_extractor Random Forest training:
Image cleaning: Absolute 10:5 — SIZE, WIDTH, LENGHT, CONC, CONC7, M3LONG

62 PLOT

| Crab Jamo0s | | Entle= E"“:'l | Excess erents Source: Crab Jana0s
fadk
E Ermx wmntx: 7.0+ 038
Sgnifcanoe: 0.3
Ha= MOH: 17H.+ A1 7
% MOFF: 1341.0+-1.0

LL(Helurm}: =AM

LL{Foke % rpd mr ) EI7- 1Y wdx
L [Pk XMz vy wrrl: 120000 mvix
Ppeied QTS

BERdY EM =B ECTHD [1=nam]
Hadrenmer < 0.10

ixp Hedrenexx < 010
Maponhng=< 0.0

= d

uﬂ 0l 01 01302 03 03 03 09 0493 03 0 0@ 01 0713 02 033 03 033 09 0493 03 Srandad dmamicd DIET cuk

&1 & |1

=M, e aE 0, P 01
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CRAB SKYMAP in ENERGY bins
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Differential Gamma Energy Spectrum

-2 hd
power |aw
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3EG_91835+5918

Between May and June, 2006: Calibration with __Digital Filter _extractor
30 hours ON Image cleaning: Absolute 7:5
5 hours OFF

Strong camera inhomogeneity:

[Centerod grawity | === f | Cenderod gravity | [mien mam]l | Pl s lo e O (s and o FF ) |
! 1.5 - = 2mn
i .

oo

250

200

B ' ]

; 5 2
4.5 i o { | dso

100

MAGIC Collaboration
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3EG_91835+5918

Between May and June, 2006: Calibration with __Digital Filter _extractor
30 hours ON Image cleaning: Absolute 7:5
5 hours OFF

Strong camera inhomogeneity:

b il R) | oFEdan | | LT FFiinif : R T o PR ke CPF () |
e T e lssnu i
o o

-0

200

—————————

MAGIC Collaboration
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HINT OF AN ECCESS: a — PLOT, 62— PLOT (120-300 GeV, 30-36 ZA)
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HINT OF AN ECCESS: a — PLOT, 62— PLOT (120-300 GeV, 30-36 ZA)

TECTETs
| ]

Excass evants
T T

- '

m i i

oo
§

ey

1
A e
sl g .

MAGIC Collaboration



3EG_J1835+5918 SKYMAP with DISP
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The Draco dwarf galaxy

MAIN PROPERTIES OF DRACO:

Ty pe dED pec., dwarf
Right Ascension 17h 2p 1
Dieclination 5T% 55
Di=tance B0 kpe
Apparent Magnitude  40.9

Apparent Dimension 517317

Outlook for MAGIC observations:

northern emisphere location

had = . 0 —
ZA~29° - E, ~100 GeV i (E>E;)=6100" ¢, . cm s sr
Background:
9 (E>E,)=30007" 0 cm s tsrt
dQ 1GeV
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The baryonic vs dark matter luminosity
of star-forming galaxies

+ In a given galaxy, the higher the gas mass, the highe r the star formation rate
(SFR), the more frequent the supernova explosions, h  ence the more intense
the TeV emission.

4+ Reversing the argument, TeV emission gauges SFR.




The baryonic vs dark matter luminosity
of star-forming galaxies

+ In a given galaxy, the higher the gas mass, the highe r the star formation rate
(SFR), the more frequent the supernova explosions, h  ence the more intense
the TeV emission.

4+ Reversing the argument, TeV emission gauges SFR.

+ A complete sample of sources.
+ Collective photon luminosity: L™, ,, 1oy = 2.4 - 103 ph s-L.
Extrapolation to a thin exponential disk: o(R) O eRRd, with R, = 2.25 kpc:

L™P, 00 1ey = 4.27 - 103 ph s-1;

L™P, 05 1oy (E) ~ 6.3 - 10%° (e/TeV)?4 ph s-1 TeV-t (1)




TeV point sources as CR accelerators:
N

Baryonic luminosity

-24 1+
£ L 7 _
q);F(,).ZTeV(g) = 63&035(@) Eémm) phs ' Tev™

-11 -
£ U M . 1 _
9as — o211 —=— __“CR _I—9 | 18 hst
= Tevj [Echsz[El(?MsunJ[E4.4lO‘3ergs'l) o

Non-baryonic luminosity




MAIN PROPERTIES OF ANDROMEDA:

Type sh

Right Ascension oo 42.7m
Declination 417 16
Zenith distance at culmination 137
Distance TOO-889 kpe
Radius 33.7 kpe
Redshift —(1.001
Apparent magnitude +3.4
Absolute magnitude —21.4

Total mass 1.2 1012 M.
Mass/Luminosity ratio 12 -1
Apparent Dimension 3.27 - 107




First observation by HEGRA:
— 20.1 hours

— ZA<25°
— no excess of signal over a few percent of Crab

!

— upperlimits _at 1 TeV: 0.033 CU (center),
0.3 CU (outer)

A new observation with MAGIC ?
— 30 hours

— 0°<ZA<30°

— new upper limits (5 0):

E>1TeV: 0.029CU=5.2-101 phcm-—?st
E > 200 GeV: 0.022 CU =5.2:1012 phcm2s-t




TeV dark matter
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Optical radius: R, = 3R,

_ pure wino
— pure higgsin

—

optimal
rejection of

baryonic
background
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=
7
=
w
=
-l
[
=
=
Rl

low density
matter’ . 0 TeY point sources
both baryonic . TeV diffuse
and dark

possibility

to infer
existence
of subhalos
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Conelyusions:

An enhancement of morethan one order of magnitude in.gamma-ra
signhal isfound when considering a morerealistic DM distribution.

Theunidentified EGRET source 3EG_J1835+5918 asa DM clump?
Very low probability!

Awnd leoking o Bhe fubure...







