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General introduction:
Dark Matter (DM) candidates, detection methods, hints (?)

Indirect DM searches (on the aGalactic scale):
gamma-rays and antimatter (short focus on the PAMELA soap)

The imporTance ot astrophysical backgrounds
The case of cosmic-ray electrons and positrons

Conclusion, perspectives
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Dark Matter: from gravitational hints to candidates

Dark matter seeds structure formation, and still
dominates the gravitational potential down to the dwarf &
galaxy scale.

[Modified gravity hardly forms structures without DM]
CMB (WMAP) + LSS + SNelA Galaxy rotation curves

+++ Hot DM excluded

+++ CDM (or/and WDM) favored
--- issues: cusps, power in small scales S TSR oAty
(role of baryons ?) also says ...
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Dark Matter: from gravitational hints to candidates

Dark matter seeds structure formation, and still
dominates the gravitational potential down to the dwarf &
galaxy scale.

[Modified gravity hardly forms structures without DM]
CMB (WMAP) + LSS + SNelA Galaxy rotation curves

What does particle physics say about DM ?

Motivations

Framework & Peccei-Quinn RH-neu.trinos 3 e SUSY, Xdim, IDM ++ Neutral fermion
Candidate(s) ++ axion ++ TSIgRICRRring jgF ++ LWP ++ or scalar ++
++ Asymmetric DM ++ (lightest whatever particle)
Additional benefits Leptogenesis + solve e.g.: GUT, inflation

small scale issues

Detection:
colliders/direct/indirect/other

N/N/Y/Y Y/N/XYIY Y/Y/Y/N Y/Y/Y/N
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Other hints ? (not necessarily implying DM)
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% 511 keV emission from the GC

3 Knodlseder et al 05, Weidenspointner et al 08
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SR Spatial association with X-binaries, but
Direct detection: positron production rate and transport issues.

DAMA oscillation (Bernabei et al), large significance.

Oscillation not yet detected by others. MeV dark matter ? Boehm et al 04
Few events in other experiments (CDMS and Cogent), [~1 MeV mass]

though with poor significance ... lot of excitement ;-)
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Positron fraction

m_ (GeVic")
100

Aaltest et al 10 (gent) ' Energy (GeV)
see also Ahmed et al 09 (CDMS) .
Theoretical prediction: eg Bottino et al 10, Ling et al 10 Local positron excess measured by PAMELA

Interpretation issues: Kopp et al 10 (Adriani et al 08)
[~10 GeV mass] Astrophysical sources or dark matter ???
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Other hints ? (not necessarily implying DM)
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spatial association with X-binaries, but
Direct detection: ositron production rate and transport issues.

DAMA oscillation (Bernabei et al), large significance.

Oscillation not yet detected by others. eV dark matter ? Boehm et al 04

Few events in other experiments (CDMS and Cogent), [~1 MeV mass]

though with poor significance ... lot of excitement ;-) -
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Aaltest et al 10 (Cogent) ' Energy (Ge\::;g
see also Ahmed et al 09 (CDMS)
Theoretical prediction: eg Bottino et al 10, Ling et al 10 Local positron excess measured by PAMELA
Interpretation issues: Kopp et al 10 (Adriani et al 08)
[~10 GeV mass] Astrophysical sources or dark matter ?7?

— > > C— m — [> 100 GeV mass]



Dark matter annifilation as Galactic cosmic ray factory
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Main arguments:

* Annihilation final states lead to: gamma-rays + antimatter

e y-rays : lines, spatial + spectral distribution of signals vs bg
* Antimatter cosmic rays: secondary, therefore low bg

* DM-induced antimatter has specific spectral properties

* Do we control the backgrounds?
* Antiprotons are secondaries, not necessarily positrons
* Do the natural DM particle models provide clean signatures?
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Back ground production in the Galaxy:

interaction of cosmic rays with the interstellar gas

Milky Way Center Geminga

Pulsar \
l .
> ! Nynw*?“’n 4 - '
f Crab " '
Vela Pulsar Pulsar
-
p
Blazar 3C454.3
B o s
P

Fermi map (gamma-rays) versus NRAO map (21 cm):
Galactic diffuse gamma-rays and antimatter CRs have the same origin ——
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Indirect searches with gamma rays
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Y -rays: a direct probe of the DM distribution

» :Aquarius-project ; -
~ (Springetetal]

Nbody-simulations allows predictions accounting for the details
of the DM distribution: subhalos, tidal streams. Early attempts
by Stoehr et al 04, Diemand et al 06-07.

; Aquarius project: Springel et al 08
Horizon framework (Teyssier 04): Athanassoula et al 08

Predictions: usual WIMP models difficult to detect except for
(1) specific DM features (nearby , cusp in the GC)
(1) specific spectral features (lines, heavy masses)
(111) spatial-dependence of S/N: to improve !
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Y -rays: theoretical uncertainties

Different simulations give different results, eg:

* Via Lactea II (Diemand et al 08) Amonyg differences:

* Aquarius (Springel et al 08) subhalo properties!
Analytical & MC study of Aquarius
VLII and Aquarius e

Pieri, Lavalle, Bertone & Branchini 09

DM density Flux: smooth wins against clumps

—  total on small 1, but loses on large |
- smooth

- subhalos
tidal disr. Bergstrom et al 99

"E Density profiles

— Via Lactea ll

—— Aquarius

Via Lactea I1

60 90/0 30 60 90

latitude b (deg)

Predictions (Fermi 5 yrs):

(1) signal from GC provided understanding of Bg
(i1) few (~ 5) observable subhalos
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Y -rays: the advent of Fermi

Milky Way (amazingly close to CR models' predictions!): Other targets:
Diffuse Galactic emission: S
* New Fermi data (Abdo et al 09) * Subhalos (this requires luck and time)
* Consistent with CR models (within theoretical unc). * Dwarf spheroidals (limits from Fermi)
Diffuse EGB: * Galaxy clusters (limits from Fermi)
* Beware of Galactic CR model subtraction! => Cusps are crucial features

* Seems to be saturated by the AGN component
* Subhalo issue ! (full + anisotropy)

Galactic center: * The role of baryons on DM distribution
* Fermi data available, features observed (Finkbeiner et al) * The cosmic ray background in targets
* Astrophysical bg issue: Galprop fails => CR physics + ISM + ISRF (ICM + ICRF) !!!

* Interpretation in terms of DM premature

Dwart galaxies: Abdo et al 10

DiffudeliC; saniiiras lusters: Ackermann et al 10

Abazajian et al 10

WIMP Mass [GeV]

my,, (GeV)




Y -rays: status and perspectives

Targets for discovery: Targets for limits:
* Gamma-ray lines [or X-ray lines for sterile neutrinos] +++ Diffuse Gal and EGal emissions
* Nearby dwarf galaxies (e.g. Draco) (limited knowledge of CR physics)
* Subhalos

* Galactic center (??7?)
* [HE neutrinos from the Sun]

Delahaye et al 11

Lavalle (2010)

Prospect for y-ray detection
A = 10° m? (HESS-CTA-like)

B,cc = 0.05 , 100 hr, thr = 50 GeV
Dpg(> thr) = 1.7 107 [em? s sr]]
xx — bb (100 GeV)

<o v> = 3 10%cm’ls

Prospect for y-ray detection
A = 1 m® (Fermi-like)
0,00 = 0.05 , 5 yr, thr = 1 GeV
DBpg(> thr) = 4.1 107 [em” s sr]”"

— bb (100 Ge *
fﬁ v> = 3(10'251:"‘[’:[5 -
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Iogm(Mass [/ solar units)

* Draco

2 25 3
Iogm(dikpc)

Beware of theoretical and observational uncertainties!
Above:
HI, Galprop map versus Pohl et al map

Prospects for HESS/Fermi/CTA
(Lavalle, in prep.)
=> at the border of sensitivity !!!

Issues (short-term solvable):
DM: impact of baryons, subhalos (survival, etc)
Cosmic rays propagation and sources + ISM + ISRF + B-field
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Indirect searches with antimatter cosmic rays
(focus on the PAMELA excess)



‘Propagation of Galactic cosmic rays:
The standard picture

408 MHz all-sky map

From Haslam et al data (1982)
In the GeV-TeV energy range, electrons lose energy quickly as they propagate, protons do not
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‘Propagation of Galactic cosmic rays:
The standard picture

Propagation scale vs fraction of injected energy

Tin,

ignetic turbulences
nement)

"r.
s

+
+
L

___________________________________________________

e*" diffusion length N
Astrophysical CR s Eg=17TeV field + Magnetic field
Eg = 0.1 TeV A

Eq =0.01 TeV

------ Kigin Nishina

ﬂ-! n—: ﬂ-l
“fraction of inie::ted energy Ea'E;

From Haslam et al data (1982)
In the GeV-TeV energy range, electrons lose energy quickly as they propagate, protons do not
Electron energy loss rate «c E* (Compton, synchrotron processes)
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Current measurements of e's and €''s

e and e e*/(e* + ¢) PAMELA (e + e) HESS and Fermi
data compilation Adriani et al (2009) Aharonian et al (2009)
Abdo et al (2009)

Do we understand all of these measurements ¢
(positron excess, spectral features)
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Secondary back grounds: CRs interaction with ISM

— Don't forget theoretical uncertainties!

de

Antiprotons
Donato et al 01, 09
Bringmann & Salati 07

1 TS [GeV] 10

Secondary bg:
antiprotons fit,
positrons do not

Flux at the Earth

Fraction at the Earth

Fropagation (KN E loss) POSitronS g
han Moskalenko & Strong 98 ]
MED ‘ropagation (KN E loss)
Delahaye et al 09 =

— MED

Full allowesd Lavalle 10 * —  MAX

M550




Dark Matter annihilation:
generic predictions for positrons

Lavalle, Nezri, Ling et al (2008) — using a Horizon MW-like Galaxy

BESS 85-97

FPositron flux ~ ;cances  =rAntiproton flux :sess

3 + HEAT @4-85
P * BESS 99

.y’""‘ﬁt‘rﬂ“:gu:# \ « AMS 01 BESS 00

- background 4 BESS 02

. & AMS 04
R | background

Susy candidates:
positron (left) — antiproton (right)

SUSY Dark Matter candidates -
— light-1 m, = 10 GaV

sy
w1 SUSY Dark Matter candidates

light-1 m, = 10 GeV

dipfelT [em>.sr.s1.GeV

Minal

-.- 5P53 aeV

SPS4 m, =253 GeV

(see e* study in eg Baltz & Edsjo 98
(pbars in eg Chardonnet et al 96,
Bottino et al 98)

CAPRICE 94
* HEAT 0495
= AMS 1

Non-Susy candidates (KK, etc):
positron (left) — antiproton (right)

Norn-SUSY Dark Matter candidates
3f — KK-1 my =50 GeV

aidT [em2.sristGeV ]

Xdim, etcz':l
R

102 10°

T [GeV]

Most motivated thermal models (SUSY, X-dim, LH, IDM) are
usually not predicted observable in the antimatter spectrum.
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Dark Matter annihilation:
generic predictions for positrons

T rrrrrrmn | I T 11111 | IIIIIII| | IIIIIII|
Positron flux

Boost to get ~ 5 « dpg at ~100 Gel:

CAPRICE 94
& HEAT 94-95

WIMP mass 100 GeV 500 GeV 1 TeV
final state

ete~ 10 100 350
W+ - a0 500 1000

b 500 1000

_.-"-.-.-.-.-.- .'..
7100 Gev |7

P

\ The signal must be boosted:
-

II 1000 GeV

500 GeV

—
=
L=

(i) boost the cross section
— contrived scenarios (% of
published papers) ~ excluded by

antiprotons
(see e.g. Cirelli et al 08, Donato et al 09)
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=
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E™""dp/dE [em™.GeV s s

e trom WIMPs
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(ii) play with the propagation

10° parameters

FE R F R R N N Lt o

e o

-"I'1'.;IIIIII| ] IIIIIII| | IIIIIII| | Il.illlll soe .
e 1 " 0 (iii) consider extra-sources

10
E [GeV] Lavalle 09 (subhalos, IMBHs)




Boost: Play with propagation
Delahaye et al (2008)

B/C best fit
M1 flux
M2 flux

uncer. band

—
e,
w
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|
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o
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=
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=
[=F]
]
+,
]
=

bb channel

Direct production

E- NFW Halo profile (1= 20 kpe)
v = 2.1 » 10_25 cmg s_l ]
my, = 500 GeV :

Increasing L implies more DM in the
diffusion zone.

F? D+ [GeV em 25! sr_l]

EWYW™ channel F 1"1 channel

-II 1 1 IIIIIII 1 1 IIIIIII L i IIII- 1 L IIIIIII L 1 IIIIIII 1 Ll Ll .

0 ol 7 0! e Very large effect on antiproton, but not
Positron energy [GeV] Positron energy [GeV] on pOSitI'Ol'lS since energy losses

dominate at high energy (short range).




Dark matter inhomogeneities wandering around ?

CLUMPY COLD DARK MATTER

JosEPH SILK
Departments of Astronomy and Physics, and Center for Particle Astrophysics, University of California, Berkeley, CA 94720

AND
ALBERT STEBBINS
NASA/Fermilab Astro ics Center, Fermi i Accelerator Laboratory, Batavia, IL 60510
R 1992 March 23 accepted 1992 December 6

cores in globular clusters, and in galactic nuclei. The enhanced annihilation rate in clumps can lead to a sig-
nificant contribution to the diffuse y-ray background, as well as emission from the Galactic center. Results
from terrestrial dark matter detection experiments might be significantly affected by clumpiness in the Galactic
halo.

Two main cases:

 Collective effect.

A very bright single objects
(excluded from gamma-ray data,

HongSheng Zhao and Joseph Silk ; \
(Dated: 1 June 2003 on Phys. Rev. Letter 011301) Br mgmann, Lavalle & Salati 09)

Further developed by Bertone et al

Mini-dark halos with intermediate mass black holes

Vol 460|2 July 2009 doi:10.1038 /nature 08083

An intermediate-mass black hole of over 500 solar

masses in the galaxy ESO 243-49

Sean A. Farrell"*f, Natalie A. Webb"?, Didier Barret'?, Olivier Godet® & Joana M. Rodrigues'~




Collective effect: clumpiness boost factor

e Clumps are predicted by the current theory of
structure formation (Peebles and others)

e They are observed in N-body simulations at all
resolved scales, as predicted.

e The minimal mass scale is set by the WIMP
properties (free streaming) ~ Earth mass.

» Smallest objects collapse first: they are more
DM concentrated !

Clumps are numerous: statistical properties

The flux from an object is a stochastic variable

Diemand et al 04
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Clumpiness boost:

Span over extreme cosmological configurations

Lavalle et al (2007)

Boost for positrons

Max, Inter and Min boost configurations

Min: cored, inner NFW, M___ = 1EIE_. =18
min

B 'nter: NFW. inner NFW. M, =107, 0 = 1.9

------------ Max: NFW, inner Moore, M = 1I1TE'. =2
min

— s s > —— m —

Boost for antiprotons

Max. Inter and Min boost configurations

= Min: cored, inner NFW, M__ = 10°, =18
min

- Inter: NFW, inner NFW, M_ = 10%, . = 1.9

femmes Max: NFW, inner Moore, M =108 o =2
man

The average boost cannot be too large

B <20



Clumpiness boost:

Span over extreme cosmological configurations

Lavalle et al (2007)

Boost for positrons

Max, Inter and Min boost configurations

Min: cored, inner NFW, M__ = 1080 =18

Subhalo model

Boost facior

no tidal disr.

-
B8 tidal dise
-

W
positron energy [Gel]

05 0=19

10%, o =2

il VLII and Aquarius setups

Pieri1 et al (2009)

Max. Inter and Min boost configurations
= Min: cored, inner NFW, Mnir -10% =128
- Inter: NFW, inner NFW, M_ = 10%, . = 1.9

Boost factor BE) for antiprotons

Boost for antiprotons

Subhalo model

—_— Via Lactea ll

R Aquarius

— i tidal disr.
=¥ tidal disr.

i

S s

I'::ﬁw AT Lol |

anlr.ipmtm kimetic EII;]‘IEI'QH E [Ge¥]




Clumpiness summary:

Predictions with VL2 configuration

Positron flux

Injected spactra
——  bb a0 GeV)
e'e” (100 GeV)

— W'W (o0 Ge\

Via La-:'EIE-a i !
-—— smooth approx. | + CAPRICE 24
= clumpy halo (:50) o HEAT 84-95
— I bg -1 AMS 01

o iy
positron energy [GeV]

Positron fraction Antiproton flux

Via Lactea Il
smaoth appro.
- b (40 GeV) = -:Iump;hal-: (5
' S I bg

i Imjected spectra
Via Lactaa I Injected spectra
clumpy halo (5]

I bg WW (100 GeV)

—  bb 40 GaV}

e'e (100 Gel

L4
EEL_]"H[_ — W'W (100 GeV)

positron fraction & Jis +a )
_'l- - L 13

HEAT o4-95
HEAT o
AME107

PAMELA 10

1 10
antiproton kinetic energy E [GeV]

Pieri, JL, Bertone & Branchini (2009)

using results from Via Lactea II (Diemand et al) and Aquarius (Springel et al)
-- see early calculations in Lavalle et al (2007-2008) --

A 40 bb

B
C 100 ete™
D 2000 rtr-

Important features:

* 40 GeV WIMP (b-bbar) excluded by antiproton constraints

* 100 GeV WIMP (WW) at the edge of tension with the antiproton data

* 100 GeV WIMP going to e'e can fit the PAMELA data; but pulsars not
included => background must be known before any claim.



(Parenthesis: antiprotons versus small WIMP masses)

DAMA+CDMS+COGENT mass regions
=> WIMP mass ~10 GeV

ColzeNT 2008

A

X
-
5
&

ColieNT 2010

If WIMPs couple to quarks, annihilation can produce
antiprotons if m . >m

=t

0
SI

p

Large antiproton flux expected (it scales like 1/m2)
New constraints on propagation (Putze et al 10) => excess wrt data

Lavalle (2010)

halo model halo model xx—bb (10 GeV)
CU10a: NFW L ——  CU10a: NFW
i o =S

CU10b: Einasto sy o ------ CU10a: NFWs+core

=

——  background

BESS 95-97
BESS 98
BESS 99
BESS o0
BESS 02
s AMS 98 — 600 MV (L = 4 kpc)
! + PAMELA 10

E?0(E) [em?s'sr'GeV']
q
EZ0(E) [em?s'srGe V')

=
=

600 MV (L = 3 kpc)

:'; — background

- 900 MV (L = 4 kpc)

10 10

1 1
kinetic energy E [GeV] kinetic energy E [GeV]




An optimistic view about non-discovery (yet):
WIMP candidates are not excluded !

Status of WIMP searches:

 WIMPs are fairly well motivated from particle physics beyond the Standard
Model.

e From generic predictions, they are not expected to show up in current data.

e Interesting constraints from antiprotons: complementarity required!
(multiwavelength, multimessenger)

» Most promising sources in the future: dwarf spheroidal galaxies and subhalos
(gamma-rays). -
e Cosmic-ray antideuterons below 1 GeV ? (Salati et al, 00) B ; ropegetion MED & selor minimum

Astrophysical issues:
e Backgrounds ! (to come ...)
e The impact of baryons on dark matter distribution:
e Adiabatic contraction in galaxy centers ? Or cores ?
(see Governato et al 10)
* Local dark matter density and velocity distribution ?
(Catena & Ullio 10, Salucci et al 10)

. Subha}o survival ? Power in small scales vs reionization ? Donato, Fornengo & Salati 00
(Klypin et al 10)

Donato, Fornengo & Maurin 08
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PAMELA: what else if not Dark Matter ?
(the nose on one's face)



Galactic sources of cosmic rays: supernova outcomes

— s s > —— m —

Parkes Multibeam Survey
Observed pulsars

* CRs accelerated by SNR and pulsar
shocks (observation + theory)

e SN explosion rate ~ 1/century

e ~1900 pulsars and ~280 SNRs
observed (ATNF and Green catalogs)

Sources of positrons ?



Primary " secondaries ?

Berezhko et al (2003), Blasi (2009), Blasi & Serpico (2009),
Mertch & Sarkar (2009), Ahler et al (2009) ki inen — Krchnan
Secondaries created in SNRs are accelerated like primaries

Positron fraction

_* +

Antiproton fraction

0.001
Bohm-like ISM -
ISM+B term
Total

o EREAICHMAR

1000

Kinetic Energy, T [GeV]

Specitic signatures:
rising anfiproton traction (like DM) and B/C - ratio
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‘Standard " positron sources ? ... Pulsars !

i
| i
-
————
| 2
/ r
J )2' | J1836+5025 JO751+1807
— 416142230
‘CTAT O
J0007+7303 STairas,
“Gamma Cygni® J1742.2054 Geminga
7 “Rabbit’
12021+4026 : .
J2238+59 18131246 (oo 3281 J1418-6058 L
/] —G.Jl—-—--- . .
J2032+4127 " j1958+2841  groa7soe /. . P v 4063340632
£ \ 9145860 Vela .
J1826-1256 “Taz' O Crab
J0357+32 J1809-2332 J0613-0200
O
J0218+4232
421243358 404374715
J0030+0451
s .
7 = ermi O New pulsars found in a blind search
amma-ray
Space Telescope O Millisecond radio pulsars

A Population of Gamma-Ray Millisecond Pulsars
Seen with the Fermi Large Area Telescope

A. A, Abdo, et al.

Science 325 (2009);

DOl 10.112 nce, 1176113

. The American Astromomicsl Sasiety, All milts reerved, Printed aa U154,

THE NATURE OF THE COSMIC-RAY ELECTRON SPECTRUM, AND
SUPERNOYA REMNANT CONTRIBUTIOMNS
. AHMED BOULARES
{ | Physics Department, Space Physics Laboratory, University of Wisconsin—-Madison
o Agrinier et al ‘69 Received 1988 Ocrober 24 accepted 1988 December 20

Fanselow et al "68 1. hals : ]
Daugherty et ol 75 | T~ radio, y-rays) suggest this possibility. In fact, if the recent e/
Buffingtan et . 75 (e™ + e”) measurements are reliable, this will definitely require
Muller and Tang ‘37 e (- = a pulsar source, because no other nearby conventional astro-
p_l:ysmal sources (within 100-500 pc) can generate both e~ and
e” at high energies (of course, dark matter annihilation may be

important if it exists).
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Towards a consistent picture

X-RAY .

INFRARED

-OPTICAL

Credit: HESS Collab

Include all primaries:

* SNRs accelerate electrons mostly
 Pulsars accelerate electrons + positrons
 Each pulsar must be paired with a SNR
e Many pulsars are not observable

Low energy electrons (< 20 GeV):
e Contribution of distant sources (collective effects) :
average properties

High energy electrons (> 20 GeV)
» Consider local sources: large fluctuations expected
« Use multi-wavelength observational constraints

(see Shen 70, Kobayashi et al 04)

Issues
» Modeling of local sources (many degeneracies)
* More general: release of CRs in the ISM

Standard paradigm, but not standard model:



Deal with the complexity of Nature:
Include all Known local sources self-consistently

Delahaye et al 10 va,
27 obs SNRs within 2 kpc arXiv:1002.1910 ~200 obs pulsars within 2 kpc

Delahaye, Lavalle, Lineros, Donato & Fornengo (2010) Delahaye, Lavalle, Lineros, Donato & Fornengo (2010)
' L | ' ' ' T T ™T T T T T T ™T T

| SNR
Nearby SNRs (< 2kpc) 1 Pulsar

7
Antlia
5147

Monogem ring ;/
) e

Y
o

%%*

PR T ®
Crab nebula [ 7 ¢

Monogem ring
e

Cygnus loop

SN age [kyr]
Age [kyr]

S
N %//
°

Cygnus loop

\)-\%x\xco.“? all

Distance [kpc] Distance [kpc]

SNRs confribute 1o e, pulsars inject ete™ pairs ...
_eoqbul each pulsar should be associafed with a SNR -=» Add missing SNRs
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Deal with the complexity of Nature:
Include all Known local sources self-consistently

Delahaye et al 10

27 obs SNRs within 2 kpc

Delahaye, Lavalle, Lineros, Donato & Fornengo (2010)

Primary e from SNRs

Relativistic losses

Thomson approx.

'
' '
'

I I T | IIIIIIII |

Q(E) from radio data

K
H

o

!

Wl
| I/Iulllll
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~200 obs pulsars within 2 kpc

Delahaye, Lavalle, Lineros, Donato & Fornengo (2010)

Primary e" from pulsars

Relativistic losses

Thomson approx.
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SNRs contribufe 1o e7, pulsars inject e'e™ pairs ...
_eoqbul each pulsar should be associated with a SNR => Add missing SNRs
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No choice, Nature is observed to be complex:
Include all Known local sources self-consistently

---- distant P"°
local SNRs
----local pulsars

e

"aries

t
electrons =
Iaries
- distant F7°
- local P
positrons

Delahaye, Lavalle, Lineros, Donato & Fornengo (2010)

Delahaye, Lavalle, Lineros, Donato & Fornengo (2010)

e flux e'+e flux
Iaries . . +-
R aries l; ?-IAEFARI'ISE-gg ; IfI%rg]Sl 83 o
* CAPRICE 94 distant I’ - AMS0198  * HESS 09 (e’
O HEAT 94-95 * local I v ATIC 08 (™) Fermi 10 fe*’:
AMSO01 98
electrons
+
L3
positrons
Delahaye, Lavalle, Lineros, Donato & Fornengo (2010)
| Delahaye, Lavalle, Lineros, Donato & Fornengo (2010)
+
e’ flux e* fraction
* CAPRICE 94
o HEAT 94-95
AMS 01
®
positron
®
fraction

o HEAT 9495
= HEAT 00
v AWs107

+PAMELA 10

E [GeV]

Standard astrophysical sources make it
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CR protons CR electrons

‘Perspectives

One can hardly talk about a standard
model of cosmic rays at the moment, but
more fairly about a standard paradigm

Still, spatial distribution of Galactic CR
electrons 1s important to probe: diffuse

synchrotron emission (Planck), diffuse
gamma-ray emission (Fermi).
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Many scientific by-products: Dark
matter, Galactic center, Galactic
magnetic field, CR propagation,
extrapolation to larger scales (clusters),
etc.
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Conclusions

Indirect searches for Dark matter:
» Not as easy as expected: require multimessenger, multilambda, multiscale studies

» Complementarity with other detection methods required. LHC results!

e Gamma-rays: (Fermi, HESS, CTA) Dsphs & GC are priority targets (at the edge of relevant
experimental sensitivity)

» Cosmic rays (general): unlikely in local antimatter data. Need higher energy + antideuteron
observations (AMS, GAPS).

 Astrophysical constraints powerful, but “proofs” important to solve the DM issue.

Cosmic ray physics: (promising for new physics studies, but improvements required)
* Propagation models to improve: numerical + analytical approaches necessary

* A consistent high-energy picture of the Galaxy emerges through multiwavelength
predictions/observations: all ingredients connected, very rich (and complicated) physics.

Perspectives: The current-future experimental landscape

» LHC, direct detection, neutrino experiments

e Gamma rays: Fermi, many IACTs, CTA coming (2015-2020)
» Lower frequencies: Planck + Herschel + X-ray

e Cosmic rays : PAMELA, AMS2 (2011), GAPS (2011)
 Neutrinos: SuperK, Antares, Icecube

2010-2020: the WIMP hypothesis likely confirmed or excluded
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‘Propagation of Galactic electrons
2. Phenomenology of transport (GeV-1eV)

DJ =29

p E _
DuJ*+ DpJ™ =0Q Current conservation
(continuity equation)

See formalism for electrons in:
Ginzburg & Sirovatskii (1964) Momentum current (losses + reacceleration)
Berezinskii et al (1990)
Lavalle et al (2007)

Program:
Constrain the different parameters

(diffusion zone extent, diffusion coefficient, etc)
Make predictions, compare with data Maurin et al (2002)
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Spatial effects ?

Shaviv et al (2009)

CE. Dhffusion: D~EP |

3 populations of electrons:
From sources in the nearest arm

From the disk
From nearby SNRs

+ secondary positrons ... this might make it.
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Short recipe for secondaries

Proton and alpha fluxes

— e vy« > C<— m —

The source term

Inclusive nuclear cross section
ptp— e +X

Propagation
from (XS,ES) to (x,E)

Flux at the Earth

ISM gas distribution

Each box contains
uncertainties !!!



Fermi has just released the denominator

Elaciron CR data
* CAPRICE 84 1, i
& HEAT 9485 &' fraction (med & spectrum)

& = GO0 KW

3
-l

3

INdegy =344 — 2.8

——  hard Index fIE

pos fron fraction e'lje"+a)

i

—  msd index fit

-
[e1]
_l':'.i!
L
L
E
&
L
2
=
-

"

‘ropagation (KN E lioss)

soft Index Nt - MIN = HEAT 94.85

— HMED o HEAT
—  MAX # AMS1 07
MSagn PAMELA (2

RI=EE (15

Uncertainties are sfill large ... (relevance of analysis for additional primaries ?)
Yet, a conventional secondary origin seems unlikely ...
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Clusters

« 109

Different possible contributions from
DM annihilation:
* gamma-rays (Fermi)
* radio & X-rays N
87 N

2.05

1, 09+ |

IE;‘
—  K,T=5keV M

31,00 | (with ©

SZ advertized by Colafrancesco et al, not
confirmed byLavalle et al 09, Yuan et al
09. (Key ingredients: optical depth and
angular resolution).

—_—

L
=
-
W
-

13,0060 |

m, = 10 MeV

Role of standard CRs in clusters ?
* radio halos ?
* pressure ?
* tracers of merging processes
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Cosmic es and ¢'s: Brief historical review

1*" observation of cosmic ray
electrons > 0.5 GeV
Earl (1961): e/p ~ 3%

7
—DAN + _(]_r—'{b (e) V] = Q(e,r).

The origin of cosmic rays

Discovery of the positron
Anderson, Phys. Rev. (1933)

155
Yoty

Ginzburg & Sirovatsky (1964) d&&

— s > T > — m—

PP L e 1 \‘{ P
¥ '5.
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Positron fraction
Fanselow et al (1969)

10%

| o
Kinetic Energy (BeV)




Translate losses in propagation scale

Transport mostly set by spatial
diffusion and energy losses

ME=1GeV — E, > E)

F \F[_I = 0.012 ]_-;]'_:u::'l‘:"l :['l,| [?-'_l": T

— s s > —— m —

10%%s: 4§

6 kpe

—

+- diffusion length

Eg = 17eV
Eg = 0.1 TeV

Eg =0.01 TeV

Klgin Nishina

1Ir"1‘ra|:ti1:l|n of inieéot;d energy Ea'Esm-




CAPRICE 4

= HEAT 2495

AN

18
E [Gav]
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Secondary e flux

Propagation
MIN
MED
M

Full allowesd

CAPRICE 54

s« HEAT 495

AME M

Secondary e* flux

Propagation (KN E loss)
—-- MIN
MED
M

Full allowed




Single object wandering around

The game one can play:
Assume a single DM source at any distance d to the Earth.
Assume a WIMP mass and its annihilation final states.
Search for the brightness necessary to fit PAMELA.
Check against other data (gamma, antiprotons, etc.)

Bringmann, Lavalle & Salati (2009)
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L HEAT 84 55
g HEAT a0
o AME1 07
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y axis [kpc] - N-body frame

(The local DM issue)

Fluctuations of DM density in Horizon: Lavalle, Nezri, Ling, Athanasoula & Teyssier 08

\\Il\\II‘II\\'I\\I'\\II‘\II\‘I\\\li\\I‘\II\‘II\

3 3 3
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do/dE [cm2.sr.s1.GeV
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Fiducial WIMPs with m, =200 GeV

x—e"e

CAPRICE 94
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100 Earthes in a HORIZON Milky Way N
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Horizon best fit profile

A HEAT 94-95
* AMS 01
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E [GeV]

x axis [kpc] - N-body frame

2
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do/dT [cnl'z.sr'1.5'1.GeV'1]

2, S,

L
o

density projection along z < [-4,4] kpc

x axis [kpc] - N-body frame

\\Il\\II‘II\\'I\\I'\\II‘\II\‘I\\\ll\\l‘\ll\‘ll\

Earth at (0,8,0) kpc

%Y

|
density projection along z < [-4,4] kpc

x axis [kpc] - N-body frame
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Fiducial WIMPs with m, = 200 GeV

X{—bb 5P+ ..

3
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100 Earthes in a HORIZON Milky Way

—— p,,, <[02,0.4] GeV.cm®
Poun £ 0.2,0.4] GeV.em™

Horizon best fit profile

BESS 95-97
4+ BESS 98
® BESS 99
BESS 00
A~ BESS 02

1

10

10°

T [GeV]

20

y axis [kpc] - N-body frame

0 5 10 20

z axis [kpc] - N-body frame

Latest predictions:
Catena & Ullio 09
Salucci et al 10
0.3 -0.5 GeV/cm3

Relevant scale ? Role of baryons ?
Impacts on positron predictions
& direct detection




Limits of N:body simulations:
the smallest scales of DM structures

(see review by T. Bringmann (2009))

The free streaming scale depends on the
time of kinetic (# chemical) decoupling of
WIMPs from the primordial soup.

The weaker the collision rate, the earlier _ Ty viTIEEEEReE
the gravitational collapse, the smaller the dikz
cut-off mass.

Subhalo mass down to 10"'-10~ M_
(SUSY). The lighter the denser.

500 1000 5000

Tidal effects ? Large survival fraction
(Berezinsky et al, 2008)

Extrapolation AL NTF Mass

sub

slope [107° Mg 10%° slope

down to 10° Msun




Via Lactea 11 versus Aquarius

Via Lactea II: Diemand et al (2008) - ’ 4 |
Aquarius: Springel et al (2008) s WWmea SRl gquanus

I

b "‘i >

MW-like halos with ~ 1 billion particles of ~10° M,
> 50,000-300,000 subhalos with masses > 10° -10*° M,

Slightly different cosmologies: WMAP3 vs WMAPS
((78 =0.74 vs 0.9)

http //www UCO|ICk org/~d|emandgl/mdex html

Gamma-ray studies in:

Kuhlen et al (2008) — VL2
Springel et al (2008) — AQ

Subhalos

~uh 111) Jsub

[1()4 Mg 1 0 ] slope [90]

Density 00

profile [Ge\ /( m®]

/ ~ 10~ 5.3 2 10
3.24 30 1.9 13.2
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