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The data:

Current local measurements of cosmic-ray e

electron data
@ CAPRICE 94
O HEAT 24-95
4 AMSO01 98

@ CAPRICE 94

O HEAT 94-95
AMS 01

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

Do we understand all these measurements ?
(e+ excess, speciral feafures in ete—)
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Outline

e Propagation in brief, and secondary positrons
e Dark matter annihilation (or decay) ?

e Astrophysical sources:
the “QCD” background for indirect searches

e Conclusions & perspectives
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‘Propagation of Galactic cosmic rays (electrons):
The standard picture

408 MHz all-sky map

From Haslam et al data (1982)

B on Lovaliclin See Richard Taillet's talk



‘Propagation of Galactic cosmic rays (electrons):

The standard picture

Ast

From Haslam et al data (1982)
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The case for electrons: Enerygy losses

Electrons lose their energy through electromagnetic interactions
(I) with the interstellar medium (ISM)
(ii) with the interstellar radiation fields (ISRF) and the magnetic fields
(see Blumenthal & Gould, 1970)

(i) Interactions with the ISM :
Bremsstrahlung (braking radiation),
ionisation — for E < few GeV

Propagation scale vs fraction of injected energy

bion(E) o Ngas In(E)
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(ii) Interactions with the ISRF (including
CMB) and magnetic fields: (inverse)

" diffusion length
Compton processes e*" diffusion lengt

Eq=1TeV

Eg = 0.1 TeV

Eg =0.01 TeV

Klein Nishina

high energy => local fields
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Can secondary ¢ s explain the PAMELA data ?

e’/(e" + ) PAMELA
Adriani et al (2009)

Is there any standard model for secondary e*'s ¢
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Short recipe for secondaries

Proton and alpha fluxes ISM gas distribution

The source term

Inclusive nuclear cross section
ptp— e +X

e

";:I I: E :' T ‘/ flilE iy I'J_- ': E :' E o] I::| o |: _E-' 1 {:.: ::1_ .I —2.75

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

diff. + E-loss

Each box contains
uncertainties !!!

Flux at the Earth

Lo i
To = Tp -+ T}I o+ 1) =35
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Can secondary positrons account
for the PAMELA data?

Secondary positron flux Secondary positron fraction

Secondary & flux

&' fraction (med & spectrum)
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Uncertainties are still large ...
Yet, a conventional secondary origin seems unlikely ...
Need a primary contribution 5-10 times the secondary one at ~100 GeV
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The Dark Matter interpretation attemptSSSS

(about 250 papers on the arXiv)
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Dark matter annifiilation as antimatter factory

(complementary to gamma rays)

VOLUME 53, NUMBER 6 FHYSICAL REVIEW LETTERS 6 AUGUST 1984

Cosmic-Ray Antiprotons as a Probe of a Photino-Dominated Universe

Joseph Silk
Astromomy Depariment, Univer Be . and Institute for Theoretical Physics,
L'n arbara, ig 93106

Physics Depariment, Univers , Santa Barbara, California 93106
c 1984)

By & V'S

Courtesy P. Salati

Main arguments: But:
» DM annihilation provides as many particles as antiparticles e We must control the backgrounds
« Antimatter cosmic rays are rare because secondary products * Antiprotons are secondaries, what about positrons ?

* DM-induced antimatter CRs may have specific spectral properties ~* Do the natural DM particle models provide clean signatures?
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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 €' 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
D

Boost to get ~ 5 « dpg at ~100 Gel:

CAPRICE 94 T WIMP mass 100 GeV 500 GeV 1 TeV
“ HEAT 84-55 :.:]T'ng-| I l . final state
AMs o R | I. ete 10 100 350
— |-,l"_'li:|r;I l WHWw - 80 500 1000
L vl l 100 Gev bb 250 500 1000
I iFr
L Vol ) 500 GeV
% i e Y The signal must be boosted:
Lo f =
" £ o 1000 GEV
o 1 p; (i) boost the cross section
= i — contrived scenarios (% of
;E' | | published papers) ~ excluded
W a* from WIMPs | (see e.g. Cirelli et al)
— &' line
— W (ii) play with the propagation
bE : parameters
— Bg Del0s ' '

‘4 ol C ol L1 L puL Co b (iii) consider extra-sources

i '
E [Gay]

o' 19 (subhalos, IMBHs)




Play with propagation
Delahaye et al (2008)

B/C best fit
M1 flux
M2 flux
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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.
?w*u-“ channel E_ﬁ‘ channel _ Translation into flux not that simple,
l';_a ' Ul:'l ' 1+If S 1:}1 ) l'ﬂz e since B/C imposes K/L ~ cst.
Positron energy [GeV] Positron energy [GeV] Low en ergy effect for p ositrons

(large propagation scale), but small.

F? D+ [GeV em 25! sr_l]
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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 significanily affected by clumpiness in the Galactic
halo.

Two main cases:

» Collective effect.
Mini-dark halos with intermediate mass black holes e A very “bright” single object ?

HongSheng Zhao and Joseph Silk (excluded from gamma-ray data,
Bringmann, Lavalle & Salati 09)

(Dated: 1 June 15 on Phys. Rev. Letter 011301)

Further developed by Bertone et al

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'~
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Dark Matter subhalos:
energy-dependent boost factor < 5 (modulo variance)

Positron flux Positron fraction Antiproton flux

Via Lactea Il (rescaled)

Injected spectra ? j
] p Injected spectra smooth approx.
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smooth approx. e CAPRICE 94 AMIST 07

£ clumpy halo (+50) | o TEAT94.95 2
—_— 1" bg g b AMS 01 * PAMELA 10

10

10° 1 10
positron energy [GeV] 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) --

L Important features:
W * 40 GeV WIMP (b-bbar) excluded by antiproton constraints

A an - * 100 GeV WIMP (WW) at the edge of tension with the antiproton data
C 100 ete” » 100 GeV WIMP going to e'e can fit the PAMELA data; but pulsars not

D 2000 Trr : .
included => background must be known before any claim.
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Astrophysical explanations

... the nose on one’s face ...
(a few tens of papers on the arXiv)
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“Primary” secondaries ?

Positron fraction

Berezhko et al (2003), Blasi (2009), Blasi & Serpico (2009),
Mertch & Sarkar (2009), Ahler et al (2009) e

Secondaries created in SNRs are accelerated like primaries *

_ .
P

Antiproton fraction

0.001
Bohm-like ISM -
ISM+B term
Total

0.0001

o EREAICHMAR

A Aterm
B term

100 1000
Kinetic Energy, T [GeV]

B/C measurements

Specific signatures: vising anfiproton fraction
(like DM) and B/C ratio

10 10 10
Julien Lavalle, IDM-2010 energy per nucleon [GeV]
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‘Standard " positron sources ? ... Pulsars !

Fanselow et al
Daugherty et al '"75
Buffington et
Golden et al. '87
Muller and Tang "BY

J1836+5825 4075141807
416142230
‘CTAT"
J0007+7303 STairas,
“Gamma Cygni® J1742.2054 Geminga
s “Rabbit
12021+4026 : .
J2238+59 18131246 (oo 3281 J1418-6058 L
/] —G.Jl—-—--- i@' .
J2032+4127 = / - .
J1958+2841 dLgEE \ 1145960 Vela J0B33+0632
o
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
SClence Seen with the Fermi Large Area Telescope
A. A, Abdo, et al.
) Science 325, 848 (2009)
AVAAAS DOI: 10.11

THE ASTROFPHYSICAL JouRKaL, 342: BOT-E13, 1989 I
i 1989, The American Astronomical Society, All rmghts seserved. Printed an 1L5A.

THE MATURE OF THE COSMIC-RAY ELECTRON SPECTRUM, AND
SUPERENOVA REMNANT CONTRIBUTIONS
AHMED BOULARES
Physics Department, Space Physics Laboratory, University of Wisconsin—-Madison
Received 1988 October 24 accepted 1988 December 29

r ) 1s possibility. In fact, if the recent e*/
(e™ + e”) measurements are reliable, this will definitely require
a pulsar source, because no other nearby conventional astro-
physical sources (within 100-500 pc) can generate both ¢~ and
e" at high energies (of course, dark matter annihilation may be
important if it exists).

See also Shen 70, Aharonian et al 95, Chi et al 96



Towards a consistent picture

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

X-RAY . -OPTICAL

Low energy electrons (< 20 GeV):

Contribution of distant sources (collective effects) :
average properties

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

INFRARED ~ RADIO

ICredit: HESS Collab (see Shen 70, Kobayashi et al 04)

N 80
2 \,, eo .
% v 40 sSsues
' §"‘ . » Modeling of local sources (many degeneracies)

* More general: release of CRs in the ISM

Standard paradigm, but not standard model:
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Deal with the complexity of Nature:
Include all Known local sources self-consistently

Delahaye et al 10 T,
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
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%%*

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 to e7, pulsars inject e'e™ pairs ...
eeq buf each pulsar should be associated with a SNR -> Add missing SNRs

avalle, IDM-2010




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

Delahaye et al 10

arXiv:1002.1910 ~200 obs pulsars within 2 kpc

27 obs SNRs within 2 kpc
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Delahaye, Lavalle, Lineros, Donato & Fornengo (2010)

Primary e from SNRs

Relativistic losses

Thomson approx.
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Delahaye, Lavalle, Lineros, Donato & Fornengo (2010)

Primary e" from pulsars

Relativistic losses

Thomson approx.
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No choice, Nature is observed to be complex:
Include all Known local sources self-consistently

electrons

positrons

Julien Lavalle, IDM-2010

Delahaye, Lavalle, Lineros, Donato & Fornengo (2010)
Delahaye, Lavalle, Lineros, Donato & Fornengo (2010)
---- distant Iaries e flux e'+e’ flux
local SNRs R el * CAPRICE 94 © FermiO9 (e’/
----local pulsars ¢ CAPRICE 94 7 distant I 7 HI-\E'\?;'09146985
107 - O HEAT 94-95 ! " local P v ATIC 08 (™)
I AMSO01 98
¥ electrons
0
£
+
Q
U
et L3
= positrons
w
Delahaye, Lavalle, Lineros, Donato & Fornengo (2010)
| Delahaye, Lavalle, Lineros, Donato & Fornengo (2010)
- +
eries e’ flux . .
" distant P CAPRICE 94 " fecten
N L]
- ries
local I o HEAT 94.95
[}
AMS 01
itron
fraction

o HEAT 9495
= HEAT 00
T AMS107
+PAMELA 10

Standard




The local ¢ anomalies: Summary and conclusions

Dark matter interpretation
e Unnatural for most of DM candidates in particle physics: fluxes far too low
 Other contrived models likely excluded (gamma-ray data, synchrotron, early universe)
» Caveats: background not under control! Use the data as constraints only.
combine LHC + astrophysics (multi-messenger, multi-A, multi-scale) + direct
detection ... some smoking guns soon hopefully, many experiments running!

Astrophysical explanations
* High energy e'e pairs naturally created from strong magnetic fields around pulsars
 Minimal assumptions lead to the correct amount of positrons
A consistent model of >20 GeV CR electrons must include local sources (SNRs & pulsars)
* A complete model, though still too simplistic, can explain the data all together

(local) source modeling, propagation to refine, electrons at the GC or at high
latitudes

General
e Improving our understanding of high energy CR electrons will provide new insights on:
magnetic fields (synchrotron), diffuse emissions (Galactic center), etc.

Julien Lavalle, IDM-2010
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Time, spatial and spectral fluctuations at HE:
Origin of uncertainties for local bursting sources

Delahaye, Lavalle, Lineros, Donato & Fornengo (2010) Delahaye, Lavalle, Lineros, Donato & Fornengo (2010) Delahaye, Lavalle, Lineros, Donato & Fornengo (2010)
Age effect Propagation effect

Distance effect et = S KYF

Thomson approx. Thomson approx.

Thomson approx.
— Full relativistic

——  Full relativisti€” — Fullrelativistic

/

srl]

tourse = 300 kyr

»
o
£
S
o
>

E% [Ge

pe
E [GeV]

Age effect Propagation effect

Spectral effect

Thomson approx.

— Full relativistic

Time-dependent propagator

Although observational constraints exist,
Spectral Cliceg uncerTainfies are very large
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‘Boost factors for positrons and antiprotons

Pieri, JL, Bertone & Branchini (2009)

Subhalo model Subhalo model

Via Lactea ll Via Lactea ll

[ oxbocxd
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See also Lavalle et al (2007,2008)
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