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-BBN

-CMB

- CMB + SNIa,
- CMB - DM
- acoustic peak in baryons

what’s the difference
between DM and DE?



1) galaxy rotation curves
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“bullet cluster” - NASA
astro-ph/0608247



1) galaxy rotation curves
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DM exists.

It consists of a particle.
Permeates galactic haloes.


keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.key?id=BGSlide-81

1) galaxy rotation curves

&) clusters of galaxies

3) CMB+LSS(+SNIa;)

£¢+1)C}" in pK?

Ve (km s71)

NGC 6503

s T P, tmrﬂi{ Q
e === halo |§ ]

10

20

Radius (kpc)

Multipole ¢

o
=
3

z
8
£
g
3

o
@
o
g
3
)
A~

10!

Oy ~0.2+-04

0.05

1

‘Wavenumber k in & /Mpc

What is the DM??

It consists of a particle.
Permeates galactic haloes.
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direct detection
Xenon, CDMs (Dama/Libra?)

production at colliders :
LH

from annihil in galactic halo or center
(line + continuum) Fermi/GLAST

indirec from annihil in galactic halo or center
PAMELA, AMSOZ, balloons
from annihil in galactic halo or center

from annihil in galactic halo or center
GAPS

from annihil in massive bodies
lcecube, KmdéNet



from annihil in galactic halo or center
(line + continuum)

indirec from annihil in galactic halo or center
PAMELA, AMSOZ, balloons
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Indirect Detection

pand - from DM annihilations in halo
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n .



Indirect Detection

pand from DM annihilations in halo

Galactic Bulge Norma Arm -
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pand from DM annihilations in halo




Indirect Detection
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Indirect Detection

pand from DM annihilations in halo
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Indirect Detection

pand from DM annihilations in halo
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Indirect Detection

pand from DM annihilations in halo

Salati, Chardonnay, Barrau,

spectrum Donato, Taillet, Fornengo,
8f/ a a Maurin, Brun...“90s, ‘00s
S K(B) V2~ 5 (BE)) + o (Vef) = Qung — 2h(2) sy f

diffusion energy loss convective wind source spallations



Indirect Detection

pand from DM annihilations in halo

What sets the overall expected flux?

%
flux «xn O annihilation



Indirect Detection

pand from DM annihilations in halo

What sets the overall expected flux?
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Indirect Detection

pand from DM annihilations in halo
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From N-body numerical simulations:

Halo model

Cored isothermal
Navarro, Frenk, White
Moore

Einasto | a=0.17 rs = 20 kpc
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smooth:
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For illustration: P ez

Kuhlen, Diemand, Madau 2007

Milky Way

Resalved Clumps
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Boost Factor: local clumps in the DM halo enhance the density,
boost the flux from annihilations. Typically: B ~1 — 20 (10%)

In principle, B is different for e*, anti-p and gammas,
energy dependent,
dependent on many astro assumptions,
with an energy dependent variance, at high energy for e*, at low energy for anti-p.

positrons antiprotons

1. Lavalle. J. Pochon, P. Salati & R. Taillet {2008)

NFW DM Halo — p Varying sub-halo spatial distribution
Qscale — 25 kpc | cored + inner NFW
B smooth NFW + inner NFW

Clump Fraction f Y /o
3. = 100 smooth NFW + inner Moore
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channels products
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So what are the

particle physics 1. Dark Matter mass
parameters? &. primary channel(s)







Positrons from PAMELA:

92 GeV positron event

Payload for
Anti-

Matter
Exploration and
Light-nuclei
Astrophysics

calibrated on accelerator fluxes

magnetic spectrometer:
charge and energy

calorimeter: 6= vs p/p

Big challenge: backgnd contamination
from p (10* more numerous at 100 GeV)



Positrons from PAMELA:

- steep e excess
above 10 GeV! .| ~ PAMELAO
- very large flux! e, T
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Positrons from PAMELA:

- steep e excess
above 10 GeV! .| ~ PAMELAO
- very large flux! e, T
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Antiprotons from PAMELA:

- congsistent with
the background

PAMELA 08

Pamela Coll. 2008,
submitted to PRL
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Which DM spectra can fit the data®?

BE.g. a DM with: -mass Mpy = 150 GeV

-annihilation DM DM — W+~
(a possible Supersymmetric candidate: wino)

Posgitrons:
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Which DM spectra can fit the data®?

E.g. a DM with: -mass Mpy = 150 GeV
-annihilation DM DM — WTW ™
(a possible bupersymmetric candidate: wino)
Positrons: Anti-protons:
30%- L 10_25 B
- PAMELA 08

Positron fraction

- background?
- background?

10 10° 10° 10 10° 10°

Positron energy in GeV P kinetic energy in GeV







Which DM spectra can fit the data®?

E.g. a DM with: -mass Mpy = 10 TeV
-annihilation DM DM — WTW

Positrons: Anti-protons:
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Which DM spectra can fit the data®?

E.g. a DM with: -mass Mpy = 10 TeV
-annihilation DM DM — WW ™
but...: -boost B =2 - 10*
Positrons: Anti-protons:
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Which DM spectra can fit the data®?

E.S. . -mass Mpu = 9.7 1eV
-annihilation DM DM — WTW ™
-boost B ~ 30
Positrons: Anti-protons:

1072 E

PAMELA 08
preliminary

PAMELA 08
preliminary
i _

Positron fraction

background?
background?

10 10° 10° 10*

: : p kinetic energy in GeV
Positron energy in GeV P 3




Which DM spectra can fit the data®?

Model-independent results:
it to PAMELA positrons only

1000 3000 10000 30000
DM mass in GeV




Which DM spectra can fit the data®?
Model-independent results:
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Which DM spectra can fit the data®?
Model-independent results:

-

t to PAMELA positrons + anti-protons

40

1000 3000 10000 30000
DM mass in GeV

annihilate into leptons (e.8. ™)



Which DM spectra can fit the data®?
Model-independent results:

fit to PAMELA positrons + anti-protons

llﬂl[lﬂ 3[}'!]{]' o II{;[]{][} 30000
DM mass in GeV
annihilate into leptons (e.g. © "y ) or
(2) annihilate into W W~ with mass > 10 TeV




Which DM spectra can fit the data®?
Model-independent results:

Boost required by PAMELA

108

T T TTT I | T T T T1TTT1 T T TT1TTT1 e
————————

Boost factor B,
B, ovin cm3/ sec

p—t
-
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Polar

Advanced
Patrol Thin
gfa%%loeon Ionization
Balloon-borne e e
Electron
Telescope With S » . S
ggler%jglllatmg - bigger/denser: higher energy

- calorimeter only, no magnet:
no charge discrimination



Electrons + positrons from ATIC, PPB-BETS:

ATIC-2 (2003

5 an €—|_ _l_ 6_ eXCeSS PPB-BETS (2008
at ~700 GeV?2%
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Electrons + positrons from ATIC, PPB-BETS
and HESS!:

HESS 2008

: an €—|_ _|_ 6_ eXCGSS ATIC-2 (Nature 2008)
at ~700 GeV2? PPB-BETS (2008)
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very interesting (independent!)
but difficult analysis

(particle ID: contamination

from gamma & hadronic showers):
are these upper limits?
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Which DM spectra can fit the data®?

A DM with: -mass Mpy = 1 TeV
-annihilation DM DM — p*

Positrons: Anti-protons: Electrons + Positrons:
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Which DM spectra can fit the data®?

A DM with: -mass Mpy = 1 TeV
-annihilation DM DM — p*

Positrons: Anti-protons: Electrons + Positrons:
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Leptophilic DM - C.Chen; FT |
E.Nakamura, S.Shirai, TTYa.n 1d DM e‘af—_jI_I_'ipOSite Messenger - E.Ponton,

0812.0308: sub-GeV hidden U(1) in GMSB - M 812, :
cold substructures - M. Pospelov M Tro_, .04 1?s decays DM - Zhang, Bi, Liu, Liu, Yin,

0812. 11'74 electrons from DM - J. Hlsano M hri,
A.Arvanitaki, S.Dimopoulos, S.Dubovsky, P.G mk S. Ragendran 0812 20'?5 Deca,ymg DM in
GUTs - R.Allahverdi, B.Dutta, K.Richardson-M: a,ntoso 0812.2196: SuSy B-L. DM- S.Hamaguchi,
K.Shirai, T.T.Yanagida, 0812.2374: Hidden-Fermi ecays - D.Hooper, A.Stebbins, K.Zurek, 0812.320%:
Nearby DM clump - C.Delaunay, P.Fox, G. Perez 08. Sl: DMnu from Earth - Park, Shu, 0901.0720: Split-
UED DM - .Gogoladze, R.Khalid, @.Shafi, H.Yuksel, 0901'0925 cMSSM DM with additions - @.H.Cao, E.Ma,
G.Shaughnessy, 0901.1334: Dark Matter: the leptomc connection - E.Nezri, M.Tytgat, G.Vertongen,
0901.2556: Inert Doublet DM - C.-H.Chen, C.-Q. Geng, D.Zhuridov, 0901.2681: Fermionic decaying DM -
J.Mardon, Y.Nomura, D.Stolarski, dJ. Tha.ler 0901. 2926 Cascade annihilations (light non-abelian new
bosons) - P.Meade, M.Papucci, T.Volansky, 0901. 2925 ‘DM sees the light - D.Phalen, A.Pierce, N.Weiner,
0901.3165: New Heavy Lepton - T.Banks, J.-F.Fortin, 0901.3578: Pyrma baryons - K.Bae, J.-H. Huh, J.Kim,
B.Kyae, R.Viollier, 0812.3511: electrophilic'a,XionffPom flipped-SU(8) with extra spontaneously broken

symmetries and a two component DM with Z2 parity - ...
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http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Gogoladze%2C%20Ilia%22
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Which DM spectra can fit the data®?

Model-independent results:

-l

t to PAMELA positrons” + balloon experiments
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O E?etM

1000

DM mass in GeV

*adding anti-protons does not

change much, non-leptonic
channels give too smooth

spectrum for balloons



Or perhaps it’s just a young, nearby pulsar...

‘Mechanism’: the spinning B of the pulsar strips e that

% A I emit v that make production of e™ pairs that are trap-
(7] —~— ped in the cloud, further accelerated and later released

at 7 ~ 0 — 10° yr (typical total enersy output: 10%6 erg).

Must be young (T < 10° yr) and nearby (< 1 kpce);
if not: too much diffusion, low energy, too low flux.

.  Predicted flux: .+ ~ E P exp(E/E.) with p~ 2 and
=R E. ~ many TeV

(1.4 < p < 2.4, Profumo 2008)

s Daugherty et al. '75

o Buffington et al. 75
# Golden et al '87
4 Muller and Tang '87
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Or perhaps it’s just a young, nearby pulsar...

‘Mechanism’: the spinning B of the pulsar strips e that

emit v that make production of e™ pairs that are trap-
ped in the cloud, further accelerated and later released

| a,tTNO—>1()5yr,
o~ L Must be young (T < 10° yr) and nearby (< 1 kpce);

- " if not: too much diffusion, low energy, too low flux.
Geminga pulsar Predicted flux: @, ~ F P exp(E/E,) with p~ 2 and
(funny that it means:

“it is not there” in milanese) E. ~ many TeV
Try the fit with known nearby pulsars:
TABLE 1 10* Rockstroh et al. (Radio) 1978

Ee=eo, T=0y1 ® Golden et al. 1984
Dy=5x10"(cm?s™) + Tang 1984
' ' B Golden et al. 1994
‘ , ® Kobayashi et al. 1999
Distant component excluding + Boezio et al. 2000
I=1x10ryr and r<lkpc ¢ DuVernois et al. 2001
e Torii et al. 2001
a Aguilar et al. 2002

LisT oF NEarBY SNRS

Distance Age Emnax”
SNR (kpc) (y1) (TeV)

SN I85 e 0.95

10° 1.7 x 10?
ST4T e 0.80 4 )

10° 63
10* 14
10 13
10* 13
104 25
10 28
10° 1.2
10°

HB 21 .. 0.80
G65.345.7 e 0.80
Cygnus Loop......ccoeveene 0.44
Vela ..o, 0.30
Monogem ......ccccevevvenne. 0.30
Loopl e 0.17
Geminga......oceereeveevnnnne 0.4

E*J (electrons m2 s ! sr! GeV?)

XK K XK K X XK

10°
Electron Energy (GeV)



Or perhaps it’s just a young, nearby pulsar...

‘Mechanism’: the spinning B of the pulsar strips e that
emit v that make production of e™ pairs that are trap-
ped in the cloud, further accelerated and later released
at 7~ 0 — 10°yr.

Must be young (T < 10° yr) and nearby (< 1 kpce);

if not: too much diffusion, low energy, too low flux.

N .
Geminga pulsar Predicted flux: ®.+- ~ £ Pexp(E/E.) with p~2 and
E. ~ many TeV

Try the fit with known nearby pulsars:

TABLE 1 100.0 Geminga and BO656+14
LisT oF NEarBY SNRS

Distance Age
SNR (kpc) (yr)

- - - -_"'.|.__.|.l
- -

SN I85 e 0.95 1.8 x
ST4T e 0.80 46 x
HB 21 0.80 1.9 x

G65.345.7 e 0.80 2.0 x

Cygnus Loop......ccoeveene 0.44 2.0 x
Vela ..o, 0.30 L1 x
Monogem ......ccccevevvenne. 0.30 8.6 x
Loopl e 0.17 2.0 x
Geminga......oceereeveevnnnne 0.4 34 x



Or perhaps it’s just a young, nearby pulsar...

‘Mechanism’: the spinning B of the pulsar strips e that
emit v that make production of e™ pairs that are trap-
ped in the cloud, further accelerated and later released
at 7~ 0 — 10°yr.

Must be young (T < 10° yr) and nearby (< 1 kpce);

if not: too much diffusion, low energy, too low flux.

@ .
Geminga pulsar Predicted flux: ®.+ ~ E Pexp(E/E.) with p~ 2 and
E. ~ many TeV

Try the fit with known nearby pulsars and diffuse mature pulsars:

'D-E{JF'IH[ '| 1 r|'rr1r]

diffuse mature &

nearby young

pulsars
. Geminga
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Or perhaps it’s just a young, nearby pulsar...

‘Mechanism’: the spinning B of the pulsar strips e that

emit v that make production of e™ pairs that are trap-
ped in the cloud, further accelerated and later released
at 7~ 0 — 10°yr.

twoin Must be young (T < 10° yr) and nearby (< 1 kpe);
o " if not: too much diffusion, low energy, too low flux.
Geminga pulsar Predicted flux: .+ ~ E P exp(E/E,) with p~ 2 and
E. ~ many TeV
But ATIC needs a different (and very powerful) source:

a=2, MED diffusion setup, ST model
B0355+54.. Vela.

; il\-lonogerl_lﬁ(]h}9656+14')/
] I 7__,,-” ™~ \ , !

000 1000
Energy [GeV] Energy [GeV]




OP perhaps it’s just a young, nearby pulsar...

‘Mechanism’: the spinning B of the pulsar strips e that
emit v that make production of e™ pairs that are trap-
ped in the cloud, further accelerated and later released
at 7~ 0 — 10°yr.
Must be young (T < 10° yr) and nearby (< 1 kpce);
if not: too much diffusion, low energy, too low flux.

® ¢
Geminga pulsar Predicted flux: ®.+ ~ E Pexp(E/E.) with p~2 and
E. ~ many TeV

Open issue.

(look for anisotropies,

(both for single source and collection in disk)

antiprotons, Sammas...

(Fermi is discovering a pulsar a week)

or shape of the spectrum...)
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Indirect Detection

v from DM annihilations in galactic center

Galactic Bulge Norma Arm -

Scutum Arm

Sagittarius Arm ' ' Local Arm
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Indirect Detection

v from DM annihilations in galactic center

Galactic Bulge Norma Arm -

Scutum Arm

Sagittarius Arm ' ' Local Arm

' Sun
| NG
e/ LW, Z,b, 7t h... €T, P, D ... and "y
~ | T G 8 )
DM SsWT, b, v, t,bh...~e", P, D ..
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v from DM annihilations in galactic center

Galactic Bulge Norma Arn
Scutum Arm ‘\ |
\\ \ j Crux Arm

Outer Arm Carina Arm

Perseus Arm

Sagittarius Arm
Sun

| )
,’W_,Z,b,T_,t,h...WBZF,(Z?), D ... and"y

dlogN, /dlogE

b 3 R
\*W+,Z,b,7'+,t,h...«~>ei, DR, a,ndfy

typically sub-TeV energies



Indirect Detection

v from DM annihilations in Sagittarius Dwarf

Galactic Bulge gl F 4 Norma Arni

Scutum Arm

Sagittarius Arm ' ' Local Arm

' Sun
| NG
e/ LW, Z,b, 7t h... €T, P, D ... and "y
~ | T G 8 )
DM SsWT, b, v, t,bh...~e", P, D ..

.. a,ndfy



Indirect Detection

radio-waves from synchrotron radiation of ¢-

Galactic Bulge Norma Arm -

Scutum Arm

Quter Arm

Perseus Arm |

Sagittarius Arm Local Arm

Sun

- in GC

Crux Arm



radio-waves from synchrotron radiation of in GC

Galactic Bulge Norma Arn

Scutum Arm

Crux Arm

Outer Arm Carina Arm

Perseus Arm

[' quipartition B

Sagittarius Arm

- compute the population of
from DM annihilations in the GC

- compute the synchrotron emitted power
for different configurations of galactic /5

(assuming ‘scrambled’ B;in principle, directionality
could focus emission, lift bounds by O(some))

constant B






HESS has detected 7y-ray

emission from Gal Center o I‘f"ﬂ
and Gal Ridge. The DM signal SN 1
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HESS has detected 7y-ray
emission from Gal Center
and Gal Ridge. The DM signal

must not excede that.
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HESS has detected 7y-ray

emission from Gal Center o3 I‘f"ﬂ
and Gal Ridge. The DM signal PN T =
must not excede that. Qe ¢ : BE

Galactic latitude b (deg)

-
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-1

Galactic longitude | (deg)js

ESS coll.



HESS has detected 7y-ray 4

emission from Gal Center o B -

and Gal Ridge. The DM signal £ ~ !g

must not excede that. =W £
3 g L=

Galactic longitude | (deg)

a) M = 10 TeV into W W™, Galactic Center

TVann = 107 %3cm? /sec
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HESS has detected 7y-ray
emission from Gal Center
and Gal Ridge. The DM signal

must not excede that.
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m
o

a) M = 10 TeV into W* W™, Galactic Center b) M =1 TeV into u~ ™, Galactic Ridge

0~ *°cm? /sec
T 17T I T

TVann = 107 %3cm? /sec 0?{3;19 =1

10711 F

E’* dN,/dE in TeV/cmsec
dN,/dE in 1/cm?sec TeV sr
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HESS has detected 7y-ray
emission from Gal Center
and Gal Ridge. The DM signal

must not excede that.

Galactic latitude b (deg)

Moreover: no detection from
Sgr dSph => upper bound.

a) M = 10 TeV into W* W™, Galactic Center b) M = 1TeV into u~ u", Galactic Ridge
OVann = 1_0_230m3/sec |

T T 1T

TVann = 107 %3cm? /sec

10711 F

E’* dN,/dE in TeV/cmsec
dN,/dE in 1/cm?sec TeV sr

1

] l [ I [ TTTTT I T TTTII I T TTTTT [ T TTTTT

1

[—

v energy in TeV v energy in TeV




Several observations detected

radio to IR emission from the
Gal Center. The DM signal

must not excede that.
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Several observations detected

radio to IR emission from the
Gal Center. The DM signal

must not excede that.

Davies 1978 upper bound
at 408 MHz.
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Several observations detected

radio to IR emission from the
Gal Center. The DM signal

must not excede that.

Davies 1978 upper bound
at 408 MHz.

VLT 2003 emission
at 1014 Hz.

integrate emission
over a small angle
corresponding to
angular resolution
of instrument
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DM DM - u*u~, NFW profile

I
L
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—
=
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-
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The PAMELA
and ATIC
regions are in
contlict with

103 10* gamima,

DM mass in GeV constraints.
Bertone, Cirelli, Strumia, Taoso 0811.3744
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DM DM - e” e, NFW profile ) DM DM - u*u~, NFW profile DM DM - 7717, NFW profile

1
1

avin cm” fsec

rv in cm’” fsec
. 1
v in cm’ fsec

10° ‘ 10° ‘ 10°
DM mass in GeV DM mass in GeV DM mass in GeV

DM DM - tf, NFW profile
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v in cm’” fsec
1

v in cm- fsec
- 1
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DM DM - e" ¢, isothermal profile DM DM — ™ u~, isothermal profile DM DM - 171, isothermal profile

R [T oo [ TS, : L‘\ —
- | . ) \ ' P
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R =

1

orvin em” fsec

1

orvin cm- fsec

10° 10 : 10° 10° : 10° 10°

DA mass in GeV DM mass in GeW DM mass in GeV

DM DM — W™ W, isothermal profile DM DM - 11, isothermal profile
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Indirect DM searches are powerful and promising.

The recent PAMELA results might be a breakthrough:
excess in positrons, nothing in anti-protons.

Would anything go with PAMELA%? Not at all!

DM must - annihilate into leptons (e.g. p 1) or
- annihilate into W W~ with mass > 10 TeV

and you need a huge flux.
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DM must annihilate into pu*p~ and have Mpy ~ 1TeV
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But: gamma and synchrotron constraints are severe!
Need a not-too-steep DM profile.



Indirect DM searches are powerful and promising.

The recent PAMELA results might be a breakthrough:
excess in positrons, nothing in anti-protons.

Would anything go with PAMELA%? Not at all!

DM must - annihilate into leptons (e.g. p 1) or
- annihilate into W W~ with mass > 10 TeV

and you need a huge flux.
Not your garden variety vanilla, DM...

Adding balloon data (ATIC, PPB-BETS):
DM must annihilate into pu*p~ and have Mpy ~ 1TeV

But: gamma and synchrotron constraints are severe!
Need a not-too-steep DM profile.

Future data (PAMELA, ATIC, GLAST/Fermi) will be crucial.
Will it be just some young, nearby pulsar?






Most of the Universe is Dark.

FAvgQ: what’s the difference

2
>0y, between DM and DE’

,ﬁ% DM behaves like matter

- overall it dilutes as volume expands
- clusters gravitationally on small scales
-w = P/p =0 (NR matter)

(radiation has w = —1/3)

g DE behaves like a constant
- it does not dilute
- does not cluster, it is prob homogeneous

=i~ —1
= /p a 47TGN

- pulls the acceleration, FRWeq. — = — 5
a

(1 —3w)p
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http://cosmicweb.uchicago.edu
http://cosmicweb.uchicago.edu

2 10° C.

Andrey Kravtsov, cosmicweb.uchicago.edu [back]


http://cosmicweb.uchicago.edu
http://cosmicweb.uchicago.edu

2dF: 2.2 10° galaxies

SDSS: 10° galaxies,
& billion lyr

Millennium:
1010 particles,
500 h'! Mpec

Springel, Frenk, White, Nature 440 (2006)



How would the power spectra be without DM?
(and no other extra ingredient)

CMB LSS

-
<
AV
N’
~
LY
N’
o,
(v ]
-~

Multipole ¢

(you need DM to gravitationally

“catalyse” structure formation
(in particular: no DM =>no 3™ peak!) y )



Propagation for positrons:

o0f 0
2 2
) K(E) N (E) ) =
diffusion o
. - gy loss
(in turbulent B ~ uG,
assumed space indep.) b(E ) gE / GeV) / TE
K(E) = Ko(E/GeV)’ T = 101°
1 AN, )
Q o 2 (MDM> fmp finj == ;<Ov>k IE
Model 6 Ky in kpc?/Myr L in kpc
min (MQ) 0.99 0.00595 1 -
med 0.70 0.0112 4 {
max (Ml) 0.46 0.0765 15 E
Solution: :
t+ TE e / / /
— 6
(De+<E7T®) B4 E2 i Q(E)[O‘D(EvE))
P / Seed 310 -"
A\ = 4Ko7E [(E/Ge\/) — (1E /GeV) ] 0. 05 J_JE:I._ - ﬁl.l::'..-J-l:l.-[:'




Where do positrons come from®

Mostly locally, within 1 kpc " belahaye et ol (2008)
(more so at higher energy).

o
m

o
o

Typical lifetime (due to syn rad & IC):
TeV 1

E iaNe g
(5M—G> +1'6eV/cm3
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T~ 5-10°yr
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(w = density of IS photons)
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Results for positrons:

Astro uncertainties:

- propagation model
- DM halo profile

- boost factor B

=
=
35
3
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o
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=
By

DM halo model: NFW

HEAT 94+95
CAPRICE 94

e’ energy in GeV

10°
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Results for positrons:

P MED propagation
Astro uncertainties: :
. CAPRICE 04
- propagation model

- DM halo profile
- boost factor B

o
o
B
Q
S
&
o
o
=
o
%
o
o

Distinctive signal, Boost =30
1 2
quite robust vs astro. 10

Energy in GeV
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Propagation for antiprotons:

0 0
8{ K(T) ; v2f | az (Slgﬂ(Z’) f‘/;:()nv> B Q = Oh 6(2) Fannf

diffusion convective wind spallations
K(T) = KoB (p/GeV)°
I’ kinetic energy

Model ) Ko in kpc?/Myr L in kpc  Viony in km/s

min  0.85 0.0016 1 13.5

med  0.70 0.0112 4 12

max 0.46 0.0765 15 5} |
Solution: [

2

, sl 1 1 p
§(T,7y) = B2 Ty tounse s
o17o) =B " (M) AN L i

Astrophysical function B(T ) in Myr

| =
| 4
| =3
=

10° 107 10

7 kinetic energy T in GeV
P kinetic energy T 1in Ge [ba,Ck]



Solar wind Modulation of cosmic rays:

dP; = do;
P@:p@ p T:T@—|—|Z€‘¢F

dT p? dT° ,
- Fisk
spectrum spectrum potential o ~ 500 MV
at Earth far from Earth

(11yr) Solar Cycle Variations
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Solar polarity Modulation of cosmic rays:

solar magnetic polarity reverses at (the max of) each cycle;
during ‘- polarity’ state, positive particles are more deflected away

+solar | o R
polarity polarity

(11yr) Solar Cycle Variations

AMS-01
Ca,price

)

m 2
o
(@)]
N

[

Irradiance ( /ar are Index
Sunspot Observati 10.7 Radio Flux
1975 1980 1985 1990 1995 2000 2005

N
W
(@)
&)

=
Q
O
C
O
©
(U
—
—
—
O
O
)



Background computations for positrons:

4.5 E9-7 \ma,in source: CR nuclei

bk
s spallating on IS gas

e’ 14650 E23 + 1500 F4-2

(I)bkg i (I) kg, prim _I_ (I)bkg,sec b 016 E_l'l : 070 EO,7

(&

On the basis of CR simulations of

More recently:

c
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o v—
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We marginalize w.r.t. the slope
& p—+10.05
and let normalization free.

energy in GeV



Background estimation for positrons:

T. Delahaye et al. (2008)

electrons
HEAT 94+95+2000 A

CAPRICE 94 =
MASS 91 O
PAMELA 08 @

/(et+e")

~
QL
o
o
e
U.
¥
e
-
=
o
L
a4
C.
o

MIN prop

: MED prog = 600 MV
using new SR F
measuremens of MAX prop
electron fluxes 10

TOA Positron energy |[GeV]




Background computations for antiprotons:

log,o®s ¢ = —1.64 -+ 0.0F 7 T IS (128 r = log, T/GeV

T. Bringmann & P. Salat {2006)

BESS 95+97 BESS 98 AMS 98  CAPRICE 98

SECONDARY SPECTRUM

PROPAGATION UNCERTAINRY BAND

Solar Minimum with ¢, = 500 MV

Scan with B/C compatible data and AL

We marginalize w.r.t. the slope
& p—+10.05
and let normalization free.




Results for anti-protons:

Astro uncertainties: DM halo model: NFW

- propagation model
- DM halo profile

- boost factor B
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Results for anti-protons:

MED propagation

Astro uncertainties:

- propagation model
- DM halo profile

- boost factor B
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Which DM spectra can fit the data®?
Ok, let’s insist on Wino with: -mass Mpy = 200 GeV

_annihilation DM DM — WTW ™~

If one: - assumes non-thermal production of DM

- takes positron energy loss 5 times larger than usual

- takes “min” propagation only

- gives up ATIC

- neglects conflict with EGRET bound (4 times too many gammas)
then:

Positrons:

Pasitron Flux for 200 GeV WIMP with Varying Propagation Model

Anti-proton flux for 200 GeV WIMP with Varying Propagation Model

PAMELA data ————

Astro Background
Signal with Background (min) -
Signal with Background (max) =-=====

Pamela Data ———

Astro Background
Signal and Background (max) -------
Signal and Background {min) oo
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Electrons + positrons from Fermi-LAT:

Fermi detects gammas by pair production: it’s inherently an e’e detector

1 year of Fermi-LAT data

simulated
Fermi-LAT

simulated b III .

Fermi-LAT
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Which DM spectra can fit the data®?

ATIC-2
PPB-BETS08
EC

10° 10°

Energy in GeV



N ation?

- see S.Profumo, 0812.4457

T.Delahaye et al., 09.2008
Casadei, Bindi 2008

- difficult to get PAMELA slope
- does not explain ATIC or HESS

Dogiel, Sharov 1990

- does not work at E > 30 GeV

Coutu et al (HEAT), 1990

- maybe, constrained by gammas

ICRC 1990 -'low energy and low flux

Joka 0812.4851




