| Ne. COSMIC POSIEREEXCESS
%7 " e “ | et ‘ '“" Y ” .\ '\‘ﬁ?,"‘f‘.&-\‘t' e, ; :
: 3 ;.‘ ' A l\‘s-:. Qe 6 X .‘L .‘ " :“_

Siaiions

>

.. N p ’ . «
foe - g P RS

martedi 15 ottobre 13



o o
W -

o
n

[

o Muller & Tang 1987

o
—A

MASS 1989 -
TS93 1
HEAT94+95

CAPRICE94

AMS98

=
)
S
=
+
:\
)
S
S
S
~
p—
+
)
S~
=
c
o
e
(&)
(44
-
—
c
)
-
=
7))
o)
o

HEATO00
Clem & Evenson 2007
PAMELA

100
Energy (GeV)

Adriani-et-aliPAMELEAcoll:l;-Nature:2008

martedi 15 ottobre 13




=
k)
S
=
+
:—\
)
S
S
S
~
p—
+
)
S
>

under the “standard™ assumption
that e are produced only by CR
nuclel scattering in the interstellar
medium

and using pre-Fermi e+ e* data

Positron fraction

100
Energy (GeV)

Adriani-et al.. Nature 2008
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Fermi-LAT:coll:PRLZ2009:PRD2010

A Kobayashi (1999) o AMS (2002)

A CAPRICE (2000) g ATIC—1,2 (2008)
¥ HEAT (2001) % PPB—BETS (2008)
& BETS (2001) v HESS (2008-09)
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Compatible with a Power-law with y(e*) = 3.045 + 0.008

anisotropy stringent limits (see below)
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A Kobayashi (1999) © AMS (2002) @ FERMI (2010)
A CAPRICE (2000) g ATIC—1,2 (2008)
'+ HEAT (2001) % PPB—BETS (2008)
o BETS (2001) v HESS (2008-09)

E* J(E) (GeV'm™s™'sr™")

v

H.E.S:S:coll.:ZAstron. & -Astroph:2009

spectral steepening above ~ 1 TeV
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—&— Fermi 2011
—e— PAMELA 2009

—&— AMS 2007
—&— HEAT 2004

iy y Eﬁ* | S
w%** | v [, A
SN

10
Energy (GeV)

{.

Positron Fraction

Energy (GeV)

viet) = 2.77x014 = y(p)
— et cannot be CR secondaries !!

see below
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® softer than PAMELA
between 20 - 250 GeV

e energy [GeV]

® hints of a flattening above

D, — O, Ee + CE e b/r

® no anisotropy

B, = C, E7 + C,E Ve E/E
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Energies and rates of the cosmic-ray particles
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Galactic Bulge Norma Arn

Scutum Arm

L =1-10 kpc

CR (p and He mainly) spallation-onto the ISM gas produce secondaries

P+ PiSM = .o +TI5 2o +et

P+pPism 2 pPp+p+p+ P
secondary nuclei: our reference
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CRs obey essentially a diffusion equation (Ginzburg & Syrovatsky, 1964)

Dirtusion fensor

s Energy loss ~eaccelerarion
D(E) = Do (p/po)

p = rigidity ~ p/Z Convection term

SN source term. Spallation cross Total inelastic cross
We assume everywhere section. Appearance section.
a power law energy spectrum of nucleus i due to Disappearance of
\spalla’rion of nucleus jj nucleus |

A large number of parameters to be fixed against multichannel CR data !
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st ee sl *  Primary propagated spectra depend on
diff. + source: if D o< ES Q x EY
Np~E¥°

x - S/P ratios depend on diffusion only:

o
J
o
®)
~
0

Ne/Np =~ E°
degeneration Do - L

Energy(GeV/n)

Below ~ 100 GeV several other effects are relevant
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x  Primary propagated spectra depend on

diff. + source; if D o< E° Q &« EY
N~ Ev:0

S/P ratios depend on diffusion only:

O0O0O000

NP UN—
XX XXXX
jelchohohohol

m Ulysses (1998) NS/Np <2 E _6

e ACE (2001)

e ISOMAX (2004)

. | il degeneration Do - L

Below ~ 100 GeV several other effects are relevant
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Several ways of solving the transport equation:

® semi-analytic models: assume simplified distributions for sources and gas, and
try to solve the diffusion equation analytically

Pro: fast, sometimes easy interpretation
Con: can hardly model e*at high E hence synchrotron and diffuse y-rays;

® numerical models are required to deal with more realistic physical conditions
most commonly used package
recently developed (faster, new features)
Pro: comprehensive. They allow multi-channel analysis
Con: slower (is compensated by faster parallel computation)
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L. Maccione, C. Evoli, D. Gaggero, D.G.

several inputs from |. Gebauer and coll. (KIT)

p solve the diffusion equation on a 2D+ (r,z,E) and 3D+1 ( )
(x,,Z,E) grid . In 2D reproduces GALPROP under same conditions

p realistic distribution for sources and ISM

p position dependent, anisotropic diffusion ( )

» can model diffuse Y-rays, synchrotron, neutrinos ( ) emissions.
pfaster (better memory allocation, linkable library)

to treat DM product propagation
consistently with ordinary CR

» public: http://dragon.hepforge.org/
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http://www.desy.de/~maccione/DRAGON
http://www.desy.de/~maccione/DRAGON

Di-Bernardo et al--Astropart-£hys.. 2010, 2011
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Standard approach:

* the propagation parameters are tuned to reproduce
secondary/primary nuclear ratios

* D, He and primary e source spectrum: are tuned to
reproduce CR data (a power-law Is adopted as follows
from Fermi acceleration theory)

o [he secondary et propagated spectrum is computed
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APAMELA 2011 [e7]
@ PAMELA 2013 [e’]
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data yiet) ~ 2.8 above 20 GeV
simple propagation theory (see €.g. Bulanov & Dogel )

Ve =yp) -+ 062 + 0.5
primary —diffusion  energy losses

since Y(p) = 2.7-2.8 positrons cannot be only secondaries !
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An electron + positron charges symmetric.component with source
Spectrum

Niet)oc B 2exp(=E/1 TeV)

IS added to the standard background

Ackermann et-al: [Fermi=lLAT coll.],-PRD-2010
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A Kebayashi (1998) o AMS (2002) @ FERMI (2010)
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This Is a “toy-model™ where electron and positrons
sources are treated as a continuos azimuthally

symmetric 2D (r,z) distribution similarly to what done
for CR nuclel
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Average loss length due to
synchrotron and 1C

et A100 GeV) =1 Kkpc
A(l - TeV) =500 pc

 year

I,
é
o
Q
@
<
&

o A= (ngas Opp )_‘| >> 1 kpC

= B for E 2 100 GeV electron loss
\EE) = o [ D(sz)gE ength is comparable to

0 astrophysical SNR mutual
distances | A smooth source
approximation is often
Inappropriate

b(E) = bo E?
bo=1.4 107 GeV! g




Rockstroh et al, (Radio) 1978
Golden et al, 1984

Tang 1984

Golden et al, 1994
Kobayashi et al, 1999
Boezio et al. 200

DuVemois et al. 2001

Torii et al, 2001

Aguilar et al. 2002
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Kobayashi-et:al: 2004 Fohl& Esposito 1998
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Why to consider a 3D model of CR propagation !

® The Galaxy star (SNR)
distribution is far from being
smooth due to the presence
of Galactic arms

| VWVe sit between two arms.
- Closest arm is ~ 500 pc away
This is comparable with the

electron loss lenght for
E> 100 GeV
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x [kpc]

B T [
00 0.1 02 03 04 05 06 0.7 08 09 1.0

Gaggero, Maccione, Evoli, Di Bernardo,
DG, PRL 2013

= 2D
clearly unrealistic !!
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x Puylsars

x Secondary production in:Supernova: Remnants (SNRs)

n Dark Matter
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e(.05-500 GeV) e (1-10 TeV)

Rotational energy + Induced electric field >

ey . electron-positron pairs
strong magnetic field electron extraction % P

€+ should be trapped until the SNR is
dissipated or the pulsar get out due to
its proper motion

it takes ~ 10%- 10° years

Fruchter (1995)

=) shock wave formation == Fermi acceleration of the e*
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Blasi & Serpico 2008; Blasi-& Amato-2010

¢ A nearby middle-age pulsar
may-explain: PAMELA (high
efficiency Is required)

¢ the required hard spectral
I=110,000 years eo_ slope is found also in y-ray
E.+=3x10"" erg (8x10* erg) s

D=290 pe IS data (though at lower
5 10 20 50 100 eﬂel’gieS)

B0656+14-Like Source

¢ a large anisotropy in the e
+ e" flux Is expected at a

level detectable by Fermi-
LAT
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Bumpiness problem in the e + et spectrum (source stochasticity)

¥ HESS (2009)
FERMI (2009) [PRELI

0 var oo D:Gretal Fermi=LAT . coll:2009
O AMS-01 (2002)

MINARY]
TIC-1,2 (2008) 1
X PPB-BETS (2008)
V HESS (2008), _ = : \ @
T e O st LT 4 N
23 sl 1.;.‘;5':"";':?_" = ,f;‘.ﬁr = F N iy

et
g d e

T
3 (Gev%

3 The flux from all oloserved pulsars
= with-all observed pulsars with d < 2
Kpc Is.computed analitically and
consistently-added to the
packground -computed with
GALPROP/DRAGON (2D)

2
'O
n
T
n
o~
1
£
>
[
O
N2
~
L
~—
=
B
L

A Kobayashl (1999) O AMS (2002) e FERMI (2010)

Also the lbackground should e
HETaa” S § subject to source (SNR) stochasticity

Di-Bernardo, Evoli, Gaggero, DG, Maccione 2011

E* J(E) (GeV’m™s™'sr™)
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Anisotropy problem in the e + e* flux

Anisotropy =

3D AN B e s R e N N TSR
N e ( (L= 0B/ Ean(t) ) Niot(E)

No-anisotropy. observed by
Fermi-LAT yet !

>

Q.

o

— 2
° 10
L.

c

i

Ackermann-etal-[Fermi-LAT coll:] ;, PRD 2010
Di-Bernardo, Evoli, Gaggero, DG, Maccione 2011

10*
Minimum E (GeV)
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No anisotropy (limits however are less stringent than Fermi-LAT)

Preliminary
AMSO0-02 positrons

—

-
<

-
o
X
n
o
g’
*
E
3
o
@
o
Q
-
)

0<0.030 for 16<E<350GeV

10?2 @asausi|AMS=02:col[HICRE2013
Minimium Energy (GeV)

E <350 GeV

Anisotropy
o

10*
Minimum E (GeV)
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No sign of bumpiness and softer spectra

Electron plus Positron Spectrum

o AMS-02 compared with prewous data
T | IIII‘I‘ EEE

PAMELA ® AMS-02
: ATICO1&02 22001 & 2003) re I m I n a r
Fermi | BETS04 2004)
BETS97&98 21997 & 1998)

. CAPRICE94

Fermi-LAT gzoos

HEAT94895 1994 8 1995)

HEAT95
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h@ ICRC 2013 Electron Spectrum &) ICRC 2013 Positron Spectrum

10°

—asezis | Preliminary:

*— HEAT 2000

Preliminary

s o o
: 9 o4 | I

b - §-» .

' G 2 ¢ T'»rfo—o

E® Flux [GeVzl(s srm? GeV)]
E® Flux [GeV /(s sr m? GeV)]

AMS-02 2013
PAMELA 2010
HEAT 2000

107 T TS
E "
NGy eey] Energy [GeV]
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CTA may put strong constraints

Linden & Profumo 2013

s Fermi-LAT (1yr —_CTA (1000 hr
—  Fermi—LAT (5vi — ——CTA (3000 hr
—_HESS (3000 hr)
— - —HESS (5000 hr)

~
<]
S
.
Q.
@)
—
-
@)
A
a
<

— eminga
m— MONnogem

Energy (TeV)
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=y On small scales propagation in

AR R turbulent magnetic field is not
spherically symmetric (as
generally adopted)

rather it takes place along
streams

the olbserver may not be
reached by a significant flux
even in the presence of
several nearby sources

100 pe

Kistler, Yuksel - & Friedland 2012
Giacinti-& Sigl-PRL-2012
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vHess 2008-2009 [e" + e] ©oAMS-01 [e] A PAMELA 2011 [e7]
e Fermi 2010 [e' + e7] ® Fermi 2011 [e'] APAMELA (derived)

x
ey

~ N
S e,

| —— Ew=10Tev .\ _
Eee=1TeV | obtained under the

102 10° hypothesis that the extra-
component sources are
distributed along the
Galactic arms !

*J(E) (GeVm™s™'sr™)

Undetectable anisotropy is
expected in this case

i Fei‘ll;l 20 11

_— — o PAMELA 2009 : ; .
Ecue = 10TeV = Gaggero, Maccione, Evoli, Di
Ecut = I TeV

Bernardo, DG, PRL 2013
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comparison with PAMELA

APAMELA 2011 [e]
® PAMELA 2013 [e’]

IL«
H(/)
I(/)
=
R
O
@)
S
—~
=
L)
2

e+ and e- can be consistently be
reproduce using a realistic charge
dependent solar modulation model
see Maccione PRL 2013

obtained under the
hypothesis that the extra-
component sources are
distributed along the
Galactic arms !

Undetectable anisotropy is
expected in this case

DRAGON team, in progress
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the radio spectrum, the
time dependent PF and
e’ spectrum are
consistently

reproduced for the first
time.

see Di Bernardo et al.
JCAP 2013
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®* Fermi acceleration generally predicts

Y source (e-) = Y source (P) < 2.3

* Radio observations (synchrotron) of
SNRs implies

<Y source (e)> = 2<Yradic™> + | =
2.0+ 0.3

* The presence of the extra-component
implies a steeper background

Ysource (e-) — 2.6 - 2.7 !!

* Accounting for energy losses between
galactic arms we find

Ysource (e-) — 2.38



Blasi, PRL 2009, Blasi & Serpico:2009

e /e +¢€

Solid ine — E___ =100Tev Middle age SNR are expected

m‘GX_ (R

fasg-deldneimbrgeiolec 'to Contrlbute mOSt

dotted line — E o :"f_—f-.

max

Most SNR are in the Galactic
arms = our previous results

naturally-apply to this scenario

No detectable bumpiness anad
anisotropy 1S expected
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Blasi, PRL 2009, Blasi & Serpico:2009

h AMS-02 simulated

n-5
v, | B R S SN S SN T S S S SN SRR R SR ST S S |

Boron-to-Carbon ratio compared with previous data

v+l Preliminary

g ¢ * AMS-02

. { 1 | “QI 10% of total exp‘ected data
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Matter Annihilation Interpretation

Scutum Arm

Crux Arnm

OQuter Arm NG A Carina Arm

Perseus Arm
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Main (harsh) demands:

A) 7

® very large cross section/boost factor
(<ov>~10 2 cm3/s ratherthan <ov >~ 3 10 “%® cm?3/s
as expected from standard cosmology). Rather difficult to get.

® my ~1 TeV (smaller would be in contrast with Fermi; larger would
be in contrast with HESS). SUSY model tipically predict smaller
masses

® do not overproduce antiprotons (only leptophilic models)

® do not overproduce y-rays from the Galactic center, dwarf
galaxies ..

martedi 15 ottobre 13



Viable models invoke (pseudo)scalar particle(s) which may decay mainly into leptons (such to avoid PAMELA
antiproton constraints) and boost the annihilation cross above the value expected from standard cosmology due to
the Born-Sommerfeld effect

Y¢ HEAT (2001) ¥ HESS (2009) In the ﬁgur’e:
;-:“_‘ BETS~(2001) @ FERMI (2009)
B ATic—1.2 (2008) ‘ mx=3TeV <Ov>=12x 102 cm?s
X PPB-BETS (2008) ; T PR . : +
annihilating mainly in T*

V HESS (2008) . o - o
see e.g. Bergstrom et al. 2009

Computed with DRAGON + DARKSUSY
this allows a consistent treatment of DM
products and CR background propagatior
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Cirelli 2013

PAMELA 2008 FERMI 2010 LE
A A ALYL . A NVVO ..v ﬂ)
PAMELA 2010 _ i FERMI 2010 HE

FERMI 2011 I—iEx _w

N

“/em” sec sr
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PAMELA 2008

PAMELA 2010

=
Q
=
&
—
a
=
—
=

anti—proton flux [1/(m* sec sr GeV))
E? (e +e*) GeV

10 10?

Positron energy in GeV

mx =3TeV <ov>=12x 102 cm3?s annihilating mainly in T*
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Use Fermi e* + ¢ Use PAMELA e
Yan et al. 1304.1408 (naive background)
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see also Cholis & Hooper 2013
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Yan et al.
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Use Fermi e™ + e

1304.

1408 (naive background)

1 lllllll

bkg — —

pSr -~ - -

total

-~

1 lllllll

llllllll lllllx P rrrrl

HEAT94+95

HEATOO
PAMELA +——
AMS-02 +—=—

Mool

ool

7’
1=~ 1 lzllllll 1 1 lllllll L1 L1 111

10°

10’ 102 10°

E (GeV)

IIIIIIII

1

bkg &

bkg e”+€&
psre+e
total e*+&”

T IIIIIIII T 1 T rrrr

PAMELA —e—

ATIC —s—
HESS
Fermi-LAT

1 IlIlllI

1

v
4

.
-
‘
4
"l
' 4
/
. Ll

-
-
-
[~
1

E3dN/AE (GeVPm™2s'sr)

Use

PAMELA e

—

llllllll 1 1 lllllll I IIIIIIA I

bkg — —

psr - - - -

total

1T el

HEAT94+95

HEATOO0
PAMELA +——
AMS-02 +—=—

1 1 lllklll 1 1 lllllll

L1 11 111

1 lllllll

|

1 L1 L1l

10°

10’ 102

E (GeV)

108

1 I lllllll

llllll

T lllllll]

bkge -

psre - -
total e

1 Illlllll T

' PAMELA

—e—q

T LR

1 1 lllllll

1 llllllll

1 llllllll




Yan et al. 1304.1408
107"

-

_a — ) 7
2 . .
— Fermi dwarf

| —d :
74 Fermi GC

|-a Use Fermi e + ¢ ll-a Use PAMELA e

This should be taken with caution since data sets may
not be compatible and the background was not
computed in the proper way !
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produced by decay/brem. of hadronization products + internal lorem.

the flux strongly depends on the DM profile

Fermi-LAT constr. from Gal. Center data
Cirelli, Panci, Serpico-09:CirelliZ2043
(background not subtracted)

DM DM - upu, Einasto profile DM DM - uu, NFW profile

| Einasto

-3 -2 -1 0 1 2
Log R [kpc]

DM DM - uyu, Iso profile

FERMI 5°x 30°
FERMI 10— 20
FERMI Gal. Poles

FERMI Gal. Poles — — —

10°
m, [GeV]

martedi 15 ottobre 13

10°
m, (GeV]




Fermi=LATcoll-arXivil310.0828

— Observed Limit

—= Median Expected
68% Containment
95% Containment

15 dwarf galaxies
assuming NFW
DM profile

TTTm T T

W+W- 3
103

Mass (GE‘.V/C‘.Z) Mass (GeV/c?)
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Doro et al. arXivi1208.5356

100"t observations
CTA projections of several dwartf galaxies

Sculptor, bb

Ursa Minor, bb
Segue 1, bb
Segue 1, 1*t
Segue 1, u*u”
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Bergstrom et al. (2013
— T T T T

3)
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m, = 100 GeV
(ov) = 3 x 10726 em?s~!
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Bergstrom et al. (2013)

AMS-02
m, = 10 GeV
m, = 100 GeV
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Bergstrom et al. 1306.3983
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Ciafaloni et al.
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,JCAP 03 (2011) 019

naively might expect electroweak

corrections to be negligible:
oo In M2 /M2,0r asln® M? /M3,

for 100 GeV typically of O(0.1) %

even at a few TeV only O(30) %
but:

— evade helicity suppression

see e.g. Bell, Dent, Jacques, Weiler

prevents leptophilic or
hadrophobic models

— changes spectral shape
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This is mainly due to the uncertainty on the CR propagation parameters
Evoli, Cholis, DG, Maccione, Ullio 201
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For a given DM model, the main uncertainties are those on the

oropagation parameters and the DM density profile
Evoli, Cholis, DG, Maccione, Ullio 2011

Einasto DM profile

m, = 200 GCeV
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The dominant uncertainty source is that on the diffusive halo height
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Evoli;-Chalis;-DG;-Maccione;-Ullio- 2011

lOO 200 :300 /100 f ) ¢ - ¢ .I.-O 1-5 2~O ?.‘5 TB.O :3.5 /1-0
m, [GeV] : m, [TeV]

(motivated by SUSY. and with sizable guark
PAMELA e* anomaly) coupling - (motivated by direct (motivated by PAMELA, Fermi,

_ detection recent results HESS
W'Wwl - wtw-—

Models with My < 500 DAMA and CoGent A consistent interpretation
GeV are excluded for the Preterred regions are of PAMELA and Fermi is still
most favored setups disfavored for most setups allowed
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Cirelli-&Giesen 2013

Annihilation constraints from antiproton flux Astrophysical uncertainties on the constraints

annihilation cross section {(ov) |cm3/sec|
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Cirelli-&Giesen 2013

Decay constraints from antiproton flux Astrophysical uncertainties on the constraints
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Boron-to-Carbon ratio compared with previous data

Preliminary .
* AMS-02
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W-ino WIMP
mx = 200 GeV

<ogv > =3x102cm3/s

—1 0
Log Kinetic Energy [GeV/n]
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Cirelli- & Giesen2013

Pure Background Observed Excess
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according to Cirelli & Giesen 2013

Anmhilation sensitivities from antiproton flux Decay sensitivities from antiproton flux
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this is assuming a given propagation model and halo profile

This is a promising approach if the uncertainty on this quantity
can be reduced
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"*Be/*Be for model (D_0xx=6.04x10* cm#/s, L=5 kpc, a=0.41)
Thin L =1 kpc
e modulated ¢=450 MV

% Ulysses [ local interstellar
o MP-7/8 : / —+4— expected AMS-02 (1 yearn)
A ISKE-3
0O Voyager
® ISOMAX

O Balloon flights

— —] 1

1 10
- kinetic energy [GeV/nucleon]
Log Kinetic Energy [GeV/n]

It 1s still unknown (to me) the current AMS-02
sensitivity 1o this guantity
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E* J(E) (GeV’m™s™'sr™)

T

E m Fermi 2011 Ie’]

E* J(E) (GeV’*m™s™'sr™)
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only second.

KRA setups

Di Bernardo, Evoli, Gaggero, DG, Maccione, 2012



Bringmann & Donato 2011
Di Bernardo, Evoli, Gaggero, DG,-Maccione,-2012

4OO< | < 1000

: exp proflle |
-— Gaussian
step

point and local radio sources are masked out

Zt < 2 Kpc excluded at 3 ©

a thick halo Is favoured
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The Planck sky

The Planck one-year all-sky survey Lesa () ESA, HET and LT consartio, My 2010
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A full Montecarlo analysis using
o DRAGON (or a similar 3D -code)

o multichanell AMS-02 (and in-future CALET) nuclear and lepton
data

® recent improvements in solar modulation modeling
® constraints from synchrotron and diffuse gamma-ray data

should allow to sensibly reduce the astrophysical uncertainties
making antiproton a valuable DM indirect search channel
complementary to gamma-ray observations.

martedi 15 ottobre 13



® [he CR positron anomaly is confirmed and it needs a primary. (almost
symmetric) et and e primary component with-a hard spectrum

® Electron propagation has be treated taking into-account the spatial
distribution of sources. This requires 3D propagation codes

® [he absence of bumpiness and anisotropy:are not compelling
evidences to exclude the astrophysical solutions

® Extra-component sources located in the Galactic arms can very well
describe the available data: Pulsars are still the most natural
candidates  (but the details of the acceleration mechanism have to be
understood).

o SNR secondary acceleration is disfavored by antiproton and nuclear
data. This should be further constrained (or confirmed) by AMS-02
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® | epton data alone may hardly allow to decide between the
astrophysical and dark matter interpretations

e Dark matter is still a viable interpretation which-may: be tested using
gamma-ray (especially from dwarf galaxies) and antiprotons

® [he latter channel requires a multichannel analysis and dedicated
numerical tools
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Galper et al. 2012

Space-based experiments Ground-based experiments

Fermi | AMS-2 | GAMMA-| H.E.S.S.-11 | MAGIC
400

Energy range,

GeV 0.02-300 | 10-1000 | 0.1-3000

Field-of-view, sr 2.4 0.4 ~1.2

Effective area, m’ 0.8 0.2 ~0.4

Angular resolution
(E, > 100 GeV)

Energy resolution
(E, > 100 GeV)
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