Oringins of GeV-TeV scale
Cosmic-Ray Physics
(Dark Matter vs Pulsar/SNR)

Yong-Yeon Keum
IBS, Seoul National University

CosPA 2015
12-16 October, 2015
KAIST Munji Campus, Daejeon in Korea




Contents:

Motivations

PAMELA-CREAM Anomaly
Understanding of power-law behavior

Green Function Method
Resolve the CREAM-PAMELA Anomaly : A&A 555 A48 (2013)

Production of Antimatters in the Galaxy :
PAMELA and New AMSo2 data (positron and antiproton flux)

Some Hopes (Dark-Matter vs Pulsar Scenarios)

Results and Discussions



Motivations:

Why GeV-TeV scale Cosmic Ray Physics are so
interesting and important ?

-- Recently many observation data came out:
CREAM, PAMELA, FERMI, HESS, AMSo2, .....

-- Hopes to understand the property of Dark-
Matter, Anti-Matter, Diffusion and Transport
Mechanism of CR.



Introduction-o1

DM exists

galactic rotation curves

DM is a neutral, very long lived,
weakly interacting particle.

Some of us believe in
the WIMP miracle.

- weak-scale mass (10 GeV - 1 TeV)
- weak interactions ov = 3 - 10~ %%cm? /sec
- give automatically correct abundance
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A matter of perspective: plausible mass ranges
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Dark-Matter Search:

direct detection
Xenon, CDMS, Edelweiss... (CoGeNT, Dama/Libra...)

production at colliders
LHC

”Y from annihil in galactic center or halo
and from synchrotron emission

Fermi, ICT, radio telescopes...

indirec from annihil in galactic halo or center
PAMELA, Fermi, HESS, AMS, balloons...
from annihil in galactic halo or center

(7 from annihil in galactic halo or center
GAPS

I/, I/ from annihil in massive bodies
SK, Icecube, Km3Net




Primary Cosmic Ray Sources:




PAMELA and AMS design goal performance:

(GeV-TeV Energy Range)

Particle Energy range for PAMELA  Energy range for AMS-02

P 80 MeV - 190 GeV up to 400 GeV
et 50 MeV - 270 GeV up to 400 GeV
e up to 400 GeV around 1 TeV

p up to 700 GeV around a few TeV
et o™ up to 2 TeV around 1 TeV

Light nuclei (Z<6) up to 200 GeV/n around a few TeV
Light isotopes (D, *He) up to 1 GeV/n up to 8 GeV,/n

Antinuelei search sensitivite to 10~7 in He /He 10~2 in He /He




Basic Ingredients of the CR Physics

Most studies of GeV Galatic Cosmic Rays (GCR) nuclei assume a steady
state/continous distribution for the sources of cosmic rays, but this
distributions is actually discrete in time and in space.

A stady-state model describes well many nuclei data (Ex: GALPROF).
The Current progress in our understanding of CR physics (Acceleration,
Propagation), the required consistency in explaining several GCRs
manifestation (nuclei, gamma,...) as well as the precision of present and
future space mission (e.g.. INTEGRAL, AMS, AGILE, GLAST) point
towards the necessity to go beyond this approximation (steady-state model)




Diffusion and Transport of Cosmic Ray

diffusion

0 0

oF 0z

energy loss convective wind source

Salati, Chardonnay, Barrau,
Donato, Taillet, Fornengo,
Maurin, Brun..."90s,'00s
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Cosmic Ray Transport:
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Our New Method: Green Ftn Method

(A new paradigm of cosmic rays)

we consider the importance of the
discreteness of the sources which treat SN explosions as point-like events.
We investigate the Green Function method instead of the Bessel function.
Master equation:

0
Egg-}_az(\/c(o)_KA@:qeﬁ = Qace ~Yeor s ¢Ednp/dTp

0. (Xs,ts) =20, 5°(Xs —X) S(X —t.): production rate of CR protons through acc.
Ot (X5:15) =20 6(z5) T' ) ¢(Xs,t) @ collisions of CR protons on the hydrogen and Helium atoms

with '/ =v, x(o,,Ny *+ o,.N, ) collision rate

pHe

Green Function for the CR protons:
2

yo,
G, (Xt ¢ Xs,t5) = 47Z'KTexp[_4KT] X V(2,1 < 2g,t;)
where 7 =(t-t)) and p° = (X=X )* + (YY)’

ov
# +0,(Vev,) —Kav, +2h8(2)T v, =5(z—2)5(t—tg):  Vertical Propagator




Summary of our method:

We compute the proton and helium spectra within the usual framework or
diffusive propagation, and using propagation parameters consistent with B/C
spectra, while taking into account the known local sources of cosmic rays. In
our analysis, we dont need to modify the conventional CR propagation
model.

We use the known data of supernova remnants (SNR) and pulsars which can
be found in the Green catalog (2009) and the ATNF pulsar database
(Manchester et al. 2005).

In order to show the lower-energy(power-law regime) and

part of the CR spectra to be connected with each
other, a consistent treatment of the problem require that the proton and
helium fluxes are calculated over the entire energy range.

A crucial problem is also to understand why just a few local sources could
explain the spectral hardening at high energies whereas the bulk of the
Galatic sources is required to explain the power-law behavior of the fluxes
below 250 GeV/n



model Ko [kpc? /y1] ) L [kpc] Vo [kpe/yr]  qp [Ge\-"_l} qHe [(Ge\-"fn]_l]

A 2.4 x 107" 0.85 1.5 1.38 x 107 1.17 x 10 3.22 x 10”!

B 2.4 x 107° 0.85 1.5 1.38 x 107 0.53 x 10°? 1.06 x 107!
MED 1.12 x 10~° 0.7 4 1.23 x 107%  15.8 x 10°! 3.14 x 107!
model ap + 4 age +0 v [Cent.ur}-'_l] H injection  He injection XE_,,-"clof

A 2.9 2.8 0.8 0.19 0.05 0.61

B 2.85 2.7 1.4 0.12 0.07 1.09
MED 2.85 2.7 0.8 0.148 0.07 1.3

Table 1. Sets of CR injection and propagation parameters discussed in the text.




Ex) Result for Model A: Best Chi-Square fit
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Fig.1. Proton (upper curve) and helium (lower curve) spectra in the range extending from
50 GeV /nuc to 100 TeV /nuc, for the propagation parameters of model A (see Table 1), giving the
best fit to the PAMELA (Adriani et al. 2011) and CREAM (Ahn et al. 2010) data : supernovae
explosion rate v = 0.8 century'. Solid lines show the total flux, short-dashed lines show the flux

due to the sources of the catalog, and the long-dashed curve the flux due to the rest of the sources.



Positron and Anti-proton Flux

Positron

Background of secondary positron is produced by the spallation
of the interstellar medium by impinging high-energy particles.
Energy loss term becomes important, via synchrotron emission
and inverse compton for > 10 GeV.

Dominant mechanism:

p +H > X+ 7
/A S v, + o
Hoo vty e
Dark matter annihilation:
;(+;(—>qa, W'W, ... —)[_), D, e, y & v,



Production of antimatter in the Galaxy

Antiproton
The spallation of high-energy primary nuclei impinging on the
atoms of the interstellar medium inside the galactic disc
produces secondary antiprotons.
The annihilation of DM candidate particles throughout the
Milky Way halo generates primary antiprotons. Notice that
WIMP annihilations take place all over the diffusive halo.
Tertiary antiprotons result from the inelasticand non-
annihilating interactions with a nucleon at rest. The energy
transfer may be sufficient to excite it as a A resonance. This
mechanism redistributes antiprotons toward lower energies
and flattens their spectrum.
Antiprotons may also annihilate on interstellar H and He.



Obsevation data (positron): AMSo2-April 2013

Aguilar et al. (AMSo2 collaboration), PRL 110, 141102 (2013)
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Indirect Detection: Basics

and - from DM annihilations in halo

What sets the overall expected flux?

2
flux ociis (R |
astro&  particle reference cross section:
cosSmo ov = 3 - 1(:)_26(?111‘3/50(3




Indirect Detection: Basics
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Positrons and Electrons

positron fraction antiprotons electrons + positrons

3 10
10 1 o 1 1 200 2002

Are these signals of Dark Matter?

YES: few TeV, leptophilic DM
with huge (ov) ~ 1072° cm® /sec

a formidable ‘background’ for future searches



Post AMSo2 data - 2013

eleotrons + posn:rons

- AMS 2013
PAMELA 2009 I3} 9

Are these Slgna.ls of Dark Matter‘?
V41 o B [ e ptophilichnli

with huge (ov) = 102 c:1113/sec:
between positron frac and e*+e




Enhencement ?

How to reconcile ¢ =310~ **em®/sec with o ~ 10 *cm’ /sec?

- DM is produced non-thermally: the annihilation cross section

today is unrelated to the
production process
at freeze-out today
- astrophysical boost no clumps clumps
- resonance effect off-resonance on-resonance

- Sornmerfeld effect v/c~0.1 v/c~10""°



Model Building

- Minimal extensions of the SM:
heavy WIMPS (Minimal DM, Inert Doublet)

Cirelli, Btrumia et al. 2005-2009 Tytgat et al. 0001.2556

- More drastic extensions:
New models with a rich Dark sector

pelov and A Ritz 0810.1503: Secluded DM - ANelson and O 8pitzar, 0810.5167: Sightly Non-MIntmal DM - YNomura and J. Thaler, 0810.5597: DM through the
Axion Fortal - REarnik and G. KP‘DU 0810.5557: Dirac DM - D.Faldman Z.1Liu FNath 0810.5762: Hidden Sactor - T Hambye, 0811 0172: Hidden - EIshiwata,
8 Matsumoto, T Morol, 0811.0250: Superparticis DM - Y Bal and ZHan 0811.088"7: sUFD DM - PFox, B FPoppitz, 0811.0599: .r-‘p tophilic DM - C.Chaen, F-Takahashl
T T.Yanagida 0811 0477: Hidden- D:mg& Boson DAL - EFonton, LRandall 0811 1029: Singlst DM - 8.Bagk, P Xo, 0811.1646: U(1) Lmu-Itau DM - I.Cholls, G.Dobdler,

beiner, L C.‘u___'ﬂuéh‘ N.Watner, 0811 3641: 700+ GeV WIMP - X Durek 08114429 Multicomponent DM - M Ibe, H Murayama T.T.Yanagida O F2: Brait-
ancement of DM annihilation - B.0hun, J.-0.Park 0812 0508: sub-GeV hiddsn U(1) In GMAB - M Lattanzl  J. 81k 0812.0360: G:r:."x" rfeld enhancement in
tures - M Pospelov, ML TTott, 08132 0-182 SUper-WIMFS dacays DM - Zhang Bl Liu Liu, Yin Yuan Zhu 0812.0522: Discrd i
Zhu, 0812.0964: DMnu from GO - M Fohl, 0812.1174: slectrons from DM - J Hisano, M Enowasakl K Eohrt E Nakayama 0812.0219: DMnu from GO - R.Allahy
Jutta, K Richandson- MCDJ_'"EL Y.0antoso, 0812.2196: 8uly B-1L. DM - 8 Hamaguchi X Ohiral TT.¥anagida, 0812.2374: Hldden-Fermion DN. r‘h:nv: - D
5, K Zurek, 0812.3202: Nearby DM clump - C.Dslaunay, PPox, GParez 0812.3351: DMnu from Earth - Park, dhu, 09010
B.EDs w‘_llﬁ Tuksal 0001 0923: cMOBM DM with additions - Q H.Cao, B Ma G Shaughnecsy, 0901.1534: Dark Matter: th
G.Vertongen, 1.2556: Inert Doublst DM - JMardon, T Nomura, D.Stolarskl, J Thaler, 0901 .3926: Cascade annihilats
M Fapuccl, T. 'v'-'_.:LL:.}:j;, 0901.2925: DM sees the Hgnt - D Fhalen, A Flarce, N . Wainer, 0901.3165: MNew Heavy Lepton
K Bae, J.-H Huh, JEim, B Kyas, RViolller, 0812.3511: electrophilic axion from flipped-SU(5) with extra .,pc"x:a_"vauu.“v brok
with Zg parity -...

Ibarra et al., 2007-2008 Nardi, SBannmo, Strumia 0811.4153
A Arvamtaki, 8.Dimopoulos, 8.Dubovsky, P.Graham, R.Harnik, 8.Rajendran, 0812.2075

b

component DM



Model Building:

- Minimal extensions of the SM:
heavy WIMPS (Minimal DM, Inert Doublet)

- More drastic extensions:
New models with a rich Dark sector

- TeV mass DM

- new forces (that Sommerfeld enhance)
- leptophilic because: - Kinematics (light mediator)
- DM carries lepton #

- Decaying DM



Pulsar Scenario:

Unlike in DM hypothesis, Pulsar scenario does not require
the introduction of an extra, exotic component to explain data.

Pulsar are undisputed source of electron-positron pairs, produced
in the neutron star magnetosphere and, possibly,

re-accelerated by the pulsar wind and/or in SNR shocks.

Nearby pulsars, the local flux of high energy electrons and
positrons is very likely dominant.

The recent PAMELA and AMSo2 data can rather well be
interpreted as originating from one single nearby Pulsar or by the
coherent superposition of the electron and positron flux from all
galatic pulsars.



Two Pulsar Parameters:

Spectral index and the total energy of positron flux

: (Eo\ |
Positron spectrum o(E) = Qo (?“) exp(—E/Ec).

0 h , : — 1; )
Total energy of positron flux {P Es g(Es)dEs = fW,

W 1
* dE E; ,
r,zr—r;:[ : b(Ey= —¢€".
T Je bE) (E) _—
b(E,) - .
Go(X.1,F — Xg.1t5.Eq) = bE) G(X «— Xs:Ap)o(Es — E,),
. ~ b(E,) -
0. E) = — 22 G ix — xo: Ap(E. E)) o(EL ).
o (O L) an BE) (X ] ) e(EL)

+ Positron fraction [10 GeV < E < 100 GeV]: @, o« exp(-d®/A2)

+ Positron sphere radius: 4, ~ 4K, t, (E/E,)°
+ Lower energy limit: E_ =E,(d*/4K, t,)"’



Nearby Pulsar catalog (ATNF):

Table 3. Results for the pulsar parameters fW; and  for the best fits in the single pulsar approach. Only pulsars with a p-value = 0.0455, taking
their distance uncertainty into account, are listed, besides the well-known pulsars Monogem and Vela. The bold lines correspond to the nominal
distance value.

Name Age [kyr] | Distance [kpc] fWo [107 GeV] ¥ ¥ )f'jur r
0 (295+007)- 107 | 145002 | 234 [ 0.57 [ 0.99
11745-3040 546 0.20 (3.03+0.06)-103 | 1.54+002 | 336 | 082|079 -
1.3 I 2.54 0902 | 241 | 0 Best fit
0.17 (T482003)-107 | 1562002 | 268 | 065 | 006
J10633+1746 342 0.25 (1.63+0.02)-10-3 | 1.68+0.02 | 496 | 1.21 | 0.17
Geminga 0.48 (101 +0.06)- 102 | 229:002 | 332 |810| 0
0.10 (228:0.05)-107 | 1482002 | 21.7 | 053 | 0.99
109425552 461 0.30 (261+0.04)-103 | 1.69+0.02 | 61.0 | 1.49 | 0.02
1.1 1 2.65 7747 | 189 | ©
0 (21320035107 | 1462002 | 198 | 048 | 0.99
11001-5507 443 0.30 (249 +0.03)- 1073 | 1.70£0.02 | 624 | 1.52 | 0.02
1.4 I 2.46 13202 | 322 | 0
0.1 080z 002)-10° | 1522002 | 210 | 051 | 099
11825-0935 232 0.30 (145003103 | 1942002 | 126 | 307 | 0 Worst fit
1.0 I 2.64 12776 | 312 | 0
0.25 (1062005 -10° | 2.18=002 | 216 |527 | 0
10659+1414 11 0.28 (253+0.16)-1073 | 237002 | 316 [771] 0
Monogem 0.31 (796 +0.61)-103 | 2582002 | 444 | 108 | 0 :
0.26 (2532 0.08)- 10" 3 14316 | 349 | 0 Failed
J0835+4510 | 113 0.28 (3.90 +0.14) - 101 3 14982 | 365 | 0
Vela 0.3 (6.00 + 0.26) - 10! 3 15446 | 377 | 0
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Pulsar Analysis (J1745-3040)
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Fig. 12. Positron fraction for the best fits for the pulsars J1745-3040
(solid line), Geminga (dashed-dotted line), and Monogem (dotted line)

with the propagation model MED.



Discussions & Conclusions:

We resolve the anomaly of Proton/Helium flux of the cosmic ray
nuclei of the CREAM-PAMELA data, and Positron Excess at
PAMELA and AMSo2 by considering the importance of the local
sources of the supernovae remnants (SNR) and pulsars.

We find the importance of the young, energetic and nearby SNRs
and pulsars, and their contributions.

Green Function method will be used widely in the analysis of
Future experiments (e.qg. INTEGRAL, AMS, GLAST, ....).

Monogram, vela can’t adjust the AMSo2-data:

Very youngage -2 can't contribute to the low energy positron
fraction (10 GeV < E <50 GeV)



Future Projects during 2014-2016

focused on the effect of discrete sources of primary CRs on
secondary species:
(ex: positron, antiproton and anti-deuteron, ...).

Could the positron flux and the antiproton flux at the earth
depend on significantly the discreteness of CR sources?

Can we explain within the same scheme both the PAMELA-
CREAM anomaly of the TeV scale cosmic rays of nuclei and
the anomaly of PAMELA-AMSo02 anomaly of the positron
excess ? = on going research.



Thanks for your attention !
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A) Anomaly in P, He CR-spectra:

CREAM Data 2010-11: APJ 728,122 (2011)
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Figure 3. Measured energy spectra of cosmic-ray protons and heliem nuclei. The
CREAM-I spectra are compared with szlected previous measurements {Alcaraz
et al. 200x), Haime et al. 2004; Boezio et al. 2003) using open symbols for
protons and filled symbols for helivm: CREAM (circles), AMS (stars), BESS
(squares), CAPRICE (inverted triangles). The emor bars represent one standard
deviation, which is not visible when smaller than the symbol size. The lines
represant power-law fits to the CREAM data.
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Figure 3. CREAM proton and helium differential Flax-E*™ inGe'V nucleon
al the top of the atmosphere. The CREEAM proton and heliom spectra (filled
circles) are shown together with previous measurements: BESS (squares),
CAPRICEQE (downward trinngles), AMS (open circles). ATIC-2 (dinmonds),
JACEE (stars), and RUNIOR (crosses). The lines represent power-law fits with
speciral indices of —2.66 = 002 for prodons and —2.58 £ (L02 for heliwm
nuclei, respectively.



Anomaly in P, He CR-spectra:

PAMELA 2011: Science 332,69
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Figure 4: Proton (left panel) and belium (right panel) spectra In the range 10 GV - 1.2 TV.
The grey shaded area represents the estimated systematlc uncertainty, the pink shaded area
represents the contribution due to tracker allgnment. The stralght (green) lnes represent fts
with a single power law In the rigidity range 30 GV - 240 GV. The red curves represent the fif
with a dgidity dependent power law (30-240 GV) and with a single power law above 240 GV



Anomaly in P, He CR-spectra:

Confirmed by AMSo2: PRL 114, 2015
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PAMELA-CREAM Anomaly (2010-present)

Precise measurements of nuclei fluxes are needed to understand the
acceleration and subsequent propagation of cosmic rays in the Galaxy.
Discrepant hardenings in the TeV scale cosmic ray proton-Helium nuclei
spectra was appeared in 2011.

CREAM-PAMELA experiments found that the spectral shapes of proton
and helium above 250 GeV/nucleon are different and can not be well
described by a single power law: Cosmic flux ~ EA{-2.75}

Single power law model is rejected at 95% C.L. and rejected at 99.7% C.L.
by the Fisher’s and Student's t-tests.

For Proton: hardening occures at 232/{+35}_{-30} GeV/nucleon
V& =285 + 0.015 + 0.004 ; yR, =267+ 0.03 £ 0.05
For Helium at 2437{+27}_{-31} GeV/nucleon

7/8%_240,He =2.766 = 0.01 + 0.027 ; 7/5243,He =2.477 =+ 0.06 =+ 0.03




Basic Ingredients of the CR Physics

Most studies of GeV Galatic Cosmic Rays (GCR) nuclei assume a steady
state/continous distribution for the sources of cosmic rays, but this
distributions is actually discrete in time and in space.

A stady-state model describes well many nuclei data (Ex: GALPROF).
The Current progress in our understanding of CR physics (Acceleration,
Propagation), the required consistency in explaining several GCRs
manifestation (nuclei, gamma,...) as well as the precision of present and
future space mission (e.g.. INTEGRAL, AMS, AGILE, GLAST) point
towards the necessity to go beyond this approximation (steady-state model)




Diffusion and Transport of Cosmic Ray

diffusion
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Cosmic Ray Transport and Diffusion

General Diffusive Equation of CRs.
0¥ +V-(V.¥-KVW¥)+d. (b ¥ —D.0.¥)=Q-D

a) Time-dependence: since the global structure of the Galaxy seems quite stable for the billions of years,
and the time scale of CR which we are interested in a few million years, the first term can be neglected
except for the cosmic ray density ¥ and the source term Q in specific cases.

b) Convection term: There are observations that galatic winds exist in outer galaxies, they are probably
due to stellar winds, supernova explosions, and probably cosmic ray themselves.

\Z =V, e, o(z) : sensitive to low energy CR

c) Diffusion term: because the exact structure of the Galatic magnetic field is very unclear and so are

the models relating this structure to the diffusion parameter K. Diffusion will be considered homogeneous
over the complete diffusion halo.

K(r,E,t)= K, R’ (R=particle rigidity: p/Ze)



continues:

General Diffusive Equation of CRs.

0¥ +V-(V.W¥-KV¥)+o. (b, ¥—D.,.0.¥)=Q—-D

0SS

=b(E) = E g &= E . mainly comes from the inverse-compton
Te E, =1GeV

d) Energy losses: b

loss

e) Energy diffusion: Random magnetohydrodynamical waves can lead to stochastic acceleration of CR,
but the proper microscopic description is not easy. Describing the process requires to know the collision rate

and the speed of the waves: Alfven velocity V, .

2 E2 4
EE ~ o Va2 £
9 * K(E)

) Source term and Distruction term



Old method:

Steady State and the Bessel Ftn solution

y(r.2)= 3 R(2) Iy(a 1R,,)

Master Equation: (8 =0)
0,(V, ) -KAy +2h 5(2) T, w =0, =Q,D(r) 2h 5(2)

D=3 D, Jy(a 1R,,)

P(2) = R(O) expl-S LT sinh{ (L1 21}/ sinh L)

2 2
with s2 =| 2% +(\ij
Ry K




Understanding of power-law behavior

The energy spectrum of primary cosmic ray approximately behaves as
EA{-2.75}, in the 10 GeV to 100 TeV range.

This is rather well understood if one assumes that these cosmic rays are
accelerated by energetic events such as supernova explosion shocks,
distributed evenly in the disk of our Galaxy.

Once injected inside the Galatic magnetic halo with a rate

goc R“(R= p/Ze:Rigidity) and ¢ = 2.15+0.15

Particles are subsequently scattered by the turbulent irregularities of the
Galatic magnetic field.

Their transport is described by space diffusion with a coefficient
K oc R’ (5 €[0.4, 0.85] from B/C ratio)

At high energy, the flux of a given primary CR species at the Earth:
® < g/K =E“*



Current Other Expanations

Mainly modification of the energy behavior of either the injection spectrum
q(E) or the diffusion coefficient K(E).

A break in alpha could arise from a modification of the conventional diffusive
shock acceleration (DSA) scheme:
Ohira & loka(2011), Malkov et al.(2012)

A different classes of CR sources: for instance, cosmic rays accelerated in the
magnetized winds of exploding Wolf-Rayet and red supergiant stars could
have a double spectrum, with a hard component produced in the polar cap
regions of these objects: Stanev et al.(1993), Zatsepin & Sokolskaya(2006),
Biermann et al.(2010), Yuan et al.(2011)

Modification of the diffusion coefficient K(E): an expected decrease of the
spectral index delta at high energy, or an unusual strong spallation of the CR
species on the Galactic gas, but criticized in a detail analysis by Vladimirov et
al.(2012):

Ave et al.(2009), Blasi et al.(PRL:2012), Tomassetti(2012), Horandel et
al.(2007), Blasi &Amato(2011)



Our New Method: Green Ftn Method

(A new paradigm of cosmic rays)

we consider the importance of the
discreteness of the sources which treat SN explosions as point-like events.
We investigate the Green Function method instead of the Bessel function.
Master equation:

0
Egg-}_az(\/c(o)_KA@:qeﬁ = Qace ~Yeor s ¢Ednp/dTp

0. (Xs,ts) =20, 5°(Xs —X) S(X —t.): production rate of CR protons through acc.
Ot (X5:15) =20 6(z5) T' ) ¢(Xs,t) @ collisions of CR protons on the hydrogen and Helium atoms

with '/ =v, x(o,,Ny *+ o,.N, ) collision rate

pHe

Green Function for the CR protons:
2

yo,
G, (Xt ¢ Xs,t5) = 47Z'KTexp[_4KT] X V(2,1 < 2g,t;)
where 7 =(t-t)) and p° = (X=X )* + (YY)’

ov
# +0,(Vev,) —Kav, +2h8(2)T v, =5(z—2)5(t—tg):  Vertical Propagator




Solution of the vertical propagator:

The final results of the vertical propagator is given by

(|Z| 2]

v (2,1« 24,t) = exp{—=

} x 0(z)

[ e (2)e (26) + Y < e (2)e (2 )]

n=1
where

even eigenfunction: ¢ (z) =sin{k, (L—|z[)} with —tan(k L) =k, /(V. /2K +hI[" /K)
odd eigenfunction: & (z) =sin{k (L—2)} with k L=nzr
and a=Kk*+ VZ/4K

When we impose the vertical boundary of the DH, the boundary acts as mirrors and give an
infinite series of images from the source.

The n-th image is located at
zn=2Ln+(-1)*n z_s

v(zt<—zs,t)—2(1) Fexp{— ”4KT }

N=—00



Local Catalog of SN and Pulsar:

(2 kpc around Earth and less than 30,000 years ago)
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Results without local catalog-o1




Results with local catalog-o01

| Proton Flux |
- —
\m — Proton Flux
L 14— Pamela Proton Flux
[ 4] — Craam
&) L
- B
E20 | ;l
O
‘a
S| -
X — T
=] L
08—
06— e
~ Proton Flux ’
N Flux min nu 1 T,
04— | . "‘H"“ml'
B Proton Flux i 1 I
B maxu=1 \.\l
I:Iz—I_ | | ||||||| 1 | ||||||| | | ||||||| | 1 |||||||
2 42 e An3
10 10 10 10 p (GEU]]
mol [ tkpo-M'd & Likpey W tem-s-Th
miD ALR A} LLE. | 135
mid aonz (L7 1 12

TR LOTaS L4n 15




Scan of the parameter space:

CR propagation is specified by K, 0,V andL

The injection rate of CR species j is assumed as

p )_aj
1 GeV /nuc

q;(p)=q; (
and to be the same for all CR sources.
They are specified by the parameters q,, q;. ¢, and o,
The average supernova explosion rate ¥ per 100 years.

We have used these parameters to compute the proton and helium

fluxes Boe + D

cat



From N-body numerical sitnulations:

DM halo a rskpe ps [GeV/em?®]

NFW: pnrw (7)

Einasto: pgn(r) = p.exp {—% K%)a - 1] }

Isothermal :  pr,(r) = #‘3/7‘)2
Ps
(14+7/rs) (14 (r/rs)?)

Il
kS
=< |3
PN
(S
_|_
ws |3
St
%

NFW 24.42 0.184
Einasto 0.17 28.44 0.033
EinastoB 0.11 35.24 0.021
Isothermal - 4.38 1.387
Burkert - 12.67 0.712
Moore 30.28 0.105

Burkert :  pg.(r) =

r.\ 1.16 p\ 184 Angle from the GC [degrees]
Mocre's iz} = fa (?) (1+r_,) 107 3071 510 30'1°2° 5°1020%45°

I I I I I I I I I I | |

Moore

At small r: p(r) o< 1/r7

6 profiles:
cuspy:

Ppom [GeV/em®]

e TR — e

mild:
smooth: , o2b oo T

EinastoB = steepened Einasto U (S (L 0 10
(effect of baryons?) 1 [kpc]

TR TR T RETT( 1 STt SRl ANl (A




Various Energy Loss Rates

Energy losses

1w ! 10° 10! 10 10* 1wt 1w 10f° 107
Energy [GeV]



Spatial Distribution Models for

Supernova remnants and pulsars

0.025 -

0.02 F
m'_|

|

2,

= 0.015 -
(=)

[l

]

=

2 001 -

0.005 -

0 |
0 5 10 15 20
radial distance [kpc]




Results without local catalog-o1




Results without local catalog-o02
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Results for Model B: same parameter sets with

Model A, but nu=1.4 instead of 0.8/100 years
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Fig. 2. Same as previous figures for models A and B (see Table 1), for two values of the supernovae

1

explosion rate, 1 = 0.8 century™ " and » = 1.4 celltLlr}"l.



Results for Model C: MED parameter sets with

best fits the B/C ratio, L=4 kpc
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Fig. 3. Same as before, for the MED propagation parameters (see Table 1).



Secondary positron flux:

T. Delabaye st al, (2004}
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Positron-03: DM contributions

Donato et al., PRL 102, 071301 (2009)
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Obsevation data and predictions (antiproton)
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Antiproton-o2:
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Antiproton-03:
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