THEORY UNCERTAINTIES ON
CosMIC RAYS PROPAGATION

IMPLICATIONS FOR DARK MATTER SEARCHES

NICOLAO FORNENGO

Department of Theoretical Physics, University of Torino
and Istituto Nazionale di Fisica Nucleare (INFN) — Torino

Italy
UNIVERSITA' fornengo@to.infn.it /)
DEGLI STUDI ; T
51 TORING nicolao.fornengo@unito.it

www.to.infn.it/~fornengo I N FTOM
www.astroparticle.to.infn.it L/

ALMA UNIVERSITAS
TAURINENSIS

Dark Matter Underground and in the Heavens — DMUH11
CERN - 25.07.2011



Galactic environment

disk dark matter halo  Sources of uncertainties

DM distribution
combined effect with Propagation

Source

Procluction mechanism

diffusive halo Propagation
transl:)ort in the Galaxg

transl:)ort in the heliosl:)here (ow T)

iosphcre

DM signals as exotic CR components

antil:)rotons
antideuterons

ositrons/ electrons
Nicolao Fornengo, University of Torino and INFN-Torino (ltaly) DMUHII - CERN - 26.07.201
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Propagation ccluation

W = dn/dE
0. (Vo)) — K AY + 0 {V°°(E) ¢ — Kpp(E)dpy} = q(x, E)
convection diffusion energy losses reacceleration source term

Geometry: cglindrical diffusive halo (R, L) +thin disk (h)
Diffusion: uniform in the whole (disk + diffusive halo) volume K(E) = Ky 8 (R/1 GV)°
Convection: galactic wind away from the disk in vertical direction V.

, , , , 2 E?p4
lerat dom hydrod the d l Kgg = = V,2 =
Reacceleration on random ydrodynamic waves (in the disk on 9) EE 9" K(E)
Energy losses: interaction with the medium, clepenclent onthe CR species
antipj antiD: ionization losses on neutral 1ISM
Coulomb losses on thermal electrons of ionized gas
adiabatic losses

electrons/ Positrons: sgnchrotron on magnetic ﬁelds, inverse Compton on ISRF

Source/ sink: Procluction /destruction processes



Bounds on the Propagation model

e Pounds are obtained bg analgzin*-g Prima:y and seconclarg
Cosmic rays data withinthe speci IC Propagation model

—_ SCCondar9~to~Primar9 ratio: average amount OF matter traversec]

- lsotopic ratio of radioactive specieS: confinement time

Nicolao Fornengo, Univcrsitg of Torino and INFN-Torino (ltaly) DMUHII - CERN - 26.07.201



0.4 T T T TTTTT T T T TTTTT T T T TTTTT T T T TTTTT 0.4 T T T TTTTT T T T TTTTT T T T TTTTT T T T TTTTT

i X 1 i i
0.3 |- — 0.3 |- =
L Gl i L 4
. | éé . i
@) - _ - _
S 0.2 _ | L 0.2 _ _
e}
- _ 3 - .
- - U) - -
0.1 L HEAO-3 (solid circles) ] o1 L i
" | ISEE (triangles) | " | HEAO-3 (circles) |
. IMP-8 (empty circle) 1 . ISEE (triangles) 1
| Voyager (square) 1 . Voyager (square) i
balloons (crosses) i . balloons (crosses) _
O 1 1 IIIIII| 1 1 IIIIII| 1 1 IIIIII| 1 1 L1 1111 O 1 1 IIIIII| 1 1 IIIIII| 1 1 IIIIII| 1 1 L1 1111
0.01 0.1 1 10 100 0.01 0.1 1 10 100

T (GeV/n) T (GeV/n)

D. Maurin, et al. , Astrophgsd.555:585~596,ZOOI

Nicolao Fornengo, Univcrsitg of Torino and INFN-Torino (ltalg) DMUHII - CERN - 26.07.201



< 15F W F
é 14 ; § 14; 0=085
N s >t 5=0.7 "
2g | il
3 |||II
10 g ||
2 r 0=0.6
: 101
8 g
7E : §=05
6 8
5F g
4 :
3 = 6; 8=0.46
-0. .
2B 0.5 : Iso-x2 contours for B/C (X2< 40)
e \ \ \
W 0.002 6004 | 0‘00‘6 | 6008 iOO 4£O 4‘JrO 46‘50 45‘30 5(‘30 52‘0 SA‘rO 56‘50 580
-1 V,[km s'l] /K" [kpc Myr 1/2]
K, /L [kpc Myr"] ’

D. Maurin, et al. , Astrophgsd.555:585~596,ZOOI

Nicolao Fornengo, Univcrsitg of Torino and INFN-Torino (ltalg) DMUHII - CERN - 26.07.201



Bounds on the Propagation paramctcr

For the 2-zone ditfusion model with cglinclrical geometrg

case | 0 Ky L V. Va X%/C
(kpc?/Myt) | (kpe) | (km/sec) | (km/sec)

max | 0.46 0.0765 15 5! 117.6 39.98

med | 0.70 0.0112 4 12 52.9 25.68

min | 0.85 0.0016 1 13.5 22.4 39.02

D. Maurin, et al. Astrophgs.J.555:585—596,2001
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ANTIMATTER IN COSMIC RAYS
ANTIPROTONS
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Sccondary antiprotons
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Source spccl:ra from DM annihilation
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xp = Tp/m, x; = Tp/m,

F. Donato, N. Fornengo, D. Maurin, P. Salati, R. Taillet, PRD 69 (2004) 0603501
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Interstellar antiproton fluxes
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Dcpcnclcncc on hcight of diffusive halo
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e | determines the extension of the confinement region:

> For small L, onlg the sources very close to the solar neighborhood can contribute
> As L increases, confinement is more efficient and more sources contribute

F. Donato, N.Fornengo, D. Maurin, P. Salati, R. Taillet, PRD 69 (200%) 06%501
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Spatial origin of the antiproton signal

Effective volumes
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Effect of changing DM profile on antiproton flux at Earth

L(kpe), 7y, 7, Sh2s— Skt PSSkt SKEw — Skt
Stef Stef Stef

15, 28.66, 25.54 ~69.5% +23.9% +19%

4,238,441 ~21.5% +9.9% ~0%

1,0.33,0.69 <1% <02% ~0%

F. Donato, et al., PRD 49 (200%) 06%50I




Substructures
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Dcpcndcncc on galactic wind vclocity
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o The galactic wind blows the Particles away from the disk (convection) , leading to an effective size of the
diffusive halo of the order of ry,

o Thereisa competition between L and ry:
» For large L, the evolution is driven 139 Mw
> For small ry all curves converge, independentl of L, because the CR are convected away before

being able to reach the boundaries of the diffusion region
F. Donato, N.Fornengo, D. Maurin, P. Salati, R. Taillet, PRD 69 (200%) 063501
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Dcpcnc]cncc on rate of spa“ation
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e Atlow energjes Particlcs are clestroyecl more casilg, since the Probabilitg to cross the disk (and
therefore to interact with matter) increases relativelg to escape (cthFusive or convective)

o Thereisa competition between L, ryy and rep:
> The effect of rep is milder: the cut-off due to spa”ation is less efficient than diffusion or
convection to prevent Particles coming from Farawag from reaching us

F. Donato, N.Fornengo, D. Maurin, P. Salati, R. Taillet, PRD 69 (200%) 063501
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Interstellar antiproton fluxes
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Effect of Propagation

TOA Hux

CProp =
sounxzspechlnn

Nicolao Fornengo, Univcrsity of Torino and INFN-Torino (ltaly)

('prop

(cm sr!)

susy

1026: T TTTT T TTTTT T \\H“\l\ T \\HH‘ T \\HH:
: | z
, ' 1 ]
L : | i

: Lo

10% & ; P E
C B P ]
L L ' / ‘w‘ |
I B ). ]
g T==_ 1 MAX

103 = _—— ’ e S I =
== T T~ \ 3
C /_/-/-/‘. \.Jl 7 B
- P <., MED ]
,; /-’_/' // "'.' P -
F ///4/ L. o |

108 ==~ = E
E et A Y ]
T CoMIN
- T j

- —— ~ " Dotted: Moy = 10 GeV |
2 - Short-dashed: mpy = 60 GeV -
r Long-dashed: mpy = 100 GeV 7
B Dot-dashed: Mpy = 300 GeV 1
i Solid: Mpm = 500 GeV

1021 | | \\HH‘ | | \\HH‘ | \\HH‘ | | \\HH‘ | Lol

0.01 0.1 1 10 100 1000
T3 (GeV)

DMUHI - CERN - 26.07.201



ANTIMATTER IN COSMIC RAYS
ANTIDEUTERONS



Cosmic antideuterons
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Antideuteron signal: channel dcpcndcncc
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Effective volumes for antideuterons

Blue: DM
Black: PBH

Nicolao Fornengo, University of Torino and INFN-Torino (ltaly)
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TOA fluxes and /B gain
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Secondaries and its uncertainties
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Total d yield

Coalescence revisited
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ANTIMATTER IN COSMIC RAYS
POSITRONS



Positron *halo function”
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Positron *halo function”
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Positron fluxes from DM annihilation
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Positron fraction: incluclinga DM signal

my = 100 GeV
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Positron fraction: lncludlnga DM sngnal
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Electrons and Posil:rons in Cosmic Rays

Primaries: e~ from SN remnants
ct,e- from Pulsars
DM annihilation, decag

Secondaries: p+H — (L)nF — () eF
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Scconclaty e'e : fluxes

Delahaye, Lavalle, Lineros, Donato & Fornengo (2010)
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Total fluxes of e'e

Delahaye, Lavalle, Lineros, Donato & Fornengo (2010) Delahaye, Lavalle, Lineros, Donato & Fornengo (2010)
= T T T TTTTT] T T T T T T T T TTT1TH = T T T T e ———ua T TTTTTH
- . - e*+e flux . C
Foaeee ries T r . 1 N
- distant P . R s s CAPRICE 4 Fermi0g e’ - ny
. - local SNRs - - ---- distant IS o HEAT94-95 < HESS08 (e ) - s
. i 4+ AMSO01 98 ¢ HESS 09 (e” o
ol ----local pulsars : (I:-III\E:TSE :; B ol local [Fries v ATICO8(e") * Fermi10 e+/-;_ =
Eo aries = b= E o aries = -
F I 4+ AMS0198 I F I " 3 -
- - . - | J— a m
- F all ] - F ] V]
o B 7 0 B W 7 O.;.
(sl‘m u vit: E';‘iﬁo_g n bllm I~ ol n %—‘
£ e . s £ o)
Sl AT . S S R D S S — . 5
v N 3 8 3 E
2, ’ R 7 2, »{;( ] 7~
- i < . =
@ p @ 3‘
U fee § W Tee . . ¢
0]
e 10° - - ‘ &
i - \ ul
- - V)
C . L o}
)
E A. - 2
10 1 ’1""'1 ol vl L1 111111 L 1‘\11| 10% : Cnld vl ol L .1‘"'1’"1-.1 “O
1 10 10° 10° 10 1 10 10° 10° 10 zZ
E [GeV] E [GeV] -
Delahaye, Lavalle, Lineros, Donato & Fornengo (2010) Delahaye, Lavalle, Lineros, Donato & Fornengo (2010) 93
= T T T TTTTT] T T T T T T T T T TTT1TH C T T T T TTTT] T T T T T T TTTT] )
- E - ; g
| - distant P i B — j2ries 7 L
local laries * CAPRICE 94 - ;<
o e O HEAT94.95 _ — ot 2
E o i * AMSO1 - [ T o)
- F — all ] O
.'.‘- L 2 —y— _ !\)
oo 7 = l g
f‘.'g 7 s T o
+ —
«"‘104 — \3 10" 1 T %
s 3 ok &
S . n (13
© | ks -
(ﬂw . i ;r‘
’ 0 HEAT94-95 - %
10 . HEAT 00 § —
T T AMS107
i *“PAMELA 10
1/|111|1|l vl 1 IlllI\MI L1l 102 1 A'/lllllll I co il I [

10° N
Nicolao Fornengo, University of Torino ErfgeIWN-Torino‘ﬁtaly) 10° 1 10 E [GeV] 1 DMUHI - CERN - 26.07.201



Solar modulation

o Affects low T energies (below about 10 GeV)
° Coorelatecl with the H~9ear solar cycle

° Tgpica”g treated in the force-field aPProximation

— one Parameter) function of solar cgcle
e More realistic transPort in the heliosphere needed

° Charge clel:)enclent etfects may be Prc—:sent
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Antip/ P ratio
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Galactic environment

disk dark matter halo  Sources of uncertainties

DM distribution
combined effect with Propagation

Source

Procluction mechanism

diffusive halo Propagation
transl:)ort in the Galaxg

transl:)ort in the heliosl:)here (ow T)

iosphcre

DM signals as exotic CR components

antil:)rotons
antideuterons

ositrons/ electrons
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