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Diffusion Model

Diffusion equation becomes solvable assuming a cylindrical geometry of the
Galaxy with 2 zones:

e.g. USINE @ Ipsc.in2p3.frlusine
V¥ fast computation

= simplified description of the
Interstellar medium

e.g. GALPROP @ galprop.stanford.edu
V¥ data based description of the
interstellar medium

= very slow



http://lpsc.in2p3.fr/usine
http://galprop.stanford.edu

Parameters and observables

The most important parameters

are linked to

Primary CR

e the acceleration mechanisms
injection spectrum: Q(R) < qR™“

* the propagation mechanisms g SeCLCRs
diffusion: K(R) x KoR® |
convection: Vo ‘ ) U ~
re-acceleration: Va .-

Primary CR Secondary CRs

* the geometry of the Galaxy | \
diffusive halo size: L = O
ISM atom

4 Ipsc.in2p3.frlcosmic-rays-db



http://lpsc.in2p3.fr/cosmic-rays-db

Constraining propagation
models

sophisticated propagation models precise experimental data

sophisticated statistical tools

USINE @ Ipsc.in2p3.frlusine GreAT @ Ipsc.in2p3.frigreat



http://lpsc.in2p3.fr/usine
http://lpsc.in2p3.fr/great

Which model is the best?

Diffusion models preferred, but

Same results for TN o

HEAO-3
Spacelab-2

. / \ CREAM 04
o

Standard DM 11

v abundant
V' elemental separation needed il sendect b

=~~~ Modified DM III

‘He/*He (TOA)

Balloon72 (400 MV) LS \ Voyager87 (360 MV)

o Balloon73 (500 MV) AR \ IMAX92 (750 MV)
Balloon77+Voyager (400 MV) VA SMILI-I (1200 MV)
Balloon89 (1400 MV) 7 ) SMILI-II (1200 MV)
IMP7+Pioneer10 (540 MV) e &by AMS-01 (600 MV)
ISEE3 (740 MV) BESS98 (700 MV)
ISEE3(HIST) (500 MV) - : CAPRICE98 (700 MV)
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¥ very abundant
= jsotopic separation needed

£622 Model II with prior (¢ = 700 MV)
£ Model III with prior (¢ = 700 MV)
Model II (¢ = 700 MV)
Model III (¢ = 700 MV)




How big is the diffusive halo?

L determines the contribution in cosmic rays!

L [kpc]

first PDF of L from an MCMC
=EWES
= too few precise data

= very sensitive to the LISM

first direct exclusion of small

values of L
Vv precise data available

= sensitive to solar modulation

log(K/L Myr/kpc)



What the primaries tell us...

. @ AMSOI
. m BESS98

A BESS-TeV

source slope for
diverse propagation models

source slope o similar for all
primariesZ =1, ..., 26




What about theoretical
uncertainties?

Precise cosmic-ray measurements give , and

HE bias (W03) | .
~o- x=+0.05
o x=40.02 O
s x = -0.02
+- x=-0.05

I . -
o I R
] " LE bias (W03) <
o x = +0.02 )
. L | x=-0.02
.

< % F 8 10 12 14
10 E,, (GeV/n) e Pgimary abondance ratio Ng/N¢ [%]

Parameter estimation already very tricky in a simple configuration...
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- Indirect dark matter
o Tl WESearches

charged cosmic-ray channels: ¢*, p, ...
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Positrons — difficult probes
for dark matter searches

0.25
W I I m d I I d - t h - — - - astrophysical background (MED)
e 0 e e W I exotic contribution

total

[ ) [ ]
¥ diffusion models
~— J1745-3040 Geminga
Monogem
. |
lpuliszirs, dlai s o e e
annihilation/decay, acceleration of -
i I (00)best = 1-107 cm®. 57!
secondaries in sources, ... P
: XX — bb
- X3 = 0.65

but no unique interpretation...

1



Positrons — propagation
uncertainties

Scan over propagation parameters

25 |—I—| statistical uncertainty

compatible
with e* & B/C

4+ J1745 — 3040 for { Ko, L, 5} with p > 0.0455
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Antiprotons — strong
constraints for dark matter

Recent antiproton measurements in very good agreement with a

1
-
Q

2s sIT

Vm
—h
L]
N

—r
Q
w

AMS (M. Aguilar et al.)

—h
<
=Y

(]
O
Rl
x
=
—
c
(®]
]
(o)
}
Q.
l;
c
(1]

BESS-polar04 (K. Abe et al.) ® BESS 2000 (Y. Asaoka et al.)
BESS1999 (Y. Asaoka et al.) v BESS 1999 (Y. Asaoka et al.)

BESS2000 (Y. Asaoka et al.) A BESS-polar 2004 (K. Abe et al.)

CAPRICE1998 (M. Boezio et al.) GG ACNRCEIN M Roslom &)

—r
<
(5]

o ¥ O CAPRICE 1998 (M. Boezio et al.)
CAPRICE1994 (M. Boezio et al.) ¢
¥ HEAT-pbar 2000 (A. S. Beach et al.)
PAMELA ' T

10 102 ' 19
kinetic energy [GeV] kinetic energy [GeV]

13



Conclusion

* Current propagation models

What you get out depends on what
you put Iin...

Are you hunting for dark matter?

Need for better models/ingredients
 Your dark matter candidate

 Cosmic rays are should reproduce all the
available data

with collider and
direct dark matter searches
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