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What do we know about
nuclear cosmic rays today?

Nuclear cosmic rays are

. particles

e of origin

 bombarding Earth’s
atmosphere, and

e producing

NOW I KNOW WHY
I'VE BEEN FEELING
SO WARM/ LOOK AT
ME ! THEY'VE p
AFFECTED ME, TOO.
WHEN I GET
EXCITED I CAN
FEEL MY BODOY
BEGIN TO BLAZE.




Energy spectrum

The cosmic-ray spectrum 3 o Fluxes of Cosmic Rays
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Composition & abundances

® Simpson O ARIEL 6 /. SKYLAB

! HEAO 3 rek MII
» UHCRE < Tueller + Israel
A— sol. syst.

10 20 30
[Horandel, Advances in Space Research (2008)] Nuclear charge number Z

* 87% Hydrogen to those in the solar
 12% Helium system, but for elements
* 1% heavier nuclei £=3—95,20 — 25, ...



Spatial distribution of
Galactic cosmic rays
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610 MHz ~ |i412MHz -~ | 408 MHz

radio halo (few kpc) due to cosmic rays around the galactic disc
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o q T
S ~~ ~~ L
sources spatial diffusion & convection momentum diffusion
e 2T = e
ap 3 Ts =
& ! N’ N~
energy losses spallation radioactive decay

Cosmic-ray transport equation
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Diffusion Model

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

e.J. USINE @ Ipsc.in2p3.frlusine
¥ fast computation

= simplified description of the
Interstellar medium

e.g. GALPROP @ galprop.stanford.edu
¥ 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

[ mechanisms
injection spectrum: Q(R) < gR™“

e the mechani sms(S Primary CR Secc’mda.ry s
diffusion: K(R) x KgR - 7S
convection: Ve \ ) u ~
re-acceleration: Va |Shk ator

Secondary CRs

e the of the Galaxy

diffusive halo size: 05

9 Ipsc.in2p3.frlcosmic-rays-db



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

Constraining propagation
models

sophisticated propagation models precise experimental ‘data
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Which model is the best?

Diffusion models preferred, but

Same results for TN e

HEAO-3
Spacelab-2

2 \ v CREAM 04
o

7 abundant e === Standard DM II
V¥ elemental separation needed ] sudws oam

-~~~ Maodified DM III

18k/n (GeV/n)

*He/*He (TOA)

Balloon72 (400 MV) N Voyager87 (360 MV)

¢ Balloon73 (500 MV) A IMAX92 (750 MV)
Balloon77+Voyager (400 MV) ,f’,/' AR SMILI-I (1200 MV)
Balloon89 (1400 MV) W e e SMILLII (1200 MV)
IMP7+Pioneer10 (540 MV) f’ ey AMS-01 (600 MV)
ISEE3 (740 MV) Wi Bk BESS98 (700 MV)
ISEE3(HIST) (500 MV) e 3 CAPRICE9S (700 MV)

Secondary-to-primary ratio (TOA)

¥ very abundant
= jsotopic separation needed

$£22% Model II with prior (¢ = 700 MV)
222 Model III with prior (¢ = 700 MV)
Model II (¢ = 700 MV)
Model III (¢ = 700 MV)
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How big is the diffusive halo?

L [kpc]

first PDF of L from an MCMC
analysis with radioactive
secondaries

¢ =520 MV

—38=05
—3 =06
—0=07

first direct exclusion of small o s | -0

values of L with low-energy N AN RN IR
secondary positrons ™,

.
. \
SN EEY =05

N =06
N\ g 8.=07
- 9=085

-5.5
log(K /L - Myr/kpc)
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What the primaries tell us...

. @ AMSOI
. m BESS98

A BESS-TeV

source slope for
diverse propagation models

source slope a similar for all
primariesZ =1, ..., 26
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What about systematics?

Precise cosmic-ray measurements give
and

0.!2(‘ —B (mb)

/ LE bias (W03)
x=+0.02
x=-0.02

HE bias (W03)
o= x=4005
x=+0.02
x=-0.02

= x=-0.05

|

10 E,,, (GeV/n)

Parameter estimation already very tricky in a simple configuration...

14



. : , \WIMPS
u | AR lndlrect dark matter x
£l RS searches :

‘!u

" '.'f,'" .‘.“% A .....
ﬁ‘{g \;‘; ~

-%

EXOUC
P r manes

PLiidg

.
“
. ."‘ .
'.4‘“.‘ »
- "4\ ;-9 =

& ua

EEEE; - WARA

EEEE: -ERUR
R

charged cosm:c-ray channels €Y, p, o | .

1)



Positrons — difficult probes
for dark matter searches

Well modelled with e,
N \!

Maame

v diffusion models

¥ pulsars, dark matter

annihilation/decay, acceleration of
secondaries in sources, ...

but no unique interpretation...
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Antiprotons — strong
constraints for dark matter

Recent antiproton measurements in very good agreement with a

flux [GeV m? s sr]”
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AMS (M. Aguilar et al.)

anti
—t
o

=

BESS-polar04 (K. Abe et al.)

BESS1999 (Y. Asaoka et al.)
BESS2000 (Y. Asaoka et al.)
CAPRICE1998 (M. Boezio et al.)
CAPRICE1994 (M. Boezio et al.)
PAMELA

® BESS 2000 (Y. Asacka ot al)

¥ BESS 1999 (Y. Asaoka ot al)

A BESSqolr 2004 (K. Abe et al.)

A CAPRICE 1994 (M. Boezio et .)
O CAPRICE 1998 (M. Boezio ot o)
#* MEATpbar 2000 (A. S. Boach etal)
® PAMELA

10 10?2 ' e
kinetic energy [GeV] kinetic energy [GeV]
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Anti-deuterons — the future?

for indirect dark matter searches due to Its
ratio

BESS limit

* high production threshold of _ = 80 Ge, ToA
~17 mp

e production at rest
¥ dark matter annihilation

= astrophysical production

e low binding energy
¥ disintegration
= energy losses

so far, but GAPS is coming soon...
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New data iIs coming ...
from AMS-02

experiment installed on the ISS
since 19 mai 2011

direct measurement elemental/
Isotopic fluxes of matter and anti-
matter, 108 < E < 1012 eV

\ 7| =
\ \ )/ 1\ \ / / : electron-proton separation

- : trigger, velocity and charge
—Sh— : rigidity, charge sign, charge

: velocity and charge

ﬁgl 1]
"

| : electron-proton separation, energy
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Conclusion

e Current propagation models

What you put in is what you get
out...

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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What is GAMBIT?

lobal "'nd ' 'odular SM nference ool

design for easy addition of new
e models
o experimental data sets and limits
e scanning algorithms

methods with customisable
e likelihoods
e priors

* nuisance parameters
A smart and fast
swapping of physics tools, scanners, likelihoods...

release 21 gambit.hepforge.org



http://gambit.hepforge.org

Who is GAMBIT?

P. Athron, C. Balazs, T. Bringmann, A. Buckley, J. Conrad,
J. Cornell, L.-A. Dal, J. Edsjo, B. Farmer, L. Hsu,
P. Jackson, A. Krislock, A. Kvellestad, F.N. Mahmoudi,
G. Martinez, M. Pato, , A. Raklev, C. Rogan,
A. Saavedra, C. Savage, , N. Serra, C. Weniger,
M. White

AMS-02, ATLAS, CTA, DARWIN, CDMS, DM-Ice, Fermi-LAT,
H.E.S.S., IceCube, LHCDb
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