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Clusters of galaxies as storage rooms for cosmic rays I

E=10"" eV

100,00E T T \\\\\\‘

©
o
e

1.00 ¢

distance from source [Mpc]
©
S

0.01

K.K., Allard, Murase, Aoi, Dubois,
Nagataki, Pierog, in preparation



10.00

distance from source [Mpc]

1.00

| p 7 .

L z ./'/. i
0.10 ,’," : E

L /.,_. A
0001 Il l. Il Il J lll Il Il Il [ lll Il Il Il ] |

1 10 100 1000

t [Myr]

K.K., Allard, Murase, Aoi, Dubois,
Nagataki, Pierog, in preparation



10.00

distance from source [Mpc]

1.00

i 4 K 7
0.10 e - : E

s - |
0001 1 /. 1 1 L1 lll 1 1 1 ] | ll 1 1 1 | |

1 10 100 1000

t [Myr]
confinement time:

100 Myrs

K.K., Allard, Murase, Aoi, Dubois,
Nagataki, Pierog, in preparation



distance from source [Mpc]

0.01

1.00 ¢

0.10 ¢

100
t [Myr]

1000

100

confinement time:

Myrs

K.K., Allard, Murase, Aoi, Dubois,
Nagataki, Pierog, in preparation



Clusters of galaxies as storage rooms for cosmic rays

Many authors have spotted this characteristic:

Berezinsky et al. 1997
Colafrancesco & Blasi 1998
Rordorf et al. 2004
Pfrommer et al. 2006
Ensslin et al. 2007
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for protons

(unrealistic photon backgrounds,
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Choosing realistic photonic and baryonic backgrounds l
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Most galaxies in clusters are old ellipticals.



Choosing realistic photonic and baryonic backgrounds
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Choosing realistic photonic and baryonic backgrounds I
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Most galaxies in clusters are old ellipticals.

At a distance 0.1 Mpc from the source, the cluster IR background already dominates the
extragalactic background at low energy.



Choosing realistic photonic and baryonic backgrounds

10000.00

1000.00 [

100.00 |

overdensity

1.00 [

10.00 |

= baryon
L overdensity
0.01 0.10 1.00
) i

mean free paths [Mpc]

- - - -
o o o o
- no w +

—
o
o

T ] T T T T ] T T T T ]

T ] T T T T ]

CLUSTER CENTRE

T ‘ T
i
py IR/opt/UV
(extragalactic)
i
i

-
-

S -
‘d
py Cluster background 1
\

i
}

\
p-p interactions -

-
-—
-

16

17 18 19 20 21 22
log,, E eV
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Choosing realistic photonic and baryonic backgrounds

T ] T T T T ] T T T T ] T ] T T T T ]

7
10000.00 F rrrrrrm T T T 11T T T T 1111 LR I 10 . ———r
- . CLUSTER CENTRE

\ (extragalactic)

"t
i

> py IR/OptUV 4

1000.00 [ '.‘
i

100.00 |

()
Q.
=
> =
7 ;é,
R 10.00 | E 8 F\ N
2 - baryon ! 0
; ] . 2
1.00 | overdensity ; =
, ©
: | Q
1 E E
0.10 ! ]
: ]
| 1 |
0.01 ! ]

0.01 0.10 1.00
) i



Choosing realistic photonic and baryonic backgrounds
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Hadronic interactions dominate at the cluster core, but become rapidly negligible.



Choosing realistic photonic and baryonic backgrounds
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If no confinement at the cluster core: no hadronic interactions.
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Choosing realistic photonic and baryonic backgrounds
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If no confinement at the cluster core: no hadronic interactions.
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Choosing realistic photonic and baryonic backgrounds
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Mixed composition cosmic rays
propagating in clusters of galaxies
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What happens if a mixed composition is injected at the source, inside a cluster of galaxies?



Mixed composition cosmic rays
propagating in clusters of galaxies
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Mixed composition cosmic rays
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What happens if a mixed composition is injected at the source, inside a cluster of galaxies?



Mixed composition cosmic rays
propagating in clusters of galaxies
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What happens if a mixed composition is injected at the source, inside a cluster of galaxies?

Heavy nuclei have a higher charge —3  a longer confinementtime —3  enhanced secondary flux?



Mixed composition cosmic rays
propagating in clusters of galaxies
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What happens if a mixed composition is injected at the source, inside a cluster of galaxies?
Heavy nuclei have a higher charge —3  a longer confinementtime —3  enhanced secondary flux?

Do the heavy nuclei survive in the cluster?
s there a specific signature in the secondary spectrum (cosmic rays, neutrinos, gamma rays)?



A very complete propagation code

Magpnetic field of cluster of galaxies:
Cluster with cooling flow:

- more likely to contain AGN

- enhanced B in core

magnetic field (Dubois & Teyssier 2008)

Propagation in magnetic fields:

semi-analytical propagation code to take into account
small-scale turbulence effects in the central region
(K.K. & Lemoine 2008a)

cosmic ray
trajectory in
magnetic field

Interactions with nuclei:

Y-N processes and propagation of secondary nucleons
(Allard et al. 05, and SOPHIA, Mucke et al. 1999)
photon densities using scaled elliptical galaxy SED

p-N processes: using CONEX, EPOS
(hadronic interaction codes to simulate air showers)

IR photon
density

baryonic density X and Gamma-ray cascades (Murase et al. 2007)

K.K., Allard, Murase, Aoi, Dubois, Nagataki, Pierog, in preparation
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Neutrino flux from mixed composition cosmic ray injection
in a cluster of galaxies (gamma ray fluxes are being calculated...)

W'th Bcore - 1 HG
and realistic cluster IR photon background

1010 RARRRRRAS RARRRRRRL REARRRRAS RARRRRRAS RARARRRRL
all extragal. IR —=-=-=---
............. CMB hadron —---—.-..
10_12 ————— cluster IR
107"
10—16
10—20

10722




E? dN/dE

Neutrino flux from mixed composition cosmic ray injection
in a cluster of galaxies (gamma ray fluxes are being calculated...)

W'th Bcore = 1 HG
and realistic cluster IR photon background
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E? dN/dE

Neutrino flux from mixed composition cosmic ray injection
in a cluster of galaxies (gamma ray fluxes are being calculated...)

W'th Bcore = 1 HG
and realistic cluster IR photon background
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With a mixed cosmic ray composition, we should have nearly equal chance of observing
neutrino fluxes from clusters of galaxies (i.e. from any point source in the Universe)
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Mixed composition cosmic ray spectrum
from a cluster of galaxies
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Mixed composition cosmic ray spectrum
from a cluster of galaxies
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Mixed composition cosmic ray spectrum
from a cluster of galaxies
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Mixed composition cosmic ray spectrum
from a cluster of galaxies
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Mixed composition cosmic ray spectrum
from a cluster of galaxies
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Mixed composition cosmic ray spectrum
from a cluster of galaxies
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Conclusion

Mixed composition injected at center of cluster of galaxies with realistic
photonic, baryonic and magnetic backgrounds:

Even with a fairly light B (Becore = 1 uG):

- heavy nuclei are strongly suppressed
- cut-off at low energy due to magnetic confinement time («xZ)

and hadronic interaction time (xA-?/3 approximately)

clusters of galaxies as main ultrahigh energy cosmic ray sources would imply
galactic/extragalactic transition at very high energy

coming soon:

- comparison for clusters with / without cooling flows

- various mixed composition of cosmic rays at injection
- gamma ray fluxes

- diffuse fluxes

Kumiko Kotera, Institut d’Astrophysique de Paris, France Rencontres de Moriond - 03/02/09



