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ew (full MC) simulator of

@ UHECR propagation
@ Magnetic fields (Gal, XGal)
@ Cosmology

@ Source distrib., injection

1D of nuclei and v, 3D
propagation (in regular or
turbulent magnetic fields) of
nuclei without energy loss:
developed and completed by
Manlio as part of his PhD thesis
(Feb 2012)
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“Who" is HERMES?

Upgrades!

Merging of existing modules for
3D propagation with energy
losses

Upgrades!

Merging with new code ELECA
for the propagation of v and
et/e”

(M.Settimo, M. De Domenico, H.
Lyberis, Scineghe 2012)
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Outline of this talk

Part 0. HERMES backbone
General philosophy, scheme of modules

Part I. Simulating the propagation of nuclei

@ Cross sections

@ Energy losses in the extragalactic background radiation (EBR)

@ Propagation in a magnetized Universe

Part Il. Propagation of secondary particles

@ Propagation of v

@ Status of the propagation of v and et /e~
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Part O:
HERMES backbone
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HERMES: sketch of modules
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Part I:
imulating the propagation of nuclei
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Modeling EBR and interaction length
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HERMES: energy losses and particle prod

Cosmology

@ Fully customizable: Hubble parameter, energy and matter densities...

@ Source evolution: Star Formation Rate (SFR), AGN, QSO, GRB and
(1+2)"

-

Energy loss

Include only those ones having a significant impact on the propagation of
UHECR:

@ Adiabatic loss: expansion of the Universe [A > 1, v, v] (CEL)
@ Pair production: creation of e™ /e~ pairs [A > 1, ] (CEL)
@ (Multi)Photo-pion production: creation of 7 [A > 1] (MC)

@ Photodisintegration: fragmentation of the original nucleus, creation of
lighter nuclides due to Giant Dipole Resonance and Quasi-Deuteron effect
[A > 2] (MC)

o
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HERMES: Simulating Ayegr interactions
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HERMES: Puget-Stecker-Bredekamp [S—stable chain

The modular structure allows high customization o e e
Default: TALYS v1.2 cross sections and S—stable chain e ] Il I s o
Any change to TALYS cross-sections can be easily updated [fes|"se| = fian e
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HERMES: (many!!) exclusive channels considered

Branching Ratio
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HERMES: sources and composition
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HERMES: composition at Earth
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HERMES: comparison with other simulators
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HERMES: magnetic fields
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Part Il
Propagation of secondary particles
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E’®(E)[A.U]

HERMES: neutrinos (1D propagation)
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MC code to propagate extragalactic UHE v and e' /e~
Main interaction processes with the EBR:

@ Pair Production (for photons)

@ Inverse Compton Scattering and Triple Pair Production (for et /e™) are treated
with a full MC;

Q Synchrotron and adiabatic energy losses are treated as continuous processes.

(M.Settimo, M. De Domenico, H. Lyberis, Scineghe 2012)
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Conclusions

A new full MC simulator of UHECRs has been developed:

@ 3D Propagation in a magnetized Universe

@ Energy losses in the EBR

@ Cosmology, Source distribution, UHECR injection
@ Propagation of v, v and e™ /e~

@ ASCII configuration file as input: very customizable, about 50
different parameters/options

@ Good agreement with existing results

© Nuclei/magnetic fields: final stages of consistency checks

@ ELECA: cross-checks in progress, but promising

© Public release soon

A\
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Extra slides
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HERMES: 1D output example

Ao

0.025243932

20

0.025180519
0.025180519
0.025164885
0.024475392
0.023937582
0.015019573

0.009091464
0.009091464
0.009091464
0.019126844
0.019126844
0.019126844

2y

Eo A

56 26 1.6932246e+22 0 1

Zf

2.9686636e+20
2.9686636e+20
2.9669662e+20
2.6187646e+20

11
10
11
11
1 0 2.6157887e+20

011
011
011
011
011

0 0 2.091234e+17 0 0 0 2.0602782e+17 neutrin

8.2205328e+18
9.3732009e+18
9.3732009e+18
3.3055159%e+18
3.7690093e+18

00
00
00
00
00
3.7690093e+18 0 0

OO0 OO0
[eNeleleloele]

Zs

Ef

Type Process

1 1.4185944e+20 nucleus original

1.6870631e+20
1.6870631e+20
1.6872023e+20
1.5790114e+20
1.5921432e+20

8.1463999%e+18
9.2886733e+18
9.2886733e+18
3.2434032e+18
3.6981874e+18
3.6981874e+18

[=NeleleNele)

nucleus (photodis)
nucleus
nucleus
nucleus
nucleus (pl

photodis

(
(
(et
(et

neutrino (pionprod ~nu_mu)
neutrino ( i ~nu_e)
neutrino ( i nu_mu)
neutrino (pionprod ~nu_mu)
neutrino (pionprod ~nu_e)
neutrino (pionprod nu_mu)

In the 3D version you have also 3-coords for:

Position, Momentum and Propagation Time

Output is structured to allow cascade reconstruction...
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HERMES: energy losses and particle production

Homogeneous

Friedmann-Robertson-Walker Universe: Isotropic

— Friedmann equations

dt
- = Energy loss rate
o dz Z /BP"OC(zz E)7 gy
process
Cosmology _ﬂ = #
d. Ho(]. + Z)
Ho Hubble param.

NI

[QM(1 F 2P+ (1= Qu— Q)1+ 2)2] -

Q Density of cold+baryonic mass
Q, Density of dark energy

Sum extended to all interactions acting during the propagation. Include only
those ones having a significant impact on the propagation of UHECR:

@ Adiabatic loss: expansion of the universe [A > 1, 7, v] (CEL)
@ Pair production: creation of e /e™ pairs [A > 1, 4] (CEL)
@ (Multi)Photo-pion production: creation of 7 [A > 1] (MC)

@ Photodisintegration: fragmentation of the original nucleus, creation of
lighter nuclides [A > 2] (MC)

Available source evolutions: Uniform, Star Formation Rate, AGN, QSO and GRB
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