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Adapted from Moskalenko et al. (2004) AMS, CREAM, PAMELA
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Cosmic Ray journey in 3 steps:

     1. Synthesis and acceleration
     2. Transport (diffusion & interactions)
     3. Solar modulation+detection
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=> Use LiBeB to calibrate the transport coefficients 

=> Search for DM where “standard” production is rare (secondary)

Requirement: consistent description of 
all fluxes (electrons, nuclei and gamma)

I. Zeste d'intro.



  

Measurements

Transport

Acceleration

~ Milestones ~

2000 Non-linear magnetic field amplification in diffusive shocks (à la Bell & Lucek)

2000's  Necessity to take into account time-dependent effects and local sources?
2010's  Inhomogeneous transport, MHD self-consistent approaches?  

2010+ AMS, CREAM, FERMI, PAMELA, TRACER, ...

I. Zeste d'intro.



  

Propagation codes: what for?

I. Zeste d'intro.

Astrophysics

• Extract transport parameters (diffusion, convection...)
• Extract source parameters (abundances, spectra)
• Check all secondary productions (positrons, anti-protons, γ-rays)

Issues: solar modulation, nuclear cross-sections, spatial dependence of param.
N.B.: even GALPROP-like codes are pheno. (see Alex's talk on diffusion)

Indirect dark matter searches (tomorrow's session)
• Calculate Dark Matter contribution to secondary fluxes

Issues: same as astrophysics (background), but worse (DM distribution, PP...)

=> code must be multi-GeV + multi-messenger
+ DM-enabled

+ fast + user friendly + versatile
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Basics on transport: equation

II. Poil de phéno.



  

Basics on transport: simplifying assumptions

Steady-state: 1D Diffusion Model vs LeakyBox Model

II. Poil de phéno.



  

Basics on transport: Do/L degeneracy

Steady-state: 1D Diffusion Model vs LeakyBox Model

=> Link between LBM and diffusion models

Degeneracy: Models with the same D0/L are equivalent (secondary-to-primary production)
=> referred to as “the degeneracy” in the following

II. Poil de phéno.



  

Basics on transport: diffusion and source slope

Steady-state: 1D Diffusion Model vs LeakyBox Model

Simple case: secondary-to-primary ratio

Degeneracy:

High energy:

Models with the same D0/L are equivalent (secondary-to-primary production)
=> referred to as “the degeneracy” in the following

=> Link between LBM and diffusion models

II. Poil de phéno.
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1. Performances:
• In general, less prone to numerical instabilities
• Faster
 => Easier to sample the parameter space of a given models

2. Direct benefits:
• Uncertainties on the propagation parameters
• Uncertainties on any quantity derived from these parameters

=> allows to understand which are the relevant physical parameters

3. Indirect benefits:
• The derived range of parameters can be used “as is” in limiting cases  
• Studies: spatial “origin” of sources, radioactive & local bubble, exotic fluxes

Semianalytical models

III. Ana. vs Num.



  

Exemple of limitation: inhomogeneous transport

Southwestern halo: 
diffusion dominated

Northeastern halo: 
convection dominated

Heesen et al., A&A 494, 563 (2009)

NGC 253 (starburst Galaxy, SFR ~ 5 Milky Way, Fermi source)
- Inhomogeneous spatial diffusion/convection
- Convective transport dominates over diffusive one in the northeastern halo

=> “Homogeneous” models may be a good approximation,
but are we touching their limit?

III. Ana. vs Num.



  

- Each model developed generally not suitable for all species
- Different refinements required for different species (nuclei, leptons, s)

Sample of models/effects inspected in the literature
Bloemen et al. A&A 267, 372 (1993)                                  => Semi-analytical (homogeneous D, linear wind)
Erlykin & Wolfendale, J. Phys. G 28, 2329 (2002)             => Semi-analytical (use (r), linked to turbulence level)
Jones et al., ApJ 547, 264 (2001)                                         => Semi-analytical (homogeneous D, constant wind)
Ptuskin & Soutoul, A&A 337, 859 (1998)                           => Semi-analytical (radioactive nuc. and LISM)
Shibata et al., ApJ 642, 882 (2006)                                      => Semi-analytical (inhomog. D, no V)

Berezhko et al., A&A 410, 189 (2003)                                 => Secondary production in source
Breitschwerdt et al., A&A 385, 216 (2002)                         => Numerical (homog. D, but V(r,z))
Evoli et al. JCAP 10, 18 (2008)                                            => Numerical (inhomogeneous D, no V, no E losses)
Farahat et al., ApJ 681, 1334 (2008)                                    => Numerical (backward Markov stochastic processes)
Strong & Moskalenko, ApJ 509, 212 (1998)                        => Numerical (cst + linear wind)

+ anisotropic diffusion (e.g., to explain the knee)
+ time-dependent effects (HE leptons)

+ MHD couplings of magnetic fields, CRs and gas...

General caveats

=> Up-to-date/optimised models describing all CRs
are likely to be a mixture of the above approaches

III. Ana. vs Num.
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GALPROP (1)

IV. Codes



  

GALPROP (2)
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GALPROP (3)
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GALPROP (4)
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DRAGON (1)
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DRAGON (2)
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DRAGON (3)
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Systematic uncertainties: production crosssections

GALPROP 09, Webber 03, or energy biased X-sections

Maurin, Putze & Derome, arXiv:1001.0553 (2010)

=> Systematics uncertainties > “statistical uncertainties” (fit from data)

IV. Codes



  

USINE (1)

Base package, C++/Root interface

 A – Ingredients common to all models
       1. Base ingredients

- Nuclear charts (m, A, Z, β and EC-decay channels)
- Atomic properties (FIP, Ek-shell...) 
- Nuclear physics (production, inelastic... X-sections)
- Energy losses (Coulomb, ionisation)

       2. Solar modulation (IS to TOA)
       3. Database (experimental fluxes)
       4. Visualization and fitting tools

- Displays
          - Fitting tools

B – Ingredients specific to each model
       1. Description (Input variables)

- Geometry
- Sources (spatial distribution, spectra)
- Propagation (transport coefficient, equation)

       2. Solution of the transport equation
- Standard secondary/primary/tertiary contributions
- Unstable radioactive nuclei (BETA or EC)
- Energy redistributions (energy losses, reacceleration)
- Exotic primary contributions

Models (LB, 1D, 2D const. wind)

IV. Codes



  

USINE (2)

Base package, C++/Root interface

 A – Ingredients common to all models
       1. Base ingredients

- Nuclear charts (m, A, Z, β and EC-decay channels)
- Atomic properties (FIP, Ek-shell...) 
- Nuclear physics (production, inelastic... X-sections)
- Energy losses (Coulomb, ionisation)

       2. Solar modulation (IS to TOA)
       3. Database (experimental fluxes)
       4. Visualization and fitting tools

- Displays
          - Fitting tools

B – Ingredients specific to each model
       1. Description (Input variables)

- Geometry
- Sources (spatial distribution, spectra)
- Propagation (transport coefficient, equation)

       2. Solution of the transport equation
- Standard secondary/primary/tertiary contributions
- Unstable radioactive nuclei (BETA or EC)
- Energy redistributions (energy losses, reacceleration)
- Exotic primary contributions

Models (LB, 1D, 2D const. wind)

[NEW]
Markov Monte Carlo Chain 

(MCMC) technique
=> PDF of parameters

Putze et al., A&A 497, 991 (2009)
Putze et al., arXiv:1001.0551 (2010)

See Antje Putze's talk

IV. Codes



  

USINE (3)

+ to be thought as a toolbox to implement your own models

- V1.0 public release
- Database (see Richard Taillet's talk)
- Website (simple model calculation online)

… and to improve it

e+/e-: T. Delahaye, F. Donato, J. Lavalle, R. Lineros, P. Salati
in discussion...
More statistical tools: A. Putze & L. Derome
N'USINE (N'umerical USINE): B. Coste + others
Better Solar modulation: collaborations welcome...

We are working hard to go public (~April 2010)

USINE-core (root-like documentation): D.M. (LPNHE)
Database: R. Taillet (LAPTh)
GUI: F. Barao (LIP)
MCMC: A. Putze (KTH), L. Derome (LPSC)

IV. Codes
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1. Don't be fooled by any existing code (including USINE)

• They are phenomenological models
• What you get from depends on what you put in

=> You can often fit any data given enough ad hoc prescriptions

2. Always ask yourself: what do I need it for?

• Test a new model against standard parametrisation?
• Test your new data against standard models?
• Black-box analysis of some dark matter candidate?

=> DM analysis may be the most desired feature of propagation
codes, but they are the most likely to be ill-estimated, if not plain wrong

3. Why should you use USINE?

• If you like ROOT, you'll feel comfortable with USINE
• Real C++: designed to be easy to adapt for your purpose (versatile)

=> As soon as public, your feedback and help will be welcome

~ Conclusions ~
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