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Universe (after Planck)
* 68.3 % dark energy

* 26.8 % dark matter

* 4.9 % ordinary matter

— Same transport but different origin AN
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1. Introduction: GCR data (~10°-10" eV)
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Elemental spectra
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N.B.: rare CRs produced by H,He + ISM

— How well do we know the astro. production?

— Is it a good place to look for dark matter?

— Origin of ‘universal’ power law (E*?)?
— Abundances of elements/isotopes?
— CR anisotropy (6<107)
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2. Transport equations: techniques and codes

Variation . e . E gains/losses .

—_—— Spatial transport: diffusion+convection Catastrophic losses - e —. Source term: prim.+sec.
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Weighted-slab/LB

Approach| Separate fragmentation:
* Grammage dist. (PLD)

* Integrate on grammage
LB — PLD(X) = e ¥7e0

Tools * 1D numerical integr.
* Simple

Pros P

cons * Leakage approx. fails
(leptons and decay)

Codes | Davis (1960) — Leaky box
and/or | Ginzburg & Syrovatskii (1969)
Jones/Ptuskin/Webber (70-01)
Jones et al. (2001)
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Weighted-slab/LB (Semi-)analytical

Approach Separate fragmentation: | Simplify problem:
* Grammage dist. (PLD) | * dominant effects

* Integrate on grammage | * simple geometry
LB — PLD(X) = e

* Green functions
Tools * 1D numerical integr. * Fourier/Bessel

* Diff. equations

* Simple * Direct dep. in sol.
Pros * Fast (e.g. w/ MCMCQ)
cons * Leakage approx. fails | * “Effective” models
(leptons and decay) * New eq. per model
Codes | Davis (1960) — Leaky box Ptuskin (1980+)
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2. Transport equations: techniques and codes

Variation . e . E gains/losses
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* Grammage dist. (PLD) | * dominant effects * Numerical scheme
* Integrate on grammage | * simple geometr e.g., Crank-Nicholson
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* Diff. equations
* Simple * Direct dep. in sol.  Simple algebra
Pros * Fast (e.g. w/ MCMC)| ¢ Universal (any model)
cons * Leakage approx. fails | * “Effective” models e Slower / instabilities
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2. Transport equations: techniques and codes

Variation . e . E gains/losses .
—_—— Spatial transport: diffusion+convection Catastrophic losses P - Source term: prim.+sec.
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Approach Separate fragmentation: | Simplify problem: Discretize equation: Follow each particle:
* Grammage dist. (PLD) | * dominant effects * Numerical scheme * N particles at t=0
* Integrate on grammage | * simple geometry (e.g., Crank-Nicholson) | ¢ evolve each @ t+1
LB — PLD(X) = el X — Matrix inversion ID: Az = + V2DA?
Tools . ’ Greep functions * Num. recipes/solvers * Stochastic diff. equations
* 1D numerical integr. . FD(?Ffrler/Bi§sel (NAG, GSL libraries) Markov process + MPI
* Diff. equations
* Simple * Direct dep. in sol.  Simple algebra * Stat. properties (along path)
Pros * Fast (e.g. w/ MCMC)| ¢ Universal (any model) * t step (for/back)-ward
cons * Leakage approx. fails | * “Effective” models * Slower / instabilities * N large (statistical errors)
(leptons and decay) * New eq. per model * RAM for high.res. * Massively parallel
Codes | Davis (1960) =Feaky box Ptuskin (1980+) GALPROP (Strong et al., 1998) Webber & Rockstroh (1997)
Ginzburg & Syrovatskii (1969 g . ’ Farahat et al. (2008)
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3. USINE code: models (LB, 1D, and 2D)

LBM: Putze et al., A&A 497, 991 (2009)
1D: Putze et al., A&A 516, A66 (2010)
2D: Maurin et al., ApJ 555, 585 (2001)

B disintegration Spallation

//’—B\\
N

A
,'(A,Z) (A,Z+1)

(Halo+Disc) (Disc) Model limitation

* Steady-state

* Homogeneous diffusion

Isotropic diffusion

2D model
« Constant V_ along z
L=3-10 kpe * Gas and sources in thin disc
* Reacceleration in disc only
h=0.1 kpc | g

N.B.: 1D version with R — oo

For (anti-)nuclei
* Pedagogical value
* Testbed for high precision data
* Does it still match the data?

(Halo+Disc)

Diffusion on magnetic inhomogeneities



3. USINE code (in a nutshell)

Code technicalities

* C++ (with classes) + cmake + gitlab + CI + online documentation

# USINE
Home » USINE documentation 4 Edit on GitLab

USINE documentation

Welcome to USINE, a library with several semi-analytical Galactic cosmic-ray (GCR) propagation
models.

We hope you will enjoy using USINE whether you want to: UsINE: semi-analytical models for Galactic cosmic-ray propagation

. N N Dravid Maurin®
« learn and know more about CR propagation phenomenology, taking advantage of the simple
: . . N N CLPSC U wire G, able-Alpe s, CNRSIN2PI, 53 av e s M 5, IRO26 G, wble, Fr
command-line interface and graphical pop-ups to quickly see and compare the importance of P Ll Al i e s frplle, fanes

various ingredients on the resulting fluxes;
» perform state-of-the art analyses of new CR data, taking advantage of the very flexible ASCII

parameter file to select your model, configuration, etc., to fit your data with any number of free

i 9 I present the first public release (v3.4) of the usme code for cosmic-ray propagation in the Galaxy. It contains several semi-analytical
parameter (transport, source, geometry...) and nuisance parameters (cross sections, data pfop;.gun‘ou modzlu% previously used in the literature (leaky-box mo:e?z?;gne 1D and 2D dilftminn models) for the cnlculun!in of
systematic uncertainties...) nuclei (Z = 1 — 30). anti-protons, and anti-deuterons. With a single 4SCIT initialisation file to configure runs, its many displays,
and the speed associated to semi-analytical approaches, vsee should be a useful tool for beginners. but also for experts to perform
statistical analyses of high-precision cosmic-ray data. Any geometry. transport. and source parameters can be enabled as free
inputs and outputs right, taking advantage of the modularity and flexibility of the USINE C++ parameters, wheress nuisance parameters are enabled on solar modulation levels, cross sections (inelastic and production). and
systematics of the CR data. The next release. in preparation. will include leptons, dark matter contributions in 2D model. interface

Abstract

» develop and use you own semi-analytical model without having to spend years setting all

libeory; with MCMC engine. etc
Contents
1 Introduction and context 1
5 Initialisation file, models, and parameters 7
2 Transportequation 3 5.1 Initialisation file syntax . . P 8
5.2 Base parameters . . . . . . 8
3 Description of the code 3 53 Model parameters 8
3.1 Code structure . . . . . 4 5.4  Runparameters 10
32 Inheritance diagrams 4 5.5 Fit parameters . . . .. . . . R 1]
33  Focus on afew functions 4
34  Enumerators and keywords . . . 6 @ Executable, options, and run examples 1
6.1 Local fluxes: . /binfusine -1 12
4 Input ASCII files (ingredients) 7 6.2 Extaplots: . /bin/usine -e 12
4.1 Atomic properties and CR charts R 6.3 Extaplots: . /bin/usine -m 13
4.2 Solar system (S5) abundances P &
Run features 4.3 Cosmic-ray data and covariance matrix 7 7 Conclusions 14
4.4  Cross sections 7

* Intitialisation from ASCII files (list of CRs, E-range, CR and XS data...)
* Run configuration (models, free params in minimization) from ASCII file
* Simple command-line + pop-up graphics

— on arXiv before the end of CRISM



4. Break in the diffusion coefficient?

Génolini, Serpico, et al.,
PRL 119, 241101 (2017)




4. Break: source or diffusion?

H and He
— spectral break at ~ 300 GV
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4. Break:

source or diffusion?

B/C

H and He
— spectral break at ~ 300 GV
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4. Break: source or diffusion?

Aguilar et al., PRL 115, 211101 (2015)
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4. Break in the diffusion coefficient?

Génolini, Serpico et al., PRL 119, 241101 (2017)
Indications for a High-Rigidity Break in the Cosmic-Ray Diffusion Coeflicient

Using cosmic-ray boron to carbon ratio (B/C) data recently released by the Ams-02 experiment, we find
indications (decisive evidence, in Bayesian terms) in favor of a diffusive propagation origin for the broken
power-law spectra found in protons (p) and helium nucler (He). The result is robust with respect to

Aguilar et al., PRL 120, 021101 (2018)

— Break in all secondary/primary ratios

— Break seen in all data ool @ : ;"cc
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5. Ranking of cross sections (XS)

“XSCRC2017: Cross sections for Cosmic Rays” at CERN
(organised by F. Donato & P. Serpico)

!

Génolini, D.M., Moskalenko, and Unger, arXiv:1803.04686



5. Ranking XS: motivation (1)

CR modelling requires

e Reaction cross-section

(CR destruction) on ISM

S (~
* Production cross sections (~90% H, 10% He)

(secondary species)

/

Various approaches
— Microscopic

— Semi-empirical
— Parametric



5. Ranking XS: motivation (1)

CR modelling requires

e Reaction cross-section
(CR destruction)

e Production cross sections
(secondary species)

Various approaches
— Microscopic

— Semi-empirical
— Parametric

N

y

on ISM
~ (~90% H, 10% He)

Tomassetti, PRD 93, 3005 (2017)

He + C total inelastic (a) -

Glauber-Gribov [GEANT-4-09-06[]

- — — Shen [GEANT-4-09-04] 1
600 =

10 10’
kinetic energy (GeV/n)

Reinert & Winkler, JCAP 01, 055 (2018)

F M ;
E - — I1B
— - q4 10
o 10k :
1] g ]
(uit] i 'DBE
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B i ; ]
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E [MeV]

— No data above a few GeV/n



5. Ranking XS: motivation (1)

. . Tomassetti, PRD 93, 3005 (2017)
CR modelling requires

=
. . y E 800
« Reaction cross-section " inber Grioow [SEANT-409.06]

(CR destruction) on ISM 500l — — Shen[GEANT-4-09-04] ]

~ (~90% H, 10% He)

He + C total inelastic (a) -

e Production cross sections
(secondary species)

10* 1 10 107 10’
kinetic energy (GeV/n)

Reinert & Winkler, JCAP 01, 055 (2018)

Various approaches S ———
— Microscopic 10°F M 1.
— Semi-empirical g T 1°®
— Parametric = 10} B
% ] 10ge
° 4L - i
~ Systematics from XS dominate over data CR uncertainties /‘
Maurin, Putze, and Derome, A&A 516, 67 (2010) e e S E——
10 10 10 10 10
E [MeV]
— XS uncertainties ~ 10-15 % — No data above a few GeV/n

— AMS-02 uncertainties ~ 3%




5. Ranking

.35

XS: motivation (2)

Fixed propagation setup

0.3
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: = m Data precision 2-3% -
i . N P ’ —
- ,_fq"\ 7
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— A TN Spread from X-section > 10%
- NN -
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— 1D diffusign model LN f —
- ¢ =700 MV %ﬁ N T
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- XS GALPROP 12 % 4+ —
e —— XS GALPROP 22 T \&t‘& -
- S Fod -
E """""" XS Webber 2003 TR """Hm..:,

w -

R [GV]

([1]

New XS data required!
— Which reactions are the most important, how many matter?
— How to have a proper error budget (from XS to fluxes)

=


http://adsabs.harvard.edu/abs/2009A%26A...497..991P
file:///home/dmaurin/PRESENTATIONS/TALKS/2010A%26A...516A..66P
http://adsabs.harvard.edu/abs/2001ApJ...555..585M

5. Ranking XS: most important channels for B (1)

Ilustration with Boron

(~30%) (~70%)

Reactions contributing to 'B

20N o 16() y
Mg\ N
_ g
Si K
> 11 B

1-step channels




5. Ranking XS: most important channels for B (2)

Ilustration with Boron

(~30%) (~70%)

Reactions contributing to "B

160 ;
6
J @
15y, ¥ ,
a0 N “, %

% Vo o X
AN / _
oy O e
YN <L LB

F o~ llB — O

2-step channels




5. Ranking XS: most important reactions for B (1)

Reactions to consider

a (CRs) + b (H, He) — c (CRs + ghost nuclei)

Ghost nuclei to account for
* Exemple

G-;{—N“B = 0¥ 410 + Ox 4100 X BT‘(lDB — IDC)

* Relevant list for Li, Be, B fluxes

Nucleus T, Daughter (decay mode)
“He R06.92 ms °Li (3, 100%)
“Li 1783 ms "Be (87, 49.2%, *He (8™ n. 50.8%)
Yoo 193009 s MB (AT, 100%)
e 20364 m MB (AT, 100%)
2B 20.20ms '?C (37, 98.4%), *He (8~ 3a, 1.6%)
YN o9965m  YC (g7, 100%)
130 R.58 ms Bo(pt, 80.1%), P C (8T p, 10.9%)
MO t0.620s  MN (BT, 100%)
150 122245 N (BT, 100%)
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Reactions to consider

a (CRs) + b (H, He) — c (CRs + ghost nuclei)

Ghost nuclei to account for
* Exemple

G-;{—N“B = 0¥ 410 + Ox 4100 X BT‘(lDB — IDC)

* Relevant list for Li, Be, B fluxes

Nucleus T, Daughter (decay mode)
“He R06.92 ms °Li (3, 100%)
“Li 1783 ms "Be (87, 49.2%, *He (8™ n. 50.8%)
Yoo 193009 s MB (AT, 100%)
e 20364 m MB (AT, 100%)
2B 20.20ms '?C (37, 98.4%), *He (8~ 3a, 1.6%)
YN o9965m  YC (g7, 100%)
130 R.58 ms Bo(pt, 80.1%), P C (8T p, 10.9%)
MO t0.620s  MN (BT, 100%)
150 122245 N (BT, 100%)

Calculate fabc

B wsec (I‘Ef) . wsec(ga—i—b—hc — 0)
fabc — z,bsec(ref)



http://adsabs.harvard.edu/abs/2017PhRvL.119x1101G

5. Ranking XS: most important reactions for B (1)

Reactions to ConSlder Reaction a + b — ¢ Flux impact fo.. (%] o [mb]
min | mean | max range
. a(2C +H -''B) 15.0] 18.1 |19.0 30.0
a (CRs) + b (H, He) — c (CRs + ghost nuclei) o(2C+H -1C)  16.0] 16.2 [17.0 26.0
o(*"O+H ="B)  11.3| 11.8 |12.0 18.2
(20 + H =1"B) T.20| T.41 |7.60 12.3
(%0 + H —=1"B) G2 T.03 |7.21 109
(%0 +H —11C) 567 5.89 |6.00 9.1
h lei £ o(,B+H="B)  400] 4.07 |4.20 38.9
ol TC +He —=""B) 2.50| 2,59 (2.70 386
Ghost nuclei to account for a(12C+ He +'C) 210 2.14 |2.20 32.0
° a("N +H —11B) 2.00| 2.03 |2.10 26.1
Exemple 0(12C + H +1C)  180| 1.87 |1.90 3.1
C 10 10 o TO4+ He —""B) 167 1.75 |1.80 24.4
Ox_,10g = OX 3108 + Ox 4100 X B’r‘( B — C) o(MC+H-='B) 150|158 [1.60 22.2
a(PPC 4+ H =""Be)  1.40| 1.48 [1.50 4.0
.:rl[i;N +H —HLE:] 1.30| 1.34 |1.36 17.3
° 1 1 ol "C + He — ' B) L.00| 1.06 |1.10 15.8
Relevant list for Li, Be, B fluxes Theg T He Diom) ool T8 109 18
: - - - a{i:Mg+ H —a-llllB] 088 1.01 |1.00 10.4
a(*N+H—-""C) 090 0.92 (.94 11.9
Nucleus T, Daughter (decay mode) -:r{ich'+ H _PI;..J.B:I 0.87| 0.90 [0.93 120
BHe R06.92 ms ©Li (3=, 100%) a{mD + He T C) 083 0.88 |0.90 12.2
o . o B . B ("0 + H —"Be)  0.84| 0.87 |0.91 2.2
Li 178.3 ms Be (87, 49.2%, "He (8™ n, 50.8%) .:-{HB +H —>11’r’FBe] .81 0.83 |0.85 12.9
10 10 + il '_N+H — B .77 0.79 |(0.82 10.3
C  19.3009 s B (7, 100%) o(*N +H -19B)  0.72| 0.74 |0.77 0.6
11C 20.364 m B (BT, 100%) .:-Ef':?_uig _,llrtgj] Hag g.g: H:;? [4_{:;{?.5]
. . ey K -+ Mk . ik 9.
2B 20.20ms '?C (37, 98.4%), *He (8~ 3a, 1.6%) o(Mg+ H =''B)  0.58] 0.60 |0.6: 6.
13 13 + . o "B+ He—""B] 057 0.58 [(L.50 500
1.JJN 9.965 m HG (87, 100%) Y .:r{;zC+ H —a-lllcljj 0.54| 0.56 |0.59 8.2
30 258 ms Els (ﬁ+r Sg.l%J, C (£+p? lnlg%J 6{24NG +H — HCJ 052 0.54 [0.56 7.2
-, 4 + a{#¥Mg+ H —11C) 051 0.53 |0.56 5.1, 5.9]
O T0.620 s N (37, 100%) e(2’Ne+ H —1B) ~ 0.49| 0.51 |0.52 ’E}.4, ?.1]
15 15 + . o8I+ H = TC) 042 0.44 046 4.3, 5.0
O 12224 s N (31, 100%) a{i:N+H—>lth] 0.40| 0.41 [0.43 [ 5.3 ]
a(*®8i+ H =B} 0.27| 0.39 |0.52 2.8, 5.7
o("Fe+H +"B)  0.03| 0.35 |0.67 0.4, 11.0]
:r{;;N+Hc~ —a-iiB] 0.29] 0.29 |0.30 34.1
Calculatef ... et voila! 750 H opg 054l 028 025 59
abs _ bes o(*3C + He —+°C) 0.24| 0.25 |0.25 3.7
hSec(ref) — hSec(gatb—rc — ) a("Fe + H —+'B)  0.01]| 0.24 [0.47 0.2, 7.8]
w w 12 10k -]
fabc — ' o{ P C 4+ He —""Be) 0.22( 0.23 |0.24 5.6

H’;sec (I‘Ef)

N.B.: ranking robust against transport/source parameters


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.171103
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.211101

5. Ranking XS: most important reactions for B (2)

This is what it looks like...

B0 e, np — GP12 $ [FoTT]
. ) == WIS0R 4 [Koli2]
=] Fhx impact: _— ‘
1257 Li1.38% mmmn W b [Kooo)
Be 1.43% ~== Wode + [Ols3
1007 B 18.07% bWl
= B [Weng|
() Th1 *
501 B }
ond B e o e e e e
10-1 1 10!
Ey i [GeV/n)
Be - g — GP12 ¢ [ForT]
Flux impact: - ﬁ_[ﬁ!m 4 [[?nnzl
304 Li064% To s B [Kot)
Be 0.64% L + [Ols3)
B 7.41% bW
I

[Weos] +

10! 10" 10!
Ey . [GeV/n]

Reaction a + b — ¢ Flux impact fo.. (%] o [mb] Data o5
min | mean | max range
a(*C +H =''R) 18.0| 18.1 [19.0 30.0 SO1R
s(PC+H-=C)  16.0| 16.2 |17.0 26.9 4  nfa
o(*"O+H ="B)  11.3| 11.8 |12.0 18.2 S 15
a(PPC +H —='"B) T.20| T.41 |T7.60 12.3 v 1
(%0 + H —»+1"B) 6.82] 7.03 |7.21 10.9 v
(%0 +H —11C) 567 5.89 |6.00 9.1 n/a
e("'B+H=""B)  4.00| 4.07 |4.20 38.0 v
o(12C + He =B} 2.50| 2.59 [2.70 38.6 1.8
2C+He —+'"C) 210] 2.14 |2.20 32.0 n/a
a("N +H =B 2.00| 2.08 |2.10 26.1 v 1.2
a(2C+H —YC)  1.80| 1.87 |1.90 3.1 v  nfa
w10 + He =B} 1.67| 1.75 |[1.80 24 .4 1.5
a{"C+H—= "B 1.50] 1.53 [1.60 22.2 1.7
a(PPC 4+ H =""Be)  1.40| 1.48 [1.50 4.0 "y
(N 4+ H=UR) 1.30| 1.34 |1.36 17.3 ST
a(C + He -""B) 1.00| 1.06 |1.10 15.8 1.1
(%0 + He =B}  0.99] 1.05 |1.09 14.6
o Mg+ H —=''B) 098] 1.01 |1.00 10.4 1.6
a(MN+H —=1C)  0.90] 0,92 |0.94 11.9 n/a
o(*'Ne+ H =''B) 087 0.90 |0.93 12.0 1.7
710 + He —"1C) 0.83] 0.88 [0.90 12.2 n/a
(PO + H ="Be) 0.84] 0.87 [0.01 2.2 <
(B 4+ H —="Be) 081 0.83 (085 12.9 e
a(¥N +H —=1"B) 0.77| 0.79 |0.82 10.3 v
s(N 4+ H —=B)  0.72| 0.74 [0.77 0.6 s
o(*¥8i+ H —=""B)  0.39] 0.63 |0.87 [4.0, 9.5] 2.1
a(PC+H =B 059 0.62 |[0.65 9.0 1.6
a(* Mg+ H —'"B) 058 0.60 |06 fi..
#("'B+ He —'"B)  0.57| 0.58 [0.59 50.0
(B C+ H Y C) 0.54] 0.56 |0.59 8.2 n/a
a(PNe + H —+11C) 0.52| 0.54 |0.56 7.2 v  nfa
a(#¥Mg+ H —11C) 051 0.53 |0.56 5.1, 5.9 n/a
a(*'Ne+ H =B} 0.49| 0.51 [0.52 6.4, 7.1
o(*®8i+H —='C)  0.42| 0.44 |0.45 4.3, 5.0 n/a
(PN +H ="C) 040 0.41 |0.43 5.3 ¢  n/fa
a5+ H =B} 0.27| 0.39 |0.52 (2.8, 5.7
a("Fe + H —=''B)  0.03| 0.35 |0.67 0.4, 11.0] 3.3
a( "N + He —=''B)  0.29| 0.29 |0.30 34, 1.2
a(**Ne+ H ='1'B)  0.27| 0.28 |0.30 [16.0, 18.0] o1
(PO +H -""Be)  0.24] 0.25 [0.26 5.9 Ve
o(PC + He —+'C) 0.24| 0.25 |0.25 3.7 n/a
o("Fe +H —+'"B)  0.01| 0.24 |0.47 0.2, 7.8] 1.1
a(12C + He —"Be) 0.22| 0.23 [0.24 5.6

N.B.: ranking robust against transport/source parameters


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.171103
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.211101

5. Ranking XS: error propagation

Correlated uncertainties? Aot <ot Agabe
— measurements from same experimental setup ( ) 3 Z fabcT

TS , tot grabe
— parametrizations induce systematics ab.c
. . Ctot % Uncorr 2
Uncorrelated uncertainties? (ﬂw ) ~ [ Z ( Fabe Ao ab“)
— data from different experimental setups Pt = gabe

* correlated for all fragments of a given projectile ot Jabe—o5o

Looking at the data/parameterizations Aot Agabe 2
s o 3 e () = E ()
* Uncorrelated between different projectile a

b,e


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.171103
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.211101
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.231102

5. Ranking XS: error propagation

(projectile + target) to measure with high priority

30 -
' Impact of new measurements (from left to right) B
25 .
] Error combination on ;4
c ] Agfghinmeas. & [15%, 25%]
2 o] Corr. (all)
% ' Uncorr. frag + corr. proj (all)
> - Desired precision Uncorr. (all)
] |
S |
i |I
= 101 —
< |
' |
51 | I
:l HEEEEEEEE IIIITIIII-IIII""-&-IIIIIIIIL_I_I_H lllllllllllllllllllllllll
- e . L S .
D I I I I I I I ! I I ! I I I I I I
= I I = = @ @ I - I Ir I I @ - @ I @
&« + ¥ *+ T I ¥ ¥ ¥ ¥ ¥ F I ¥ I T T
- U o m + + =z =z U o o 7 * v+ o +
S 8~ 8 o4 U O n o+ m 5 Z 5 O L =z =z Z
O — — g o —~ —~ — L = e : \ - - L-
~ ™ - ~l =l —~

— Ordering insensitive on error assumption
— Calculated for Li, Be, B, N, and C

New measurements at NA61 soon!


http://adsabs.harvard.edu/abs/2017PhRvL.119x1101G
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.021101
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5. Ranking of cross sections (XS)

6. Conclusions




6. Conclusions

USINE code
* C++/ROQT + gitlab + tests + documentation
* Semi-analytical models (LBM, 1D/2D 2-zones) + dbar, pbar, 'H to "°Zn
* Input ASCII files (CR data, XS, ...) + pop-up plots

Ranking of cross sections
* Extend to other elements/isotopes (Li,Be,B,C,N in Génolini et al.)
* Advertise in nuclear/particle physics communities for measurements
— forthcoming runs with NA61 (lead by M. Unger)

In progress... analysis of AMS-02 fluxes and (Li,Be,B)/C data
* Account for systematics in data (correlation or nuisance?)

* Realistically account for XS uncertainties
Gk

.y Can we really test/disprove models from data?
: CRDB
s https://lpsc.in2p3.fr/crdb/
2 o AMS-02, DAMPE, CALET; Voyager data to add...

» UHECR data (with H. Dembinski, J. Gonzalez, I. Maris...)
» 7>30 data, phi__ from NMDB back online (this summer)

— will be updated in July

1k

-1k
Jan 14 Jul"14 Jan 15 Jul 15 Jan 16 Jul 16 Jan 17 Jul 17 Jan 18 Jul"18






4. Break in the diffusion coefficient?

Génolini, Serpico et al., PRL 119, 241101 (2017)
Indications for a High-Rigidity Break in the Cosmic-Ray Diffusion Coeflicient

Using cosmic-ray boron to carbon ratio (B/C) data recently released by the Ams-02 experiment, we find
indications (decisive evidence, in Bayesian terms) in favor of a diffusive propagation origin for the broken
power-law spectra found in protons (p) and helium nucler (He). The result is robust with respect to

Test hypotheses

ay I ”I}CH:GM: - I | I;"'l.li‘v.llfl*':-ﬂz -:'2[]I1['r}
L Mot
e Break in source: K(R) = Ky#(R/GV)° 02
o repp R/GVY
* Break in diffusion: K(R) = K/ (R/GV) — =
{1+ (R/Ry)*} = oy
2 008}
— same number of free parameters (K , 6, V) E 0.06
— NO extra parameters: 0.04}
« R, Ad, and s from AMS-02 p and He break L wfobak X
. w/ break - Primary B {1%)
* Correlations accounted for 0.02
= oot
. é: v
Robustness against 7
. . . . —20F
* Energy dependence of inelastic cross sections (o In’E) |

L0 100 1000

* primary B fraction as high as 4.5% of the C Rigidity R [GV]

(would already overshoot antiprotons) N.B.: difference not compelling by eye...

but that what statistics is for!



5. Ranking XS: error propagation

abe

be

Correlated uncertainties? Agbtot \ €O Ao
— measurements from same experimental setup ( _"mt ) 3 Z fabe -
'.i'__'n_'l,;" C}-

— parametrizations induce systematics

. . 5 tot uncorr 2
Uncorrelated uncertainties? (ﬂw ) ~ frec Z ( Fobe ﬂaﬂb“)
— data from different experimental setups Pt = gabe

a. b,

Looking at the data/parameterizations ot \ Mix 2
. . . ﬂw sec '&Jabc
* correlated for all fragments of a given projectile ot ~ f Z Z fabcw ;
* Uncorrelated between different projectile | a be
(projectile + target) to measure with high priority
304
] Impact of new measurements (from left to right) B
25 Error combination on fane
meas. . . o,
S ] Aolotmmes €[15%, 25%] — Ordering insensitive on
‘= 204 Corr. (all) .
5 9] . error assumption
5 Uncorr. frag + corr. proj (all)
D 151 Desired precision Uncorr. (all) .
F, I.' — Calculated for Li, Be,
e |' B, N, and C
3 10 — |
<] ] |I
J | .
5- l |
:...-u----l -------- 1.--.:....".--.&'llll.llllh_-_-_-_- ------------------------- Newmeasurements at
1 - 1 e 4 -
0] . - —_— NA61 soon!

Current


https://indico.cern.ch/event/563277/
http://adsabs.harvard.edu/abs/2018arXiv180304686G

B/C from DocR ™"

UEINE V3.4 (http://lpsc.inipl.fr/usine)
T |I L n ! T I T T T T LI I T

B/C

Pure diffusion model (1D)
- looks great!

- ... but no B and C destruction

1 10 107 10° 10* BUT

Unavoidable B and C destruction

/ — flattening (not power law)

N.B.: pure diffusive regime for
which slope(data)=slope(diffusion)
Is at very high rigidity!

107!

B/C
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