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Modeling cosmic-ray propagation
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Modeling cosmic-ray propagation

CR propagation is described by diffusion equations.
We use the GALPROP code to solve them.
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CR propagation models

We explore 5 different setups for CR propagation:
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CR propagation models

We explore 5 different setups for CR propagation:

BASE BASE+va BASE+inj BASE+inj+va BASE-+inj+va-diff.brk

Seosce, spectan Vs _coefliciet

+ Cowvection Y c

R, 2 %, R, R

~5 GV ~ 856V ~300 (¥
de) 0 0 1 0 (dp D 1 1
Y - (Day Vi — D Py _Py.v
& = @) + VDoV = Vi) Dy = o (U= EV- Ve ) - Zu -

Stockholm University and OKC Michael Korsmeier



CR propagation models
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CR propagation models

We explore 5 different setups for CR propagation:

BASE BASE+vs BASE+inj BASE+inj+va BASE+inj+va-diff.brk
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Global fit

I BASE
I BASE + inj + v,
[ BASE +inj + v, — diff. brk.

We Investigate five propagation
setups and perform several
consistency checks

We use MultiNest to sample the
large parameter space of
up to 27 parameters
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Results of the global fits
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Results of the global fits

All 5 propagation setups provide a good fit.
There is no statistically preferred setup.
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Systematic uncertainty: fragmentation cross sections

Example: Fragmentation of 12C to 11B
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[Genolini et al., Phys.Rev.C 98 (2018) 3, 034611]

By, 1, [GeV /n]

Systematic uncertainties in the
fragmentation cross sections are larger
than those in the measured CR spectra!

— See also: Talk by P. De la
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Systematic uncertainty: fragmentation cross sections

Example: Fragmentation of 12C to 11B
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Systematic uncertainties in the We perform a global fit and profile over
fragmentation cross sections are larger nuisance parameters in the most
than those in the measured CR spectra! relevant fragmentation cross sections.

— See also: Talk by P. De la Torre Luque
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Systematic uncertainty: fragmentation cross sections

fit parameter

nuisance parameters
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Cross section nuisance parameters
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Cross section nuisance parameters
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The default cross section
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Cross section nuisance parameters

Uncertainties In the fragmentation cross sections
currently prevent a better understanding of cosmic ray
propagation.
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Correlation in the cosmic-ray data of AMS-02

[Heisig, MK, Winkler; PRR; 2020]
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Parameter constraints

The diffusion coefficient is well
constrained above 10 GV
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Parameter constraints

BASE BASE+inj+va-diff.brk
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The combination of B and Be data allows to constrain g;,
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Conclusions

Precision data requires precision analysis and an
honest treatment of systematic uncertainties

CR nuclei from Li to O are consistent with
the traditional CR diffusion models

There is no clear preference for one CR propagation
model because of uncertainties in the secondary
fragmentation cross sections

Small halo heights of 7, < 3 kpc are excluded

The diffusion coefficient is well constrained
above 10 GeV

Stockholm University and OKC Michael Korsmeier
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Free parameters

TABLE III. Summary of free CR parameters in the five different frameworks adopted to describe CR propagation.

BASE BASE+4+wvs BASE+inj BASE+inj+vsa BASE+inj+wva—diff.brk. prior
Y1 Y1 =72 Y1 =2 free free free (0.0, 2.0]
Y2 free free free free free 2.1, 2.5]
Rinj.0 - - free free free (1, 10] GV
S - - free free free (0.1, 0.7]
Dy free free free free free [1e28, 1€29] cm?s™*
di free free free free o, =20 -1, O]
J free free free free free 0.2, 0.7]
On free free free free free 0.2, 0.7]
Rp.o free free free free - (1, 10] GV
Rp 1 free free free free free [1e5, 5e5] GV
SD.0 free free free free - 0.1, 0.7]
V0, c free free free free free 0, 50] km /s
VA - free - free free 0, 50] km/s
Iso. Ab. '2C free free free free free 3300, 4000]
Iso. Ab. ‘7N free free free free free (200, 500]
Iso. Ab. ‘50 free free free free free (4200, 5000]
O AMS-02 free free free free free 600+30 MV
4par 13 14 16 17 14
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Best fit table

TABLE IV. Fit results. For all 14 fits we report the total x2, the contribution to the x? form each single species, the number of degrees of freedom, and the best-fit
value and 1 o error for each parameter.

BASE BASE(corr) BASE + va BASE + inj BASE + inj +va BASE + inj + va — diff.brk. BASE + inj + va — diff.brk. (corr)
data set BCNO  LiBeBCNO BCNO LiBeBCNO BCNO LiBeBCNO BCNO LiBeBCNO BCNO  LiBeBCNO  BCNO LiBeBCNO BCNO LiBeBCNO
#dof 252 383 252 383 251 382 249 380 248 379 251 382 251 382
x> 72.4 170.0 423.2 593.6 72.8 169.0 67.9 160.7 67.3 158.9 74.2 168.9 415.4 590.2
% 15.9 18.7 148.1 146.9 19.3 17.2 14.8 15.2 19.3 16.5 17.2 20.0 151.5 149.1
X3 14.0 13.7 61.8 63.0 11.3 14.8 12.8 13.8 11.2 12.4 14.8 12.1 62.1 62.2
X2 13.1 15.2 127.8 124.9 12.7 12.7 16.0 16.9 11.7 15.6 13.7 15.4 122.4 122.5
X3e/B - 42.2 - 82.9 - 42.0 - 43.3 - 42.4 - 40.6 - 83.3
Xii/c - 46.5 - 82.5 - 47.5 - 39.1 - 39.2 - 41.2 - 85.3
X3 /0 27.8 30.2 78.4 80.5 28.7 29.5 24.1 26.9 24.0 28.1 25.8 33.4 75.8 82.7
M - - - - - - 21870351 221%55;  208%g5 210705 1.20%07%  1.64%5%; 1151090 1.14157)
oP) 2.35710008  2.36570005  2.347001  2.3607000 2.35310905 2.36170005 2.3687000% 2.3717000s 2.3601000F 2.3781000% 2.3627000%  2.3891000;  2.36570 090 2.37315:013
Rinj,0 [10° MV] - - - - - - 8.8511 15 831799 620t18T 6987210  3.98%182 5.1819-65 2.9310-29 2.6175:%
s - - - - - - 0.481092  0.457005  0.45709%  0.487700%5 0.49079:0%  0.493790%7  0.3970 50 0.494795-99

Do [10°® em?/s]  5.05%73  4.24703  4.08TGE 401703 4627055 4.52%055  3.82%g50  3.73%050  3.65%07F  3.53%07  4.16%0% 434705 3.241075g 3.6010 33

& —0.987087 —0.99710 501 —0.981005  —0.971003 —0.91154r —0.911008  —0.571032 —0.701093 —0.887058 —0.91704% - - - -

B) 0.49100%  0.499700%%  0.48%007  0.477007  0.49810 0% 0.496700%  0.47700%  0.48T00 0471503 047170001 0451002 0.41470052 0471003 0.4310 03

S 0.3157000s  0.34070:037  0.321005  0.293%00%  0.337905  0.331100%%  0.317003  0.33%00;  0.3170:907 0317957 0.30150;  0.27119820  0.317903 0.31119:5%%
Rpo [10° MV]  3.9410-52 4.0570-1%  3.871013 3.8510%s  3.97702L 4251042 4.07702% 4.017)37  3.0279%:  3.3710% - - - -

Rp. [10° MV]  1.80*018

$D.0 0.3810:9°
vo,c [km/s] 3.3412L.76
va [km/s] -
Iso.Ab.C [10°]  3.5970-08
Iso.Ab.N  325.3817.75
Iso.Ab.O [10°]  4.3570-18
oxs = C —0.0819:23
6xs = N —0.081997
dxs — Li -
dxs — Be -
oxs - B —0.06573:954
Axs — C 0.5510:04
Axs = N 1.18%9 0%
Axs — Li -
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Axs —+ B 1.1119:93
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