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CRs in the interstellar medium

SNR RXJ1713-3946
42 sigma (200342004 data)

-39d30°

O 1. Tiision
PSF e hgtm | energy losses o
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sconvection
*production, of
secondaries

Gamma rays:

» Trace the whole
Galaxy

» Line of sight ,
integration o

» Only major species
(p, He, e)

| solar modulation o A = 1A R N | CR measurements:
~QQ = > Detailed
information on all
species
»_ Only one location
» Solar modulation

ISS-CREAM Modeling is a must!




Production of high energy y-rays

,@ JJY <> pp ->mn%(2y)+X - production and
.7 . _,@ decay of neutral pions n%and
a__)a\' =T §a ‘-—\_7 Kaons K°
N\

™ v
2

< Inverse Compton Scattering

hv

<> Bremsstrahlung

<> Synchrotron emission
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Low-energy processes and photons in the ISM

<> — Radioactive decay lines (<10
MeV): SNR, spallation reaction

<> — Atomic de-exitation lines (keV)

<> Knock-on electrons (ICS, MeV)

<> Electron stripping and pickup (K-
capture)

<> Inverse Compton Scattering

<> Bremsstrahlung

<> Synchrotron emission (radio-, X-ray)
ICRC ¢ Madison ® July 25,2019:: IVM 4



Original motivation

< Pre-GALPROP (before ~1997)
+ Leaky-box type models: simple, but not physical

F Many different simplifying assumptions — hard to
compare

+ Many models, each with a purpose to reproduce data
of a single instrument

+ No or few attempts to make a self-consistent model

< Two key concepts are forming the basis of GALPROP
I. One Galaxy — a self-consistent modeling:
Various kinds of data, such as direct CR measurements
including primary and secondary nuclei, electrons and positrons,
y-rays, synchrotron radiation, and so forth, are all related to the
same astrophysical components of the Galaxy and, therefore,
have to be modeled self-consistently

II. As realistic as possible:
The goal for GALPROP-based models is to be as realistic as
possible and to make use of all available astronomical and
astrophysical information, nuclear and particle data, with a
minimum of simplifying assumptions
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Components of GALPROP

Propagation, diffusive acceleration, convection, energy losses...
Numerically solves transport equations for all cosmic ray species
(stable + long-lived 1sotopes + pbars + leptons ~90) in 2D or 3D
Derives the propagation parameters corresponding to the
assumed transport phenomenology and source distribution
Time-dependent solutions — Galactic evolution

Detailed gas distribution from HI and CO gas surveys (energy
losses from 10n1zation, bremsstrahlung; secondary production; -
rays from n’-decay, bremsstrahlung)

Interstellar radiation field (inverse Compton losses/y-rays for ¢*)
B-field models

Nuclear & particle production cross sections + the reaction
network (cross section database + LANL nuclear codes +
phenomenological codes)

e e e

& <
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3D gas: HI & H,

Forward folding model
fitting technique

Max-likelihood fitto H I
LAB and the DHT CO
surveys

Re-binned to HEALPix
order 7 (H I) and 8 (CO),
degraded to 2 km/s v-bins

<>

<>

Built iteratively, starting
with 2D disk, adding
warping, central bulge/bar,
flaring (outer Galaxy), and
spiral arms
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The location and shape of the spiral arms are
identical between the H I and CO models, but the

Each spiral arm also has a free normalization
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Velocity distribution of HI and CO (data vs. fit)
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<& Arrows show the features that are absent in the smoothed fit
<& Lines are the spiral arms
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Spatial variati fthe B/IC
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3D interstellar radiation field

<> Monte Carlo radiation
transfer code FRaNKIE

< Two models for the stellar
and dust distributions are
chosen from the literature:

4+ R12 = Robitaille+’2012
4+ F98 = Freudenreich’1998

<> The simulation volume for

the radiation transfer: a box
X, Y==x15 kpc, Z==%3 kpc

< A-grid = 0.0912—-10000 um

Porter+°2017
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Energy density of interstellar radiation field
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< Integrated ISRF energy densities in the Galactic plane

< The ISRF structure will translate into the structure in the inverse Compton
< A comparison with the Fermi-LAT data is not made yet

< Affects spectra of electrons/positrons at HE and diffuse emission
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Diffuse emission skymap

<> Observed Fermi-LAT counts in the
energy range 200 MeV to 100 GeV

<> Predicted counts calculated using
GALPROP reacceleration model
tuned to CR data (+ sources)

<> Residuals (Obs-Pred)/Obs ~ % level,
~10% in some places (details of the
Galactic structure and/or freshly
accelerated CRs)
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PHYSICAL REVIEW C 98, 034611 (2018)

Editors’ Suggestion

Current status and desired precision of the isotopic production cross sections relevant
to astrophysics of cosmic rays: Li, Be, B, C, and N

Yoann Génolini®
Service de Physique Théorique, Université Libre de Bruxelles, Boulevard du Triomphe, CP225, 1050 Brussels, Belgium

David Maurin!
LPSC, Université Grenoble-Alpes, CNRS/IN2P3, 53 avenue des Martyrs, 38026 Grenoble, France

Igor V. Moskalenko?
W. W. Hansen Experimental Physics Laboratory and Kavli Institute for Particle Astrophysics and Cosmology,
Stanford University, Stanford, California 94305, USA

Michael Unger®
Karlsruhe Institute of Technology, Karlsruhe, Germany
<> Provided a motivation for a NA61 proposal
<> New measurements of L1, Be, B, C, N, O were done on CERN
SPS 1n Dec. 2018, using secondary beams from Pb nucle1
fragmentation
<> Momentum 13A GeV/c at different A/Z settings

<> Results are being analyzed
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Examples of Xsections *C+H

GP12 = GALPROQOP, option 12
WEKS98, W03 = Webber et al.

g — GPI12 $ (Ko o 120 T — P12 $ (Ko
254 Flux mmpact: 4 [Koo] : Flux impact: 4 [Koo]
Li 13.57% ‘ [om3) Li 11.87% " [o83)
¢ [RVEY] ¢ [RVEY]
2 g
= }‘ 1 L IR + b [RVE4* |
o1 * | L | < ' |
& &
[ 1 10}
10 *
t : 51 t °
1 Li| ° "Li
101 10" 10! 107 10! 10° 10! 107
E*‘.-’" [GUV,-"U] E*‘.-’" [GUV,-"U]
10— G1 12 ] - o T o
B he — GF1z ¢ [Ka02| “C — "Be (.-FlE *  [Kob2)
Flux impact: - “:Hwﬁ 4 [Koo9] Flus impact: - “.]\5_% 4 :I{nﬂD]
81 Li0.13% mrme Wik $  [DIs3] Li 0.16% === Wi . ony
Be 9.27% ¢ [RVRY] 4| Be2.16% | + [RVEd]
= g o W) — | B148% ——————f——ﬁmﬁ
2 5] e ER—— g -  [Weng]
S =
l' 2- e 8 e
B Be Be
i
10! 10" 10! 107 e 0 1ot 10
Ey i [GeV ] Epjy [GeV/n]
0, ¢ IR — GPI2 - 5] 12y 100 — GP12 ¥ [KoiZ
o= | Flux impact: == WEHSH 4 [KobZ) Flus inpact: T Whes 4 [H"fnl
91 Li 1.38% o et b [Koon| Li 0.16% b [DIs3)
Be 1.43% === W03k ¢ [0Is3) 41 Be 0.16% 10C + [RVE]
0 B 18.07T% 11 booWonje = B 1.87% bW
E B § o [Weos) B3 ;
ke i} + L]
._'.(J-"-- o o s } S —— -----+. ___________________
25 D M B 1 +
-t " 10 -t i 1t

By [GeVin)

ICRC ¢ Madison ¢ July 25,2019:: IVM 14

Ep iy [GeV ]

I 4 TRe —_ GPI12 $  [FaT7)
E M 3 - == WEKS98 4 [Kon2)
a0 Fhoe impact: ;
Li {1.-11*}%2 Tro Wk (Kool
Be 15.88% ¥Ry
= b [RVE4)
=, 20 b [RVSP
S * |nn7ﬁ|k watd?
&
7B e bW
10 ettt A A Mt
R __T,_,.-r' 1 -
1! 10" 10! 10
Eﬂ',.fn [GUV,-"U]
12y g — CP12 $  [FoT7|
Fle impact: - “_m:"s 4 [Kon2|
301 Li 0.64% T W Koo
Be (.64% T Wl ¢ [0s3]
B 7.41% to Wl

o [mh)

[Weas] *

10 1
10! 100 10
E*‘.-’" [GUV,-"U]
809 120 1 — P12 & [Hob2)
Flize impact: == WKB58 4 [Kon|
Li 1.24% & [O0R%] - 120 .
G4, Be 1.28% & [BVa
— B 16.19% 11 * WO
E C [Wietis] Table 2
e A
P &
SR N e
2001 Ll
10-1 100 10!

En [GeV ful



Hel ‘. HelMod:
2 o] l\"y "| The Heliospheric Modulation Model

/] Online Calculator
MOd - (version 3.5.0)

HelMod Forecasting of the
Intensities of Ion Cosmic Rays

M. J. Boschini, S. Della Torre, M. Gervasi, D. Grandi, G. La Vacca,
S. Pensotti, PG. Rancoita, D. Rozza and M. Tacconi
INFN Sezione Milano-Bicocca

N. Masi, L. Quadrani
INFN Sezione Bologna

ICRC ¢ Madison ° July 25, 2019:: IVM 15



GALPROP/HelMod

* Goal #1: reliable local interstellar spectra of all CR
species (>100 MeV/n)

* Goal #2: reliable heliospheric modulation for an
arbitrary epoch in the past

. GALPROP/HeIl\/IOd
Boschini, et al., ApJ 840 (2017) 115 (p, He, p)

© ———Ap) 854(2018) 94 (e”)

e ———Ap)858(2018) 61 (He, C, O)
e ——-—ApJ 2019, in preparation

You are here: Home » Online resources » Forecast Modulator

Website Search

HelMod Long Write Up

« The HelMod Model

« Monte Carlo Integration

= Heliospheric Magnetic Field

« Diffusion tensor

= Current and History of default
parameters

= HelMod Results

+ Published Local Interstellar
Spectra

« Preliminary Local Interstellar
Spectra

+ Diffusion Parameter

HelMod Web
Calculators

= HelMod Online Calculator

+ HelMod Solar Modulator

« HelMod Solar Modulator for
lons (Z>=3)

= HelMod Forecast Modulator

» Stand-Alone Module (offling)

Related Link

* GALPROP

= Wilcox Solar Observatory

« SILSO

= OMNIWeb

« Geomagsphere

s SR-NIEL web calculator

+ SR-NIEL physics handbook
o INFN Milano-Ricoeca

Forecast now available

1 Dec 2007 1605

We mplement the New Forcast
mradulator thal allow to lorcasl the CR
fuxuptot[ .|

Forecast Modulator

Planetary Flux

1 Dec 20017 1605
with the Solar Modulator now it The New Adval
possitile lo compute the luxin a Maodulator for fc
arbitrary pos{...]

| Proton ¥

ﬁﬁw%ﬁ Flux for 2018-12-19 y

@ InBuilt Default LIS o GALPROP Fits File o TXT File

Local Interstellar §

rum (LIS)

Home: News

Bibliography

You are here: Home

Website Search

HelMod Long Write Up

» The Helviod Model

« Monte Carlo Integration

= Heliospheric Magnetic Figld

= Diffusion tensor

« Current and History of default
parameters

= HelMod Results

« Published Local Interstellar
Speclra

» Preliminary Local Interstellar
Spectra

+ Diffusion Paramater

HelMod Web
Calculators

» HelMod Online Calculator

= HelMod Solar Modulator

= HelMod Selar Modulator for
lons (Z>=3)

» HelMod Forecast Modulator

« Stand-Alone Module (offline)

HelMod:

The Heliospheric Modulation Model

Online Calculator
(version 3.5.0)

History and Citation Results Preliminary HelMod 1.5 Who in HelMod AMS0Z MIB

Login

Forecast now available
11 Dec 2017 16:06

lons solar medulator now ...
07 Dec 2047 20:27

Planetary Flux
11 Dec 2007 18:05

W implement the New Forcast
modulator that allow to fercast the CR
fuxup o] ...]

with the Solar Modulator now it
possibile to compute the flux in a
arbitrary pos | ... |

The Mew Advanced Interface For Solar
Modulator for lons allow the User [ .. ]

Propagation of Galactic Cosmic Rays through the Heliosphere
with HelMod

Website latest update on Dec 11, 2017 e B

Welcome to the HelMod Website. In these pages you can find information about the Solar Madulation Model for

the prepagation of Galactic Cosmic Rays through the Heliosphere from the Termination shock down to Earth.

As advertised on the GALPROF website, HelMod website can be used &s & & service package fo seamlessly caiculale
the effects of the hefiosphenc modulation for GALFROF output files.

HelMod is a 2D Monte Carlo mode! to simulate the salar modulation of galactic cosmie rays. The model is based on the
Parker ransport quation which contains dimusion, convecton, particle drit and energy 1055, Folawing the avalution of
the solar activity in time, we are able to modulate the local interstellar spectra (LI1S) of cosmic ray species, assuming their
isotropy beyond the termination shock, down to the Earth's location inside the hellosphere.

The current HelMod Version is the result frem a continous development since 1998 (Monte-Cario approach to Galaciic
Cosmic Ray propagation In the Hellosphere, Mucl, Phys B-Proc Sup). The latest review on HelMod was published in 2017
{Propagation of Casmic Rays in Hellosphere: the HelMod Model. Adv. Space Res. Avallable online 27 April 2017)

In the present websaite version, a salar madulation calculator is available for Cosmic Rays experiments carried out during
zolar Cycle 23 and 24,

In the 20-HelMod code version 1.0 the standard Parker field without drifts was implemented;
Frem version 1.2 the dependence on the particle drift was added;

From version 1.4 the Parker magnetic field was modified in polar regions.

Example:

A HelMod Parameter |
P, 0.0600 2. 0.3000 |~ °
[ ]
[ ]
Use Default LIS on 2022.10-02 {Oct 2, 2022) to reproduce the following example:
[ ]

Simple instructions:

1. Use the first drop down menu to select the species Galactic Cosmic Rays to be modulated.

2. Use the second drop down menu to select the Experiment dataset (the list of avallable datasets depends from first

step seleclion).

J

Time dependent Parker (1965) equation
2D Monte Carlo, backward in time

Convection, energy loss, full description of
the diffusion tensor (charge sign effect)

http://www.helmod.org



e* and y from Geminga

HAWC — slow diffusion zone
2-zone model

Fine non-uniform grid

Proper motion

Evolution of the slow diffusion zo
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Generalization to the whole MW galaxy

Distribution of the effective diffusion coefficient in 2D and 3D model

Johannesson+'2019
15 - — 15 —
- 4.5
- 4.0
10 — 10 -~ - 4.0
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(o]
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T (@)
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£ o0 L -
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-5 U =51
N
—~10 ~ 10 A
_].5 | ‘]-5 1 1 1 1
~15 —10 =5 0 5 10 15 ~15 —10 =5 0 5 10 15
X [kpc] X [kpc]

<~ Assuming the slow diffusion zone around each CR source, the effective
diffusion coefficient in the plane may vary by a factor of 2-3

<> Produces relatively small effect on CR spectra — diffusion coefficient in
the halo remains unaltered

<~ Effect on the diffuse emission is still being evaluated
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Blectrons, 12 GeV Protons, 12'GeV

Time-
dependent
solutions. |

<

Y (kpc)

< Fractional residuals vs. 7

1
steady state solutions E
™ -1

<> CR source distribution is 0 ; 0 5
not smooth (X,Y,Z)

< e p:12 GeV, 1.6 TeV

< Discretized sources add
to the CR distribution

<> Local sources cause
fluctuations of CR fluxes

<> Delay between the
source-on time and
effect on the
environment (gammas)
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Protons, 1.6*TeV
\06\ .

Time- 1000 ——————— —— 0\\\}\\{0‘. ....... .
- Protons Qf‘/ ]

dependent SR A

solutions. I L7 j

Y (kpc)

<> The local CR proton and wf ~ ]

electron number

2 J,(Ep) MeV em2 571 sr)

l B
1t — 304 MeV  — 12 CGeV — 1.6 TeV <
den5|t|es — i’,o?, GeV  — 116 GeV N
. . 1 s s
< Fluctuations increase 0 200 400 600
with energy Time (M)
$ El fl i Y Electrons =
ectron fluctuations are - Electrons | ) >y T
generally larger W TV TR

<> Mostly positive spikes

<> Sometime the spikes are
negative

<> Fluctuations are mostly
at ~20% level
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< Affect diffuse emission e | = e
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Fermi-LAT
4FGL

5500 sources

0 No association ® Possible association with SNR or PWN = AGN
Ve ry d e n Se l * Pulsar A Globular cluster #* Starburst Galaxy ¢ PWN
° ® Binary + Galaxy o SNR # Nova
* Star-forming region = Unclassified source
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Example Templates — 36 (one energy band)

« These have been processed into predicted counts maps
independently scaled
FixedSources CO 4

DNMn '

DNMp

OOOO--

UNRESOLVED MoonE2 SolarDiskE2 SolarICEZ

GALPROP + Moon + Solar disk + Solar IC + fixed sources + unresolved sources + isotropic
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Inplace of. a conclusion

There is nothing new fo be Oiscovered in
physics now. Al that remains is more and.more
precise measurement

— 2010 Kelvin, 1900

In respect of CR with €« <1071 016 ¢ there
generally remain some vague points, but on the
whole, the picture is clear enough. ..

—0.2. 6Gmzburg, 1999




