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Galactic Cosmic

Ray models

e The Badhwar—QO’Neill

GCR model. o’Neill, P.Mm.

Badhwar—O’Neill 2010 galactic
cosmic ray flux model—
Revised. IEEE Transactions on
Nuclear Science 57 (6), 3148-
3153, 2010.

International standard

ISO/DIS 15390
ISO 15390. Space
environment (natural and

artificial) — galactic cosmic
ray model, 2004.

e SINP-2017 GCR model
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To achieve a satisfactory agreement
between estimations and
measurements, we set the Solar
activity level to zero.

it

\ Estimation for zero Solar activity
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/ activity level.

How Galactic Cosmic Ray models affect the estimation
of radiation exposure in space

« Alankrita Isha Mrigakshi **, Daniel Matthii®, Thomas Berger*, Giinther Reitz?,

Robert F. ‘Wimmer-Schweingruberb

“Based on the BON2010 model, the absorbed
dose ... are estimated to range from 0.14 to 0.38
mGy/d “

0.38 mGy/d -> 15,8 uGy/h
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Liulin-MO data in Mars high elliptic orbit ( )

The particle flux near the
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Mars shadow effect estimation
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Data for the

Martian pericenter
November 1 2016
e

Altitude

Altitude for Perlcentre 2016-11-01 09:24:00

2000 5000

H, km

a00

N/

L
w

08:00

09:00 10:00

Time

11:00

Calculated shade efft-}b(‘?'l. Time Shift= 120 sec

N - Calculated part
of recorded parameter

d
0g 10

P

05 06 07

*® solid
= nadir

= gorisont

08:00

Flux

Points — measured data,
Curves — smoothed values

09:00 10000 1100

Time

Dose rate

Points — measured data,
Curves — smoothed values

7

@
=X
Tt
m
o -®  AB Flux
- & C.D_Fhoe
o L | Smooth_aB
o “ = Smooth_G.0
0800 0900 10000 11200
Time
Dose Rate
d)

30; 40
s

P mkGy/h

20

10

+® AB_dos= rate
[+ * C.0_dose rate
= Smooth_AB
= Smooth_C.D

08:00

10:00

09:00
Time

11:00

Particlef{sm"2 s)

a5

Paricle/(sm*2 s)
28 30 32 34 36 38

P mkGy/h

20

P mkGy/h

20

5.0

4.5

4.0

30

40

30

10

40

30

10

Flux ™-*- corrected by nadir
e

1
‘ -= A5 Fux
N [+ * C.0_Fluox
. = Smooth_AB
op W |7 Smooth C.D
.
ns:uu 09:00 10000 1100
Time
Flu. ... corrected by gorisont
NREA i
R &
. W N - T I AB Flsx
LR . & C.0_Fhox
. . K o ' |= Smooth AE
. Ltw = Smooth_C.D
02:00 0900 1000 1100
Time
Dose Rate correc%ed by solid ungle
g
. +®™ A.E_dozerats
[+ * C.0_doze rate
= Smooth_AB
= Smooth_C.D'
0800 09°00 1000 11200
Time
Dose Rate c.orrﬁg.ted by gorisont
* +® AB_dos=rats
[+ * C.0_dose rate
= Smooth_AB
= Smooth_C.D
08:00 09:00 10:00 11:00

Time

Results of
correction:
flux or
dose rate
divided
by N



Cruise +X
until

EDM

release

Launch

FREND instrument with Liulin-

FREND on TGO MO Credit:
ESA/Roscosmos/FREND/IKI .
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Each pair of the dosimetric telescopes consists of two Si PIN
photodiodes. The distance between the parallel Si PIN
photodiodes is 20.8 mm. Liulin-MO provides data for the dose
rates D, particle fluxes F, LET spectra, radiation quality factor
Q, and dose equivalent rates H in 2 perpendicular directions.



The SPICE system was used to estimate

A  SCIENCE MISSIONS

detectors shadowing by Mars

EUROPEAN SPACE AGENCY '  SCIENCE & TECHNOLOGY O SIGN IN

SPICE :» Missions = ExoMars

Home

Data

Missions
WehzeoCalc
Cosmographia
Training

Planetary Science Archive

= ""

- (
‘ :.:_-.—:: exomars
ﬁﬂfi‘*:ﬁ?‘
.r..".!r- V=,
) “irrﬂ )

This is the web home for SPICE data for ExoMars 2016, For information about the mission operations, go to the ExoMars 2016 Science
Cperations web, Far information about the scientific data, go to the ExoMars 2016 PS4 weh,

EXOMARS 2016 SPICE KERNELS SET

E=4, in collaboration with MAIF and the BepiColombo Instrument Teams, produce a whole set of SPICE kernels for BepiColombo
(event kernels are not produced for ESA missions), Refer to the description of the ExoMars 2016 repository for information about
naring conventions and time coverage for each of the kernels,

The ExaMars 2016 SPICE dataset consists of several SPICE kernels, organised as follows:

https://www.cosmos.esa.int/web/spice/spice-for-exomars-2016



The angles between the detector’s axis
and the direction to Mars during

pericenter crossing on November 1, 2016.
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Flux and dose rate during MCO1 (November 01, 2016 - January 17, 2017)
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Flux and dose rate during MCO2 (February 24, 2017 - March 07, 2017)
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Corrected flux values are
overestimated systematically.

Why? - Our opinion is that this surplus is
caused by albedo flux from Mars

 How to account for the albedo contribution
when we estimate the deep space flux
using orbital data? — Our suggestions Is to
fit curves replacing altitude with altitude

multiplied by the allowance factor when n
value Is calculated
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Correction of flux and dose rate for altitude multiplication by 1.0
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Correction of flux and dose rate for altitude multiplication by 1.5
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2017-02-25

Altitude for Pericentre 2017-02-25 00:13:00
)

22:00

00:00 01:00

Time

Flux TimeShift= -E_F] sec, Koeff_H=2

00:00
Time

Dose Rate
c)

00:00 01:00

Time

Farticlef(sm*2 5) Farticlef(sm*2 5)

Farticlefism®2 s)

4.0 4.5

35

Flux curregt_.ed by nadir

00:00
Time

Flux corrected by gorisont
=

00:00
Time

Flux curre%ged by solid

00:00 01:00

Time

mkGyih

mkGyih

mkGyih

10

10

Dose Rate corrected by nadir
|:|:

00 0000 01:00

Time

Dose Rate currﬁgted by gorisont

00:00
Time

Dose Rate corrected by solid
i)

00 0000 01:00

Time



H, km
1000

Farticlefism®2 s)

mkGyih

5000

200

Correction of flux and dose rate for altitude multiplication by 3.0

2017-02-25

Altitude for Pericentre 2017-02-25 00:13:00
)

Ve

23:00 00:00 0100
Time

Flux TimeShift= -E_F] sec, Koeff_H=3

. Smooth_C.D
2300 0000 0100
Time
Dose Rate
A
2300 0000 0100
Time

Farticlef(sm*2 5) Farticlef(sm*2 5)

Farticlefism®2 s)

4.0

Flux curregt_.ed by nadir

L]
‘00 0000 0100
Time

Flux corrected by gorisont
=

23:00 00:00 0100
Time

Flux curre%ged by solid

23:00 00:00 0100
Time

mkGyih

mkGyih

mkGyih

10

10

10

Dose Rate corrected by nadir
|:|:

00:00 0100
Time

Dose Rate corrected by solid
i)

00:00 0100
Time



How to choose the multiplication factor?
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Dependence of the dispersion value on the fitting
coefficient of the altitude correction for the flux points
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It seems that 2 - 2.5 value for coefficient of altitude
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Dependence of the dispersion value on the fitting
coefficient of the altitude correction for dose rate points
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Estimation of the effective shadow
coefficient for low circular Mars orbit.

Shadow effect
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For a circular orbit at an
altitude of 390 — 430 km
taking into account the
selected correction factor,
the effective height is about
1000 km.

We obtained the parameter
n estimations of 0.88 and
0.82 for flux and dose rate
respectively.

The difference in the
fraction of unshaded flux
for the actual and effective
height gives estimates of the
albedo radiation.



The fluxes and dose rates for deep space
estimated by Liulin-MO date

25
20
. 4 Y pvivn
5. WAt |
S 15
£
i)
[
@ 10
8 o Dose rate A&B
» Dose rate C&D
5

0

€ Date

7

1.4.2016 1.7.2016 30.9.2016 30.12.201 1.4.2017 1.7.2017 30.9.2017 31.12.201 1.4.2018 1.7.2018

B g D!

o <
o

Flux, particles/cm? s
N
o

o Flux A&B
1,5

a Flux C&D
1,0
0,5
0,0

Date

142016 1.7.2016 30.9.2016 30.12.201 1.4.2017 1.7.2017 30.9.2017 31.12.201 1.4.2018 1.7.2018
6 7

The dose rate for deep space.
Values for 2018 divided by a
factor of 0.82

The flux for deep space.
Values for 2018 divided by
a factor of 0.88



Comparison of measured and calculated fluxes and dose rates
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Spectra comparison for
November-December 2016 and May 2018.

Detector B

Detector D

Energy deposition, MeV

Energy deposition, MeV

10000 10000
a ——June 2018 z ——June 2018
1000 —=— May 2018 1000 —=— May 2018
E —s— Feb-March 2017 E —— Feb-March 2017
3 100 3 100
£ - x- Nov-Dec 2016 £ - x- Nov-Dec 2016
~ ~
a )
S 10 S 10
o o
O (&)
K
1 1
01 ‘ ; : 01 ; ‘ ;
0 5 10 15 20 0 5 10 15 20
Energy deposition, MeV Energy deposition, MeV
10000 s 10000
une —— June 2018
—=—May 2018 - May 2018
ey -
= - Feb-March 2017 < —« Feb-March 2017
3 c
o - x- - =
E 1000 Nov-Dec 2016 S - »- Nov-Dec 2016
@ £ 1000
c D
> c
8 :
O
100 ; ; ; ; ; - ‘
0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 - ‘ ‘ ‘ ‘ ‘ ‘ ‘
' ' ' ; ' X ' ' g 0,0 0,2 0.4 0,6 0,8 1,0

1,2 14 1,6




Ratio of counts in energy deposition spectra channels between
November-December 2016 and May 2018
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Short decreasing of fluxes on Mars’

circular orbit
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Conclusion

e Method of flux and dose rate data conversion from
a low circular orbit around Mars to values in
unshadowed Mars space is developed.

e The comparison between the data obtained by this
method and the results of calculations based on the
ISO and SINP-2017 (Kuznetsov) GCR models gives
a satisfactory agreement of the calculated
estimates with the measurements.

e The presence of an additional flux of particles at
low altitudes near Mars, which is interpreted as
albedo radiation, is noted. The preliminary
assessment of albedo particles flux is about 10%.



Thank you for your attention!



Shielding function for point located between the detectors "Liulin-MQO"
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Dose and particle spectra beyond shielding

D =j(p(E)‘3j—'i(E)dE

Where: o(E)- particles spectra in
the point of interest;

=

7 L .
— (E)- particle energy losses

“* (the stopping power S)
The stopping power S is adequately
described by the Bethe-Bloch formula.

The range of the ion is evaluated from the
stopping power as:

R(E) — fE dE’
‘ o S(E")

The simplest way to evaluate
particles spectra beyond
shielding — to calculate them with
R(E) relation.

But it isn’t take into account
nuclear collisions.

NASA has developed a
Boltzmann equation
approach for

HZE nuclei transport that
treat the atomic and
nuclear collisions
denoted as the HZETRN
code

https://oltaris.larc.nasa.gov/pro



Calculations with Badhwar—O’Neill Galactic cosmic ray model
were made by Nikolay Kuznetsov from Moscow state university
using OLTARIS tool.

Acta Astronautica S
v Volume 68, Issues 7-8, April-May 2011, Pages 1086-1097 OLTARIS
LSEVI On-Line Tool for

the Assessment of
Radiation In Space

OLTARIS: On-line tool for the assessment of radiation The OLTARIS tool

in space
P was used also for
Robert C. Singleterry Jr. 8 Steve R. Blattnig 8 Martha 5. Clowdsley 8, Garry D. Qualls & Chnis A.

Sandridge 2, Lisa C. Simonsen 2 Tony C. Slaba 2, Steven A. Walker P, Francis F. Badavi ¢, Jan L. flux and dose
Spangler 2, Aric R. Aumann € E. Neal Zapp , Robert D. Rutledge f, Kerry T. Lee {, Ryan B. Norman Calculatlon Wlth

Show more NASA HZETRN
https://doi.org/10.1016/].actaastro.2010.09.022 Get nghts and content pal’tIC|e transport
code

W=y

8 John W. Norbury 88 =



Particle/(sm”~2 * day * MeV/nucl)

Calculation Fe-56 spectra beyond shielding

Calculation Fe-56 spectra with

Calculation Fe-56 spectra with
R(E) relation
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Particle/(sm”2 * day * MeV/nucl)

Particle/(sm”2 * day * MeV/nucl)

Calculation proton and He-4 spectra beyond shielding

Calculation with R(E) relation Calculation with NASA Oltaris site
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Comparison of R-E approximation and Oltaris results
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The Badhwar—O’Neill Galactic cosmic ray model brief description

jir,E)y  jolrg, E+ Zeg)

5

E>—m?> (E+ Zed)> — m?

Where: |, is the local interstellar spectrum
¢ - the deceleration potential

j1 = joB°(E + Ey) 7,

where E and E, are, respectively, the particle kinetic and rest energy
and/or nucleon, and §; y, and j, are the fitting parameters for each

Charmo ArNniinN

) _l -'"31?( 1)
(’f’“’”__%ﬁ <

where ry is the radial extent of the heliosphere, K is
the diffusion coefficient, and V,, is the solar wind
velocity.




ISO 15390 galactic cosmic ray model brief description
GCR particle rigidity spectra @. (R,t) (s.m2.sr.GV)1 for particles of rigidity R
at moment t are calculated as
cxps | R
X
R |R+R(R1)]

A; (R,1)
Di(R,t)= |

RofW [t —At(n,R,t)]}=0.37 + 3x 10 x W *[t - At(n,R, )]

whereA,(R,t) is a dimensionless parameter calculated as

551l e
A; (R,t) = 5.5+1-13|Zi| M(W’n)x RO(R,t) EXDK— RO(R,t))

The lag, AT( n,R ,t) , of GCR flux variations relative to solar activity variations

AT(R,n,t)=0.5[T, + T_(R)]+0.5[T. — T (R)]x #(W)



SINP-2017 galactic cosmic ray model brief description

The formula for calculating the particle flux F(z)(E,t) for any time t
and over the entire range of energy E can be represented as

FNE1)= A9 *E7*@O(E 1)

Z) i i i
where P (E.1) is a function depending on energy E as well as
time t. We will call ¥9(E f) the "deceleration function".
37 where £7(t)is a deceleration
7(z) _ E - -
YUENE, t)= ( R potential (in MeV/nucleon)
E+elr), depending on time t.

Nt r)= )+ K9 ) Wt — At)= g + K9 (1—7/120)- W (¢t — Ar)

N.V. Kuznetsov, H. Popova, M.I. Panasyuk. Galactic Cosmic Ray Flux Prediction
for Furure Space Missions. — Bulletin of the Russian Academy of Sciences:
Physics, 2017, v.81, No 2, pp.199-202. (in Russian)
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