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Outline

e | —Why the directionality of cosmic rays (GCR) at ISS altitude Is
important.

Il — Say a few words about “local vertical / local horizontal (LVLH)”
orientation of ISS.

[11 — Say a few words about rigidity, vertical cutoff rigidity and
directionally averaged cutoff rigidity.

IV — Computational tools used (very brief). The emphasize of the talk is
on the results and not on ion transport methodology.

V — Simulation results for an ISS point directional flux and dose on Si target.

V1 — Summary and future work.
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Intensities of Selected GCR lons In
Free Space and LEO (1SS)
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| — Factor of 2~3 drop in flux count
Il — 100 % geomagnetic attenuation below 100 MeV
[11 — Z/A distinguishes proton from all other ions

IV — No geomagnetic attenuation above ~100 GeV
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V — Modulated by solar cycle (2009min — 2001 max)
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Local Vertical/Local Horizontal Orientation of ISS

X 1s velocity vector

Spacecraft Orbit

il Ground Track

Planetary Centre

ISS flies in LVLH orientation. Not so for STS or Soyuz
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Point Orientation Within ISS
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e For ISS, the intensity of GCR as
a function of latitude changes, r b
while the orientation of ISS = |
remains LV/LH. - B

051

 For ISS ephemeris , for a point sphere,
we want to track GCR ion intensity as [
a function of direction. This is useful for the = =
analysis of directional (3D) particle telescope data. =+
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* However, we must first compute the directional
rigidity of GCR ions.
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Rigidity and Vertical / Directional Cutoffs

Rigidity: R(E) = (A/Z)V(E%+2m E)

At low energy: R(E) ~VE
At high energy: R(E) ~E

Cutoff (vertical): Cy(r{A,) = (a4Cc0S*\,)/4r 42
Cutoff (directional): Cp(ryf Ay & W)= (a4c0s*A)/(r2[1+(1-cosihsinEsiny,)Y2]?)

For ISS flying in LVLH, we take advantage of angles & and v
(zenith and azimuth angles) to study the directional intensity of
GCR as ISS geographical latitude changes. That is how a
directional particle telescope (3D) sees incoming ions.
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Proton Directional Rigidity for ISS Orbit (400 km, 2005 Epoch)
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1SS Umbral Shadow
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Earth umbral Shadow is independent of spacecraft latitude
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ISS Transmission Coefficient for Vertical Cutoff Rigidity
and Directionally Averaged Cutoff Rigidity (2005)

—1Vertical only
—direction ave.
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A Caveat, What Particles are Included

Primary Cosmic Ray
nuclear interaction
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Implemented Directional Point Sphere with 970 Rays
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Implemented Computational Approach (very brief)

e For free space GCR, O’Neill 2010 model (JSC).

« For geomagnetic cutoffs, GEORAD code package (LaRC).
» For particle transport, HZETRN2010 (LaRC).

e For shield model, 1SS-11A (2005) configuration (JSC).
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ISS GCR Proton Directional Flux distribution
for 7 Angles of Incidence (400 km, 2005 epoch)
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CAD Model of ISS 11A Configuration

Lab01 target point (US lab-module)

ISS External view ISS US lab split view
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CAD Model of ISS 11A Configuration
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CAD Model of ISS 11A Configuration
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Thickness Distribution (CDF) of ISS 11A Lab01 Module
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Directional and Omni GCR Dose Rates In
Si for ISS Lab01 Target Point (V&V)

incident GCR anisotropic GCRTID | isotropic GCRTID | measurement | long/lat | altitude
ions direction (Si) (Si)
uUGy/min
(ions: n-Ni) UGy/(sr-min) UGY/mi —— —
1.13E-02 1.41E-01 1.56E-01 95.72/-6.33 | 380.55
ON — o
15N, 90 1.07E-02 1.34E-01
15N, 90 W 1.10E-02 1.39E-01
30N, 90 E 9.17E-03 1.15E-01
30N, 90 W 9.58E-03 1.20E-01
60 N, 90 E 6.88E-03 8.64E-02
60 N, 90 W 7.29E-03 9.16E-02
X X*4n

* For any look angle (15°, 30°, 60°) Dose,, and Doseg are different
 Dose,,, and Doseg increase toward zenith
****Note: Dose Is due to all GCR 1ons (P-Ni1) ****
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Directional and Omni GCR Dose Rates In
Si for ISS Lab01 Target Point (V&V)

incident GCR anisotropic GCRTID | isotropic GCRTID | measurement | long/lat | altitude
ions direction (Si) (Si)
uUGy/min
(ions: n-Ni) UGy/(sr-min) uGy/mi —— —
3.44E-02 4.32E-01 4.68E-01 175.68/-51.74| 391.16
ON ~— -
15N, 90 E 3.35E-02 4.21E-01
15N, 90 W 3.37E-02 4.24E-01
30N, 90 E 3.22E-02 4.04E-01
30N, 90 W 3.25E-02 4.08E-01
60N, 90 E 3.03E-02 3.81E-01
60 N, 90 W 3.07E-02 3.85E-01
X X*47n

 For any look angle (15°, 30°, 60°) Dose,, and Doseg are different
* Dose,,, and Doseg increase toward zenith
****Note: Dose Is due to all GCR 1ons (P-Ni1) ****
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Summary and Future Work

» The talk presented a methodology to study the directionality of GCR ions at
LEO (1SS) as a tool to analyze the measurements by a 3D particle detector.

* For ISS, calculated dose in a Si detector showed that for a given look angle,
Dose,, and Dose; are slightly different.

* Near term future work, V&V of presented methodology vs. Liulin (Si)
TEPC (tissue) and hopefully ISS-RAD are needed (start with Mars RAD).

» Long term future work, V&V of presented methodology vs. a 3D

detector. This will be done with the RBR (ray-by-ray) version of HZETRN.
From biological POV this is very important.
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