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ABSTRACT

In order to be able to pave the way for future fumanned missions, proper studies for
the radiation environment of the Moon and its infjmachumans are necessary. For this
reason, the Lunar Reconnaissance Orbiter (LRO)espait is scheduled to be launched
in April 2009. It will carry several instrumentstivarious objectives, one of which is
the Cosmic Ray Telescope for the Effects of Raalasti CRaTER) detector, which will
characterize the lunar radiation environment amthippacts on human tissue by
measuring the radiation Linear Energy Transfer (LEBETA-150 Tissue Equivalent
Plastic. To properly support CRaTER’s mission, ateaknowledge of the detector’s
response to the lunar radiation environment is sgany. The goal of this dissertation is
to characterize CRaTER'’s response to ground baddutations, Galactic Cosmic Rays
(GCRs), and Solar Particle Events (SPEs) by bugldihinear Energy Transfer (LET)
database using three-dimensional Monte Carlo methidus is the first database
suitable for supporting CRaTER’s mission, by comrmgawhat will be measured in

space with Monte Carlo codes based models.



1. INTRODUCTION

In order to fulfill the President’s vision for sgmexploration and return to the moon by
2018, NASA has formulated a series of robotic noissito pave the way for the
eventual permanent human presence on the moon.

The Lunar Reconnaissance Orbiter (LRO), first im ¢bries of NASA’s Lunar

Precursor Robotic Program (LPRP), is to be launahégril 2009.

One of the instruments LRO will carry is the CosiiRety Telescope for the Effects of

Radiation (CRaTER), which will characterize thedunadiation environment and its
impact of humans by directly measuring the Lineaerfgy Transfer (LET) in A-150
Tissue Equivalent Plastic.

In order to be able to better understand the LEEpaase of CRaTER, it is necessary to
first have a “picture” of the detector’s respornsgpecially since CRaTER will be
exposed to a mixture of charged patrticles thatimaig from various sources, and have
various energies and therefore various LETSs.

This dissertation serves as an analysis of thectiegte response that will help guide the
CRaTER science team to be able to have a refedatabase. In addition, once
measurements are obtained, it will be necessarglidate prediction models used in

most three dimensional Monte Carlo codes.



1.1. Justification and Originality

Unlike Earth, the moon has neither an atmosphera geomagnetic field that could be
used to shield astronauts and spacecraft electconmiponents from the harsh space
radiation environment, which includes very enexggtlactic cosmic rays (GCRs) that
are able to limit an astronaut’s effective caraead in the case of solar particle events
(SPEs), be lethal. For that reason, a better ang aaxcurate understanding of the lunar
radiation environment is required.

Currently, a number of satellites provide energgcs@ for the various elements that
constitute the cosmic ray spectrum.

The Advanced Composition Explorer (ACE) has therfliofRay Isotope Spectrometer
(CRIS) onboard, which provides energy spectraliements between Lithium and Zinc
between 50 and 500 MeV/nucleon.

The High Energy Astrophysics Observatory-3 (HEAQ¥®asures energy spectra for
elements between Boron and Nickel for the highgnesnge between 500 and 35000
MeV/nucleon among other detectors that provide tspéar protons and helium for

various energy ranges. A summary of the exististriments is listed in table 1.



Table 1.Summary of Existing Instruments [1]

Data Source Elements Energy Range Time Period

ACE 3<Z <30 ~50-500 MeV /nuc 1997—present

CRIS Expt

HEAQO-3 h< Z <28 ~800-35000 MeV /nuc 1979 1981

Danish-French Expt

IMP-8 H, He ~100-300 MeV /nuc 1973-2004

GSFC Expt

STS-091 H, He ~200-20000 MeV /nuc 1998

AMS Expt

balloons H, He ~200-50000 MeV /nuc 1993-—present

BESS Expt (multiple
flights)

Indirect Measurements

Data Source Elements Energy Range Time Period

Neutron Monitors total
e.g. Climax

1951 present
>3 GV
=2000 MeV /nuc (p)

However, none of the existing instruments are abtirectly quantify the most
biologically important element of space explorattesearch, which is to determine
whether man can be safely sent into deep space.

A valuable quantity that can be used to examinejtlestion of the biological risk for a
manned mission is the measured Linear Energy TeaQSET) of charged particles in
the deep space environment.

For this purpose a collaboration involving resbasersonnel from Boston University,
Massachusetts Institute of Technology, The Uniteis Tennessee, The Aerospace
Corporation, Air Force Research Laboratory, and\thBonal Space Weather
Prediction Center successfully developed a senysters called the Cosmic Ray

Telescope for the Effects of Radiation (CRaTER).



In the early design stage, the University of Teseesvas involved in determining the
best geometrical configuration of the detector algwalating LET of various elements
that one could encounter in the lunar environment.

The objectives of the CRaTER detector on the LiRegonnaissance Orbiter (LRO)
are “to characterize the lunar radiation environha its biological impact on
humans as well as to investigate shielding capegsiland validation of other deep-
space radiation mitigation strategies involving enials.”

CRaTER will directly measure linear energy trangkfT) spectra, thereby providing
a direct link between the ambient environment asidiological impact on future
human missions to the Moon.

In addition, the LET data could be used for benatkimg existing cross section models
used in particle transport codes since most oé#igting cross section databases are

calculated and the uncertainties associated wélt#ficulations are quite large.

1.2. Goal of Dissertation

The goal of this work is to predict and analyze TRR's response in advance to
various scenarios, which is done for the first time
The new and innovative features of this work are:
1. A benchmark study of HETC-HEDS against proton catibns performed at
the Massachusetts General Hospital (MGH) ProtondheCenter and heavy
ion calibrations performed at the Brookhaven Natldraboratory (BNL) to

validate the code.



2. A complete database is developed for all releva@R@lements with their
corresponding energies by the use of Monte Carlinoaks to characterize
CRaTER’s response for 2009, which is the time CRRAWHI be orbiting the
Moon. This database will serve as a predictiorhefdxpected GCR
environment during the LRO/CRaTER mission to be parad and validated
with the measured CRaTER data

3. Simulations of various large historical solar paetievents to evaluate
CRaTER’s response to similar events. The eventthase of the September,
October, and November of 1989, October 2003 (Hadkwy event, and a

prediction for a worst case scenario for the y&#9o2
1.3. Outline of dissertation

Chapters | has been an introduction to the prolalechexisting databases. Chapter I
serves as a review of the lunar radiation enviramtraad space radiation interaction
processes. Chapter Ill describes the Lunar Recssaace Orbiter (LRO) mission in
general, and describes the CRaTER detector inldétapter IV describes the Monte
Carlo code used in this work, HETC-HEDS; the metiogy used to obtain the results
for the benchmark study; calculation of the LET&pefor the GCR elements;
calculation of the LET spectra of the solar pagtievents (SPEs); and finally discusses
the results obtained. Chapter V discusses the gsiocls, and suggestions for future

work.



2. LUNAR RADIATION ENVIRONMENT

The Lunar surface is under constant bombardmenradigtions that include a variety

of charged particles as well as photons and nesitnatih energy range that extends to

GeVs as depicted in figure 1 [2].

RADIATION ENVIRONMENT AT LUNAR SURFACE

PROTON
PRIMARIES RADON o SOLAR X - RAY'S
hy! /SCATTERED ) | FLOURESCENT
1 Sarﬂ DAUGHTER x-uv\ (' X=RAY
\ A\ )
c}r MNa, Ma, Al, I{I'al \ ll:-i' ﬂ"lp v
Sip Ky Ca, M | A {" RADOM DAUGHTER PRODUCT
i ( "PAINT"
Fe, ===(U, Th) IO_I NEUTRONS ]DIFFUSJDN
- 107" | CHARGED
PARTICLES | J
I m‘: \\  NATURAL RADIOACTIVITY
Z 101 | ["WESON, AYPERON, & ANTIPARTICLE PRODUCTION |
a qu' 1
o aa CHARGE EXCHANGE
e ANIHILATION]  |.. 6ek ON" PROCESSES
+ .I_ ]
INELASTIC SCATTERING DE-EXCITATION
SPALLATION GAMMA B PARTICLE EMISSION

i ]

Figure 1. The Lunar Surface Radiation Environment [2]

This environment limits an astronaut’s career siheeradiation exposure limits make

it impossible for an astronaut to spend extendege of time on the lunar surface

without proper shielding [3].

NASA has developed Permissible Exposure Limits (®Ebar 30 day, annual, and

career exposures as listed in table 2 [4].



Table 2. Dose Limits for Short-Term and Career for Vari@ugans [4]

Organ 30 day limit 1 Year Limit Career
Lens* 1000 mGy-Eq | 2000 mGy-Eq 4000 mGy-Eq
SKkin 1500 3000 4000
BFO 250 500 Not applicable
Heart™* 250 500 1000
CNS*F* 500 1000 1500
CNS™=% (Z=10) - 100 mGy 250 mGy

*Lens hnts are intended vo prevent early (< 3 vr) severe cataracts (e g., from a solar particle event). An additional cataract risk
exists at lower doses from cosouic rays for sub-clinical cataracts, which may progress to severe types after loag latency (> 5 v1)
and are not preventable by existing nutigation measuges: however, they are deemed an acceptable 115k to the program

**Heart doses caleulated as average over heart muscle and adjacent aneries.

***CNS linurts should be calculated at the hippocampus.

The main sources of radiations on the lunar suré@edhe galactic cosmic rays (GCRS)
that originate from deep space and include elemgnte Uranium, and solar energetic
particles (SEPs) that originate from solar partelents (SPEs) mainly associated with

coronal mass ejections (CMES).

2.1. Galactic Cosmic Rays

The origin of galactic cosmic rays is unknown, ibig speculated that they originate
from supernovas. Because the particles come frasideuthe galaxy, particle fluxes
outside Earth's magnetosphere are isotropic oeeerthire energy range. The GCR flux
is composed of approximately 85 % H, 14 % He, a@tllieavier ions, and for the

heavy ion portion, only elements up to Iron areaicern because the fluence for



elements with charge Z>26 drops significantly ia @CR spectrum. Figure 2 shows
the flux of the galactic cosmic ray spectrum asrecfion of charge (Z) as measured by
the various existing detectors. It can be notetfthrgoarticles heavier than Iron, the

flux drops significantly making the heavier elengaot insignificant concern.

HLELELELELEL AL BLELEL AL L ELE B LA L B L
I A C
102' s A — 3]
mm [MFP-8
mm AMS
= BESS
mm Climax NM
H
) -
(U Ilu
O
O - @
o |
% 2 l'
a 10 “F! Cco -
< | o
0 I Ndas;
2 o0 F
: et it B .
— VAVaYY CaT ~. |
% 10_4- l.-'."..Ar;T'Cr;ﬂ -
I|I ."III . ~ %% I| NI
o0 © l'l.’
I,-'Ill
o
1070t | .
[
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
10 20 30

Atomic Number, Z

Figure 2. GCR Fluence as a Function of Charge (Z) [1]



One of the problems associated with Galactic Co$aigs is their dosimetry. Because
very limited data exists on the damage they caseaate biological impacts on
humans are relatively unknown. Heavier particlesganerally more harmful because
they have a higher Linear Energy Transfer (LEThtheotons. Figure 3 shows the
relative dose for each of the galactic cosmic mactrum components along with their

intensities [3].
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Figure 3. Relative Dose and Relative Intensities for
the Galactic Cosmic Ray Spectrum [3] <

The flux of particles in the GCR spectrum is deg®t on the solar activity. The flux
is highest during solar minimum, and lowest dusotar maximum. This is due to the
deflection of low energy ions by magnetic fields@sgated with solar wind plasma,

which is strong during solar maximums periods.

Figure 4 compares the energies as a function »ffluthe 1977 solar minimum and

the 1959 solar maximum for major elements in figace [3].
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Over the 11 year solar cycle, the GCR environmanes by approximately a factor of
2. Figure 5 depicts such variations for variousneats between the 1977 solar

minimum and the 1990 solar maximum [5].
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2.2. Solar Energetic Particles

Periodically, the sun is seen to eject signifiambunts of protons, alpha particles, and
a few heavier elements. Such events are called gattcle events and could last on
the order of days and sometimes even weeks. Aguptdithe National Space Weather
Prediction Center, an SPE is declared in progréssvhe rate of protons with energies
greater than or equal to 10 MeV exceeds 10 pasfimé-sec-ster for more than fifteen
minutes [6]. Also, an energetic SPE is declaredngeaticles with energies greater
than or equal to 100 MeV exceed 1 particlélsmc-ster [7].

The main constituents of their spectra are protahs;ch have an energy range that
extends to the order of TeVs. In the past, sevargé events were observed during
which, if an astronaut had been on surface of themshielded by only a space suit,

the dose could have been lethal [3]. Figure 6 caagptne integral proton fluences for

several large SPEs.
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1.E+07 +—
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1.E+01

1 10 100 10000

Energy (MeV)

Figure 6. SPE Integral Spectrum versus Energy for Sevenagjd §PEs [8]
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2.3. Space Radiation Interaction

The energetic particles in space consist maintofic constituents covering a very

broad energy spectrum and flux values as showgume 7 [3].

Solar wind protons
1013 -
Auroral ¢lectrons
1010 Trapped electrons

Trapped protons
{outer zone)

Trapped protons
(inner zone)

Solar storm protons

100 = Solar flare protons

Flux density, particles/cm? - sec
2
]

Galactic cosmic rays
105 L 1 1 I 1 1 1 I

104 10-2 T 102 104
Particle energy, MeV

Figure 7. Space Radiation Environment [3]

The structure of the electron clouds contains Oy % of the mass but occupies most
of the space within the material. Embedded withese electron clouds are the atomic
nuclei whose dimensions are™limes smaller than the complete atom but contain
99.95 percent of the mass of the atom. Clearlyrergetic particle passing through
such material will mainly interact with the elecatsoin the cloud and seldom strike a
nucleus.

The two dominant means of energy loss for chargetigtes is through excitation and

ionization. That is, a collision between an incogparticle and the orbital electrons,

13



which results in a small amount of energy transiad causes the electron to either
jump to a higher orbit in the case of excitationbe completely ejected from the atom

in the case of ionization. However, the occasiama&raction with the nucleus is still of
importance because of the large amount of eneagpgfierred in the process that will
cause new energetic particles to be produced. 8lgw@rcesses can cause generation of
secondary particles including direct knockout oflear constituents, resonant
excitation followed by particle emissions, and aeim¢ effects with the nucleus. Such
events are dependent on energy, particle typemetdrial composition [3].

2.4. Measures of Exposure

The amount of energy deposited in material is esq@e in units of joules per kilogram,
which is also known as Gray [4]. This unit reprasehe quantity of radiation dose, D,
which is defined as the mean energy imparted (&lesmper unit mass de/dm.

dE
D = —
am 1)

Where

dE is the mean energy imparted in the material

dm is the mass of the material absorbing the gnerg
The same absorbed dose delivered by different tgpesdiation may result in different
degrees of biological damage to body tissues. Ota¢ ¢nergy deposited is not the only
factor which determines the extent of the damage. 8quivalent dose, % was
introduced to take into account the dependenckeoharmful biological effects on the

type of radiation being absorbed. The equivalestds therefore a measure of the risk
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associated with an exposure to ionizing radiatiRisks due to exposures to different
radiation types can be directly compared whennmseof equivalent dose [4].
The unit of equivalent dose is the sieve®y) @nd is defined for a given type of

radiation by the relationship:
HT,R = WR DT,R (2)

The radiation weighting factorgus a dimensionless number which depends on the
way in which the energy of the radiation is disitdd along its path through the tissue.
The rate of deposition of energy per unit pathlaragong the track is known as the
Linear Energy Transfer (LET) of the radiation aras lunits of KeV/u measured in
water.

Radiation with a high LET (such as heavy chargdsaomic particles) is more likely
than radiation with a low LET (such as x-rays orabgarticles) to damage the small
structures in tissue such as DNA molecules. Thietause the higher energy from
high LET radiation is absorbed in a small volumeaunding the trail of dense
ionization produced by this radiation. The radiatweeighting factor is directly related
to the LET of the radiation as is shown in figurél'8e radiation weighting factors are
used to correct for differences in the biologicahdge to tissue caused by chronic
exposure to different radiations [4]. The radiati@ighting factors for various

radiations are shown in table 3.
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Table 3.Radiation Weighting Factors [4]

R.adiation
Type Energy range welghting
factor, wy
Photons all 1
Electrons/muons all 1
Neutrona < 10 keV 5
10 keV to 100 keV 10
100 kel to 2 MeV 20
2 MV to 20 MV 10
> 20 MeV )
Protons
(not recoil protona) > 2 MeV 3
Alpha. particles all 20
Fission fragments all 20

Heavy muclel all 20



When radiation consists of components with diffeseg then the equivalent doser,H

is given by summing all contributions:
HT = ZWRDT,R (3)

Where

Wr is the radiation weighting factor

Dt ris the dose deposited into particular tissue byiqdar radiation type R
Since different tissues of the body respond difféyeto radiation, the probability for
stochastic effects that results from a given edaitadose will generally depend upon
the particular tissue or organ irradiated. To tsleh differences into account, the
effective dose E is introduced [4], which represéhe risk for all stochastic effects for
an irradiated individual, and is defined as the siiitine weighted equivalent doses

over all tissues:
E=) wH; (4)

Where

wr is the tissue weighting factor

Ht is the equivalent dose deposited in a particisaue
NASA imposes short-term and career dose limitsctwhiave distinct purposes. Short-
term limits are intended to prevent the occurresfcany clinically significant health
risk, and career limits are intended to limit thereased risk of cancer induction and

mortality to an acceptable level.
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Early radiation effects are deterministic in natanel occur only above dose thresholds,
usually after a significant fraction of cell logstissues. Recent studies suggests that
cataract risks from space radiation are linear W@R dose [9], with no apparent
threshold, and caused by genetic damage leadialgeimant cellular differentiation of
lens epithelial cells [10, 11].

Late effects, such as cancer, are stochastic uranand some level of risk is incurred
even at low doses. Currently, NASA uses the RisExgfosure Induced Death (REID)
guantity as basis for dose limits. Table 4 showspda career effective dose limits for
the future lunar missions using the REID critefia & % limit [12]. Also shown are
calculations of the average life-loss expectedddmacer fatality would occur that are

estimated from human data for low LET radiationesyre.
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Table 4.Sample Career Dose Limits corresponding to a RiIB% [12]

Ageyr Career effective dose limits in unifs of Sievert
(mSv) for I-year missions {4ve Life Loss).
Males Females
23 520 (15.7) 370(13.9)
30 620 (15.4) §70(15.7)
33 720 (15.0) 530(15.3)
40 800 (14.2) 620 (14.7)
45 950 (13.9) 750 (14.0)
50 1150 (12.3) 920(15.2)
55| uns) 1120(12)
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3. THE LRO MISSION

In order to pave the way for a permanent stay emibon and be able to travel to Mars
and beyond, NASA'’s Vision for Space Explorationuieed in developing the Lunar
Reconnaissance Orbiter (LRO) spacecraft that &ithycseveral exploratory
instruments to ease a near future return to thennag.

Scheduled to be launched by April 24, 2009 on dasA¥401 rocket, transfer to the
Moon will take approximately four days where LRQAlWe placed at a 50 km altitude
to orbit the moon for a 1-year mission after whactransition to a science phase will
take place.

The scientific phase will include extracting proses data sets to help better
understanding the lunar environment allowing aneeasd safer human return to the
Moon and for future human exploration of the sslgstem.

The data sets will be deposited into the PlandData System (PDS), which will be
accessible to the public, six months after the detigm of the primary mission.
These data sets will include invaluable informafiensupporting the extension of
human presence in the solar system that will ragptify sites with favorable terrain,
environment, as well as data such as day-nighteeatyore maps, and the moon’s UV

albedo. The CRaTER Data Level definitions are distetable 5.
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Table 5. CRaTER Data Level Definitions [13]

Data Level Description
Unprocessed instrument data (pulse height at each detector, plus
Level 0 ; :
secondary science) and housekeeping data.
Depacketed science data, at 1-s resolution. Ancillary data pulled in
Level 1 : AR 2
(spacecraft attitude, calibration files, etc.)
Lavel D Pulse heights converted into energy deposited in each detector.
Calculation of Si LET
el 3 Data organized by particle environment (GCR, foreshock,
magnetotail). SEP-associated events identified and extracted.
i Calculation of incident energies from modeling/calibration curves and
TEP LET spectra

As shown in figure 9, LRO will carry the followirigstruments:

LAMP

LOLA

LROC

NAC (2) LEND

Mini-RF
ANTENNA

Diviner

Figure 9. The Lunar Reconnaissance Orbiter (LRO) Concegt [13
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3.1. Cosmic Ray Telescope for the Effects of Radia{CRaTER)

The Cosmic Ray Telescope for the Effects of RanliafCRaTER) will characterize the
lunar radiation environment and determine its piébiological impacts as well as

test models of radiation effects and shielding.

Diviner Lunar Radiometer Experiment

The Diviner Lunar Radiometer (DLRE) will providebatal thermal mapping at 500
meters scale measurements, giving detailed infeomabout surface and subsurface
temperatures (identifying cold traps and potent¢@ldeposits), as well as rock

abundances and hazards and ice stability

Lyman Alpha Mapping Project
The Lyman Alpha Mapping Project (LAMP) will map tkatire lunar surface in the far
ultraviolet. LAMP will search for surface ice anw$t in the polar regions and provide

images of permanently shadowed regions illuminatdg by starlight.

Lunar Exploration Neutron Detector

The Lunar Exploration Neutron Detector (LEND) wafieate high resolution hydrogen
distribution maps in the upper 1 m of the Moon taislO0 Km scales, and provide
information about the lunar radiation environméfiEND can be used to search for
evidence of water ice on the Moon's surface, afidwavide space radiation

environment measurements useful for future humaioeation.

Lunar Orbiter Laser Altimeter

The Lunar Orbiter Laser Altimeter (LOLA) will measulanding site slopes, lunar
22



surface roughness, and generate a high resolublan&p of the Moon. LOLA will also
identify the Moon's permanently illuminated andrpanently shadowed areas by

analyzing lunar surface elevations.

Lunar Reconnaissance Orbiter Camera

The Lunar Reconnaissance Orbiter Camera (LROC)retilieve high resolution black
and white images of the lunar surface, capturingges of the lunar poles with
resolutions down to 1m, and will image the lunarfae in color and ultraviolet. These
images will provide knowledge of polar illuminaticonditions, identify potential

resources hazards, and enable safe landing sitetisel.

Mini-RF

The mini-RF is a technology demonstration of anaaded single aperture radar (SAR)
capable of measurements in X-band and S-band. Rinwill demonstrate new

lightweight SAR, communication technologies andalegpotential water-ice.

CRaTER Detector

In order to achieve the objective of implementirguatained, safe, and affordable
human and robotic program to search for evidendgepfunderstand the history of the
solar system, and prepare for future human exptorats envisioned by the President’s
Space Exploration Policy Directive, the followingt ®f goals have been set by the

CRaTER’s investigation team:
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Develop a novel instrument that is low-cost andpéio measure the Linear

Energy Transfer spectra and its time variatiorhaltinar orbit

Measure the LET spectra of galactic and solar cosayis to model their

impact for a long term presence on the lunar saerfac

Investigate the effect of shielding by measurind'ldpectra behind different

amounts and types of materials

Benchmark model predictions of LET spectra with TRR’s measurements

using available data

The scope of this proposal is to achieve the laat. ghe CRaTER concept is shown in

figure 10.

Theory of Operation
!I . __:--':_;_h_” —— b L

Pairs of thin and
thick Silicon

: detectors

First TEP

Section

e \ A-150 Human tissue
ggﬁ:ﬂ TEFT equivalent plastic

(TEP)

- -n-:—-'kf':\
] Lunar entrance

igure 10. The CRaTER Detector Concept [14]
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3.1.a. CRaTER Technology

The technology associated with developing the CRRiFStrument is based on
existing technology that has long been used by NAS@&xisting instruments that have
been operating flawlessly. The CRaTER instrumenssts of an integrated sensor and

electronics box with simple electronic and mechalnitterfaces to the spacecratft.

The CRaTER sensor front-end design, analog eldcgpand digital processing unit
are based on standard technologies that have leeetoged for other NASA flight

programs. Figure 11 depicts the different companehthe CRaTER assembly.

Top Cover

Analeg Board

Cover, Cable
Connector Access

Telescope Assemibly

Electronics Enclosure

Digital Board

‘f _ : T Boltom Cover

Figure 11.The CRaTER Detector Assembly [13]

The detector stack consists of six silicon detectiivided into three pairs. Each pair

consists of a thin detector (14f) and a thick detector (1mm).
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Solid state detectors use semiconducting crystalSRaTER's case, silicon) with n-
type (electron-rich, electron conducting) and petyglectron-deficient, hole
conducting) sectors.

When a reversed bias voltage is applied at thgpp-$yde, the unbonded electrons in the
semiconductor are pushed away from the voltagecepwhile the holes are pulled
towards it. This leaves a neutral area void of gaand current at the junction of the
sectors, called the depletion region. As incomajation (e.g. protons) collide with
the depletion region, electron-hole pairs are fatimethe material (where a once
bonded electron is freed from its atom, leavingpkeh The electron and the hole
respond to the applied voltage, and a small cuisetrteated. This current can be
detected and later analyzed.

A cold environment greatly reduces the transmissiahermal signals. In addition, the
solid state of the semiconducting material makesgier to detect those signals
attributable to freed electrons. Figure 12 shovesglot of the electronic, nuclear and

total stopping power for protons in silicon as adtion of proton energy [14].
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Figure 12. Stopping Power of Protons in Silicon [14]

Sandwiched between each pair of detectors is ereftA-150 tissue-equivalent
plastic (TEP).

Tissue equivalent plastic (or TEP) is a plasti¢gpedesigned to simulate human tissue.
It includes hydrogen and nitrogen percentages-tmypasition that are similar to that
found in human skin and muscle. Scientists carthesatomic-level effects that
radiation has on the TEP to deduce what sort olairaffects may occur in humans.

It has a density of 1.127 g/érand composition by weight as listed in table 6.
27



Table 6. Atomic composition of A-150 by weight

Atomic Number Fraction by weight
1 0.101327
6 0.775501
7 0.035057
8 0.052316
9 0.017422
20 0.018378

Figure 13 shows the plot of the electronic, nuckeat total stopping power for protons

in A-150 Tissue Equivalent Plastic as a functiopfton energy [14].
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Figure 13. Stopping Power of Protons in A-150 [14]

Starting with the zenith end of the detector stadkich faces out into space, and
working toward the nadir end, which faces the lunaface, there is a silicon detector
pair (D1-D2), then 5.4 cm of A-150 TEP, then anotietector pair (D3-D4), followed
by 2.7 cm of A-150 TEP, and the final detector [§B5-D6).

Figure 14 shows the configuration of the CRaTERder. Table 7 lists the

characteristics of the CRaTER detector.
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CRaTER Telescope Configuration

High LET

detector
54
I
!
27
i
Figure 14.The CRaTER Telescope Configuration [14]
Table 7. Characteristics of The CRaTER Detector [14]
Low LET detectors 9.6 cm”2 circular, 1000 microns thick. 0.2 MeV threshold
High LET detectors 9.6 cm”2 circular, 140 microns thick. 2 MeV threshold
TEP absorber 1 5.4 cm cylinder
TEP absorber 2 2.7 cm cylinder
Zenith FOV 35 degrees, 6-detector coincidence
Nadir FOV 75 degrees, for D3D4D5D6 coincidence
Geometry factor 0.1 cm”2 sr (D1D2 events)
LET range 0.2 - 7 MeV/micron (Si)
Incident particle energy range >20 MeV (H)
P gy rang >87 MeV/nucleon (Fe)
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In principle, the detector operates as follows:

1) An energetic charged particle from space enlterselescope at the top through D1.
The particle deposits energy in the componentsutiiraonization of the detector
components. Nuclear interactions produce numeroesyetic secondary particles,
which also deposit energy.

2) Primary and secondary patrticles interact wita onmore detectors. Thin detectors
respond to high LET particles. Thick detectors oegpto low LET particles.

3) Detectors with sufficient energy deposition srtdse trigger threshold.

4) Digital logic compares coincidences with an @évaask of desirable events.

5) Pulse height analysis (PHA) is conducted onyedetector to measure energy
deposition.

Once the LRO mission begins, LET measurementsaiM &P sections will be obtained

using

E,-E
LET=9E -5 (5)
dx L

Where
Eo and E are the energies of the particles as measureldebsilicon detectors at
either end of each TEP section

L is the length of the TEP material.
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The detectors map as follows:
e Thin detectors (D1, D3, D5) map 0 —300 MeV.
* Thick detectors (D2, D4, D6) map 0 -100 MeV.
There are 4096 channels in the instrument. Thidtes 73.3 keV/bin for thin

(140um) and 24.4 keV/bin for thick (10Q@n) detectors [14].
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4. CHARACTERIZTION OF CRATER

To properly support CRaTER’s mission, knowledgéhefdetector’s response to the
lunar radiation environment is necessary in advaReoethis reason, the research
presented herein is to characterize CRaTER'’s ptelyvabponse to various scenarios.
Three CRaTER models were built, one Engineering d@@M), and two Flight
Models: Flight Model 1 (FM1) that will be launchedo lunar orbit, and Flight Model
2 (FM2), which is a back up instrument. Figure h6v8s the dimensions of all three

models.

EM FMI1

- - D1 Endcap 760* B1280 254
=t = D1 .. 148 148 +10

Wi 'f——DE 088 103{1;{1.'1

D5 148 149 £ 0/0 14810 pm

D6 988 1000 £0/0 99310 pm

D6 Endcap 760* 81026 +254 810.26 pim
* diymigmzion not measumed—based on specification or drowing

Figure 15. Engineering and Flight Models Dimensions [15]
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The EM was used for calibration purposes, and tbéainwas used for comparisons
with ground based experiments.
For the GCR and SPE predictions, the FM1, whichéllaunched into space, was

modeled.
4.1. HETC-HEDS

The High Energy Transport Code for Human Exploraaod Development in Space
(HETC-HEDS) was the Monte Carlo three dimensiowalecused in this work.
HETC-HEDS simulates particle cascades by using BQarlo methods to compute
the trajectories of the primary particle and adl #econdary particles produced in
nuclear collisions [16]. The particles considergdHETC-HEDS (protons, neutrons,
™, 70, W, or W, light ions and heavy ions) can be arbitrarilytrifsited in angle,
energy, and space. Each particle in the cascddéased until it disappears by
escaping from the boundaries of the system, undsrgmuclear collision or
absorption, comes to rest due to energy lossesifrnization and excitation of atomic
electrons in the target medium, or, in the cagg@@is and muons, decays. Neutrons
produced below a specified cutoff, usually 20 Maxd photons produced in the
cascade fromm® decays or from deexcitation are not transportefrination regarding
the neutrons and photons is stored for transpodthgr codes sucdsMORSE [17],
MCNP [18], and EGS [19]. HETC-HEDS provides a coatelhistory file of all

cascades so that analyses of specific problembegerformed.
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The energy losses of protons, light and heavy ionarged pions, and muons due to the
excitation and ionization of target atomic elect@ne treated using the Bethe stopping
power formula [20] based on the continuous slowdogm approximation.

Bethe derived the following expression for the piog power for a charged patrticle:

_dE _ 4/7k§ZZe“n{| 2me? 32 ﬁz} ©)

& mep [a-p)

Where

ko= 8.99x1GN.nm?.C*

Z = effective charge of the heavy particle

e = magnitude of the electron charge

n = number of electrons per unit volume in the med

m = electron rest mass

¢ = speed of light in vacuum

B = vic = speed of the particle relative to ¢

| = mean excitation energy of the medium
The assumption in this work is that the unrestda®pping power (dE/dx) is equal to
LET.. The term unrestricted refers to the amount ofggnkost by particles without
restricting the amount of energy lost to a paracwutoff values.
One could note from equation (6) that LEdepends on two variables, Z agfdlhe
dependence on Z translates into an increase ibBfig value for particles traversing a

medium as the Z of the incident particle increasdsgreas the dependencefon

translates into an increase in the LE&B the speed of the incident particle decreases.
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Note that as the atomic number of the target medineneases, n increases and thus,
LET, also increases.

Range straggling is taken into account. Range-gmatiyes for each material in the
system are computed for protons. These same tatdassed for nuclei with mass
numbers A > 1, and for charged pions and muonsdiing use of scaling relations.
HETC-HEDS currently allows multiple Coulomb scaittgronly for the primary

charged particles.

Pion production is based on the isobar model aihf&mer and Lindenbaum [21].
Only single- and double-pion production in nucldgmhogen collisions and single-
pion production in pion-nucleon collisions are aau®d for. This model is used for
energies up to 3.5 GeV for neutrons and protonsugno 2.5 GeV for charged pions.
Nonelastic nucleon collisions and charged-pionisiolhs with hydrogen nuclei at
energies above 3.5 GeV and 2.5 GeV, respectivedytraated by using the
calculational methods of Ref. [22]. Special proms are made to insure that energy
and nucleons are conserved for each collision.risffare underway, but not yet
completed, to incorporate pion production chanfalgollisions involving light and
heavy ions. Charged-pion decay is taken into adcasing the known pion lifetime.
The neutrino produced in the decay is ignored. Adwdral pion is assumed to decay
into two photons at its point of origin. HETC-HE@Ses not transport neutral pions.
However, the energy, direction, and spatial logatbthe neutral pions produced are

included as part of the output. Muon decay in flightaken into account using the
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known muon lifetime. Muons that come to rest asuased to decay immediately. No
information about the electrons, positrons, or neas produced from muon decay is
calculated.

Elastic collisions of protons and pions with alctei other than hydrogen are neglected
at all energies. Elastic collisions of light andafg ions with target nuclei are treated
using cross sections obtained from an optical plemodel derived from quantum
multiple scattering theory. The angular dependesnobtained using a Fraunhofer
approximation. Details are provided in Ref. [23[p$ic collisions by neutrons with
nuclei other than hydrogen at energies above th&arecutoff energy (usually 20
MeV) is optional, and if the option is chosen, regsi the input of elastic scattering
cross section data{and a/dQ).

The intranuclear-cascade evaporation concept t¢itfgnucleus interaction, as
modeled by Bertini [24], is used to model the mdetinucleus collisions below 3.5 GeV
for nucleons and below 2.5 GeV for charged piolediowing the intranuclear-cascade,
the residual excitation energy is treated using\aporation model [25]. The particles
allowed to evaporate are protons, neutron¥id®He, anda. An extrapolation model
determines the energy, angle, and multiplicityha&f products from inelastic nucleon-
nucleus and pion-nucleus collisions at higher @eer(g-15 GeV) [26]. Heavy ion
interactions are modeled using the new event gearelta this event generator,
nucleus-nucleus collision total cross sectionsbaseed upon an optical potential
approximation of a nucleus-nucleus multiple scatteformalism [27, 28]. Nucleus-
nucleus reaction cross sections are described tlsngarameterization due to Tripathi
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[29]. Breakup of light ions (Z < 2) is divided ;8 pieces, which are (1) deuteron
breakup, (2) alpha fragmentation, and¥3)and®He breakup. Finally, breakup of
heavy ions (Z > 2) is described using the semi-egglifragmentation model

NUCFRG2 developed at NASA Langley Research CeBt@&3[L].
4.2. Comparison with ground-based calibrations

The first part of this research was to perform acdbenarking study of simulations by
comparing them against calibrations performed mows facilities to validate the use
of the HETC-HEDS code and to better understandi#tector’s reponse.

Calibration of CRaTER has been carried out at Mdsssetts General Hospital Proton
Therapy Facility (MGH) using various Proton bearnergmes, and at Brookhaven
National Laboratory (BNL) using various heavy iczains.

Once all beam corrections were implemented into GHEIEDS, the calibration
procedure was mimicked, simulated, and compare exiperiment.

4.2.a. Comparisons with proton beams

Proton beam experiments were carried out at thesbtdsisetts General Hospital
(MGH) Proton Therapy Center. The EM was exposeadtmus proton energies at
various exposure rates. Representative resulenfergies of 115, 117, and 200 MeV

impinging on the zenith side of CRaTER are preskimehe next section.

4.2.a.i. 115 MeV Proton Beam
Results for the 115 MeV proton beam are shownguarés 16 through 21 The results
show energy deposition comparisons of responsed|fsix detectors between
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calibration data and HETC-HEDS simulations. Thexis@ channel number and y-axis
is the number of counts.

Responses of the thin detectors (detectors oree thnd five) are in a fair agreement,
but it was difficult to obtain a better agreemeatd&use those detectors are very thin,
and not much energy is deposited in each.

Detectors two and four (thick detectors) have almhetter agreement especially that
the peaks match. The reason for detector six’sefisncy is because a proton with an
energy of 115 MeV has a range that is equal talioc&ness of the detector. Thus, the
Bragg peak occurs in detector six, and the agreemment expected to be very good.
This is because of the statistical behavior ofiplas where not all particles will stop
exactly in the same place, and therefore will reotehthe same range (Range
Straggling).

4.2.a.ii. 117 MeV Proton Beam

Comparisons for the 117 MeV proton beam are degictdigures 22 through 27. The
comparisons are in a very good agreement for teefive detectors (1 through 5)
where the peaks match almost perfectly. The refgahe discrepancy for detector
SiX’s response is the same reason mentioned fdrithdvieV beam comparison.
4.2.a.iii. 200 MeV Proton Beam

Comparisons for the 200 MeV proton beam are degictéigures 28 through 33.

Now that the range of the 200 MeV proton is mbantthe total thickness of CRaTER,

the agreement is almost perfect for all six detscto
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Figure 17. Detector 2 Response for 115 MeV Proton Beam
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Figure 20. Detector 5 Response for 115 MeV Proton Beam
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Figure 21. Detector 6 Response for 115 MeV Proton Beam
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4.2.b. 600 MeV/nucleon Silicon Beam

The comparisons for a 600 MeV/nucleon silicon beaendepicted in figures 34
through 39. The calibration runs were carried ¢dhe Brookhaven National
Laboratory (BNL). Because silicon is a much heagiement than hydrogen, its Linear
Energy Transfer (LET) is much higher. It can beadieseen that the energy deposited
in each of the detectors is much higher than endegypsited by the previous proton
calibration runs. In this case, projectile and ¢afgagmentation cross sections become
very important. It could be seen in the compariaomong the thin detectors that the
predictions obtained with HETC-HEDS are somewhéteshto the right. (higher
channel numbers). The problem with benchmarkingyém calibration runs lies in
taking into account all beam corrections when satiag the runs with HETC-HEDS.
These could vary from an unknown dead layer thiskne the silicon detectors, spread
in momentum of the primary beam, and exact enemgyriging the target (CRaTER).
So the shift in the peaks in the thin detectorg casild be a result of either an actual
thicker dimension of the detector than reportedsraller primary beam energy than
reported. This shift in energy deposition coulddle seen in the case of the thicker
detectors response. For the silicon comparisorgileegy was assumed to be 600
MeV/nucleon and the spread in momentum was asstorigel 3 percent. The peaks
seen in the figures correspond to the fragmenta &ither the projectile or the target
that in turn will mostly deposit their energy ldgahside the particular detector being
compared (peaks one through thirteen). In conahysiomparisons for the 600

MeV/nucleon silicon calibration is in fair agreementh the HETC-HEDS simulation.
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4.2.c. 650 MeV/nucleon Iron Beam

Comparisons for the 650 MeV/nucleon Iron beam apaled in figures 40 through 45
Overall the HETC-HEDS simulations are in fair agneat for all detectors.

Differences in calculated versus measured energgdions are caused by the same
reasons mentioned in the case of the 600 MeV/nodécon beam calibrations. In
addition, because of the possibility of havingagfnentation event that could result in
producing many fragments, a Monte Carlo analysikheidifficult to be compared

with an actual calibration run. The reason for teahat HETC-HEDS will follow each
of the fragments separately and look at their doution in energy deposition. On the
other hand, in the case of the calibration rumatld be virtually impossible to be able
to detect all fragments and taking their energyodémn contribution into account.
This is because a silicon detector has a certad time in which the detector will not
respond to additional particles. This time periedot short enough so that the detector
is able detect all fragments separately. The ordjor discrepancy is in detector five in
which one would expect an overestimation with HEFIEDS, which is not the case.
Again, in the case of iron, beam corrections becewan more difficult to quantify
because an incident iron particle produces mogaiemts than an incident silicon
particle for example, and hence the comparisoivary good. In this case, the
energy was assumed to be 650 MeV/nucleon and tkadim momentum was

assumed to be 3 %.
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4.3. CRaTER’s Response to the GCR spectrum

To better understand the lunar galactic cosmieragronment and its impacts on
humans, it is necessary to characterize CRaTERTsreBponse to the galactic cosmic
rays spectrum one might be exposed to on the Mbluis.will be accomplished by
building an LET data base that will include simidas of all the relevant components
of the GCR spectrum with their corresponding eresgi

The Flight Model 1 CRaTER configuration was modalsthg HETC-HEDS where
simulations of all the energies that constituteheafcdhe elements of the GCR spectrum
were made.

Starting with 20 MeV per nucleon energy, particketh charges betweerkZ<26 were
simulated since particles with Z>26 have a very flm@nce and are not significant in
their contribution to dose or dose equivalent nesgiby astronauts.

Then data of total energy deposited per path leofythaterial by any particle
produced, whether it is a primary beam particla secondary particle generated from
a fragmentation event from the projectile or thrgeawas used to obtain an average

LET using the following equation:

(Einta ~ Eina )i *1

AverageLET =
i=1 n L

(7)

Where
i denotes the primary particle

n denotes the number of primary particles
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L is the length of the material of interest

Einitial denotes the initial energy of the particle as befoteracting in the
material

Eiinas denotes the final energy of the particle afterreaténg in the material and

is defined as:
; ki
Efa = E +Z E. (8)
m=1

Where m is the first fragment of particle i

ki is the K fragment of particle i

En is the energy of fragment m
In all the calculations, the number of primary s, n, followed was one hundred
thousand particles, which resulted in statisticedrs of less than three percent. Once
the averaged LET was obtained, the LET was mudtibby the GCR flux as predicted
for the year 2009 by the Badwhar-O’Neill GCR enwimeental model.
By doing so, a precursor data base is made avaitalidle compared with CRaTER’s

flight data and benchmarked with the models usedEi C-HEDS.

4.3.a. BADWHAR O’NEILL Model

The fluxes of the GCR energy spectrum were obtaurs@ng the Badhwar-O’Neill
interplanetary galactic cosmic ray model. In thdye®990’s Badhwar and O’Neill
developed a GCR model based on balloon and satédita from 1954 to 1992. Since

August 1997, the Cosmic-Ray Isotope Spectromett$Lon the Advanced
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Composition Explorer (ACE) has provided signifidgmhore accurate GCR energy
spectra due to its much larger collection powehwigeometric factor of about 250
cnt-sr. The original Badhwar — O’Neill Model, updateith the new ACE data,
provides interplanetary mission planners with hygidcurate GCR environment data
for radiation protection for astronauts and radiathardness assurance for electronic

equipment [32].

This model accurately accounts for solar modulatmn each relevant element
(hydrogen to nickel) by propagating the assumedalLétterplanetary Spectrum (LIS)
of each element through the heliosphere by solvimey Fokker — Planck diffusion,
convection, energy loss boundary value problemsimgle value of the deceleration
parameter®(t), describes the level of solar cycle modulat@ma determines the GCR

energy spectrum for all of the elements at a giistance from the sun.

The intensity and energy of galactic cosmic rayteramg the heliosphere is lowered as
they are scattered by irregularities in the int@netary magnetic field embedded in the
solar wind. Parker (1965) showed that the steaalgsspherically symmetric Fokker-
Planck equation accurately accounts for diffusiagnvection, and adiabatic
deceleration of these particles. The Fokker-Plamduation is readily solved
numerically to propagate the Local Interstellar @pe (LIS) for each element to a

given distance from the sun.
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A single diffusion coefficient, K(r, t), describdse effect of the sun’s magnetic field on

particles entering the heliosphere.

Pl
K(r,t) =~ 0

@(t)

(9)

where \sy is the constant solar wind speed (400 km/s),disgance from the sun in

Astronomical Units (distance between Earth and @ub.)) , t is time in years, ks
constantf is particle speed relative to the speed of lighis particle rigidity in MV.
Figure 46 shows the change in modulation parantetgrof solar cycle 23 for various

elements of the GCR spectrum.
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The model generates GCR energy spectra (flux imshn**2/sr/s/MeV/n versus
energy in MeV/n) from 1.0 to 10MeV/n for elements (Z=1 to 28) by propagating an
input Local Interstellar Spectrum (LIS) to 1 AU bglving the Fokker—Planck equation
for given®(t) (the solar modulation parameter which describescurrent state of the
sun's ability to modulate cosmic rays).

The model allows user to enter the element changedét).

The output contains the modulated GCR spectrurthioelement and(t) entered.

The disadvantage of the Badwhar-O’Neill model &t tihe lowest value that can be
used as input for the solar modulation param@{gris 450 MV. This will not be a
problem since CRaTER will be launched into lundaitanear minimum solar activity
and the value ob during the one year period of data collection Wélve an average of
about 450 MV.

The units of the generated flux were (flux in #ions2/sr/s/MeV/n), so a factor of
10*was multiplied by the flux to convert the unitsciof.

Also, all particles were assumed to be enteringTERafrom the 35° Zenith field of
view which faces out to space. To take that intmaat, the flux was also multiplied by
a factor of 0.29 to rid the denominator of the estitgin unit (sr). The following equation

was used:

Seradian = 277{1- cod05* 35°)) = 029  (10)
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4.3.b. Average LET Spectra

Before representing the LET spectra for the GChRnelds, it is worthwhile to discuss
the change in average LET as a function of enengytlie some representative
eleements. Figures 47 and 48 show the LET spe&ed/ifhicron) for the GCR

elements as a function of energy (MeV/nucleon) athbTissue Equivalent Plastic

sections TEP1 and TEP2.

As one would expect, the two figures show the iaseein LET as a function of energy
as well as atomic number Z. For each of the elespaghe Bragg peak occurs at an
energy that increases with atomic number Z, whigplans the shift of the Bragg

peaks as Z increases.

Furthermore, it can also be seen that LET valuedigher in TEP2 for some elements,
since the Bragg peak becomes more pronounced asngrgy of the primary beam
decreases and the particles travel through thewselements of the detector and lose
energy. As such, when the energy of a particleedesas to a particular threshold, the
electron capture cross section becomes importaulhis case, the nucleus will rid itself
of its excess energy by capturing an atomic elactithen, the excess energy is
transferred to the electron, ejecting it from thena Hence, the rapid increase in

energy transfer.
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4.3.c. LET GCR spectra prediction for 2009

Figures 49 and 50 show the predicted LET spece¥/(kicron/s) for the year 2009 as
a function of energy (MeV/nucleon) for elements thave the highest fluxes in the
GCR environment. Despite the fact that elementh higher Z, i.e. iron, have higher
LET values than TEP (the target in this case),régul9 and 50 show that the highest
value of LET is that of protons. This is becausgqms constitute about eighty five
percent of the GCR spectrum and therefore will Hagber energy deposition values
than iron. The same argument could be made abggeoxwhich has higher flux
values than iron does for example. The values i iz&ues are higher for TEP2 than
they are for TEP1. The increase in the Bragg psakfanction of Z is also a property
of those spectra. The values of LET are represgrgedecond, which makes it as
simple as multiplying the LET values by a duratadriime in seconds spent in space to
obtain a cumulative LET value. Since the purposthisfwork was to create a database
with lookup tables of LET values for the various E€lements, it would best to
represent the values in table format, which wilkené easy for one to interpolate
between calculated LET values to obtain the LETafdesired energy of a particular
element. Values of LET spectra for all GCR elemgmntston through iron, are
represented in tables 9 through 34 in the apperBlecause CRaTER does not
differentiate between particle species, Figuretws a prediction for the cumulative

LET spectrum for elements hydrogen to iron as atfan of energy per nucleon.

As expected, LET in TEP1 is higher than that in ZE#the low energy range. The

reason is because most particles will deposit gre@rgies completely in TEP1 before
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they can reach TEP2. However, it is clear fromfitpare that the difference in LET
values between TEP1 and TEP2 becomes smaller egyanereases, and eventually

LET is virtually the same in the high energy region
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4.4. CRaTER’s Response to Solar Particle Events

The last scenarios included in this work are ptastis for various large solar particle
events. The events selected are those of Septe@tioher, and November 1989, the
October 2003 (Halloween) event, and a predictisrafoassumed worse case scenario
2009 event when CRaTER is in lunar orbit. The taitas calculated by simply
assuming the event to be the largest event thatraztin November of 1997, the
beginning of solar cycle 23 since CRaTER will beitaing the Moon in the beginning

of solar cycle 24.

This will establish a reference measure for the THRiteam in case such events occur
when CRaTER is in lunar orbit.

4.4.a. Solar Particle Event (SPE) Data

The Geostationary Operational Environmental Séel6OES) program was designed
to operate in geostationary orbit, 35,790 km (2Q,2tute miles) above the Earth, and
thereby remaining stationary (with respect to aapon the ground).

The advanced GOES I-M spacecraft continuously views<ontinental United States,
neighboring environs of the Pacific and Atlanticeans, and Central, South America
and southern Canada. The three-axis, body-stathiipacecraft design enables the
sensors to "stare” at the Earth and thus more értyuimage clouds, monitor Earth's
surface temperature and water vapor fields, anddsthe atmosphere for its vertical
thermal and vapor structures. Thus the evolutioatimiospheric phenomena can be

followed, ensuring real-time coverage of shortdivdynamic events, especially severe
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local storms and tropical cyclones—two meteorolab@vents that directly affect

public safety, protection of property, and ultimgteconomic health and development.
The main mission is carried out by the primary paglinstruments, the Imager and the
Sounder. The Imager is a multi-channel instrumieatt $enses infrared radiant energy
and visible reflected solar energy from the Eahidace and atmosphere. The Sounder
provides data for vertical atmospheric temperatun@ moisture profiles, surface and
cloud top temperature, and ozone distribution.

Other instruments on board the spacecraft arerthend-based meteorological

platform data collection and relay, and the spamgrenment monitor (SEM). The

latter consists of a magnetometer, an X-ray semsbigh energy proton and alpha
detector, and an energetic particle sensor, atl tein-situ surveying of the near-

Earth space environment [33].

4.4.b. Space Environment Monitor (SEM)

The Space Environment Monitor (SEM) measures tfezebdf the Sun on the near-
Earth solar-terrestrial electromagnetic environmpraviding real-time data to the
Space Environment Services Center (SESC). The S&Sthe nation’s “space
weather” service, receives, monitors, and integoaetvide variety of solar-terrestrial
data, and issues reports, alerts and forecastspémial events such as solar flares or
geomagnetic storms.

The SEM subsystem consists of four instruments disedh situ measurements and

monitoring of the near-earth (geostationary al#fudspace environment and for
87



observing the solar X-ray output. An energetic ipl$ sensor (EPS) and high energy
proton and alpha detector (HEPAD) monitor the ieaoidflux density of protons, alpha
particles, and electrons over an extensive rangmefgies. Solar output is monitored
by an X-ray sensor (XRS) mounted on an X-ray pasitig platform, fixed on the solar
array yoke. Two redundant three-axis magnetometeosinted on a deployed 3-meter
boom, operate one at a time to monitor Earth’'s gapmatic field strength in the
vicinity of the spacecraft. The SEM instruments aspable of ground command-
selectable, in-flight calibration for monitoring -@mbit performance and ensuring

proper operation [34].

4.4.c. Energetic Particles Sensor (EPS)

The EPS performs three integral measurements (@tageonary orbit) of electrons

from 0.6 to more than 4.0 megaelectronvolts (Me&)seven-channel differential
analysis of protons from 0.8 to 500 MeV, and adhannel differential analysis of
alpha particles from 4 to 500 MeV per nucleon. BRS also provides all the support
required by the HEPAD, which extends the EPS eneagges to greater than 700 MeV
for protons and to greater than 3400 MeV per nucfeo alphas. The EPS and HEPAD
are housed within the spacecraft main body and vievspace environment through
apertures.

The EPS unit consists of a telescope subassemhipmee subassembly and signal
analyzer unit/data processing unit (SAU/DPU); tlatelr unit provides the final

amplification of the telescope and dome output aignThese components are housed
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on a separate panel, mounted on the spacecrafith sguipment panel, providing a

clear field of view towards the west.

The telescope uses two silicon surface barrierctiate that output charge pulses to
charge sensitive preamplifiers within the telescopenverting them into voltage
pulses; this preconditions the signals sent tocSSAE)/DPU. These detectors sense low
energy protons in the range of 0.8 to 15 MeV aipthalparticles in the range of 4 to 60
MeV. The two detectors, surrounded by tungstenidinig, are arranged in a telescope
configuration: a 5Q:m, 100-mni front detector and a 50@m, 200-mni rear detector.
Tungsten collimators define the field of view of &nhd eliminate detector edge effects.
Sweeping magnets exclude electrons below aboukil®@lectron-volts (keV), while

a 0.145-mil aluminum foil excludes light. The ouwirface of the front solid-state
detector is covered with 13@g/cnt of aluminum, rendering it light tight. The dome
employs three sets of two 15Q@a, 25-mnf, silicon surface barrier detectors, each
with different thickness moderators covering thgpeetive pairs’ independent fields of
view, thus providing three different energy thrddso As in the telescope, the solid
state detector output charge pulses are passedgthicharge sensitive preamplifiers,
converting them into voltage pulses before beingted to the SAU/DPU. After

processing, the output of the detector pairs [35].
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4.4.d. High Energy Proton and Alpha Detector (HEPAD

The HEPAD senses incident flux of high energy pnet@B50 to greater than 700 MeV)
and alphas (640 to greater than 850 MeV/nucleohg Unit consists of a telescope
subassembly with two silicon surface barrier dete;ta Cerenkov radiator, and a
photomultiplier tube (PMT), all arranged in a telgge configuration, and a signal
analyzer subassembly. The Cerenkov radiator and pidVide directional (front/rear
incidence) discrimination and energy selection. Ebéd-state detectors differentiate
between minimum ionizing protons and alpha padi@daed are shielded from protons
below 70 MeV and electrons below 15 MeV by aluminamd tungsten barriers.

The signal analyzer subassembly contains all thelihoation and processing
electronics required to sort the accepted telesewpats into particular particle types
and energy levels and to transmit data to the EARA%BPU on 11 data lines (4 proton,
2 alpha, and 5 single channels). The five singknakels are required to correct proton
and alpha channel data. PMT operating voltageas@bable upon ground command to
compensate for aging effects; turn-on detectiooudiry ensures that the PMT voltage
always initializes at the lowest value. In-fligldlibration capability is also included.
The SAU/DPU multiplexes all of the EPS/HEPAD pdeiclata (27 channels) and
accumulates the results in compression counterpu@uof these compression counters
are transferred serially to spacecraft telemetrgnn80- channel sub-multiplexed data
stream. The SAU/DPU also processes timing sigmaia the spacecraft telemetry unit,
housekeeping telemetry, in-flight calibration, ammbntrol commands to the

EPS/HEPAD subsystem. Upon ground command, the SRU/h-flight calibration
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circuitry generates a sequence of amplitude moeldlgst pulses that are applied to the
charge-sensitive preamplifier inputs to determime stability of amplification chains
and threshold discriminators [33].

In this work, the GOES satellite data was chosamstas the input proton spectra. The

data is binned into seven energy channels as fellow

Table 8. GOES Satellite Energy Channels

Channel Energy (MeV)

1 E>1 MeV

2 E>5 MeV

3 E>10 MeV
4 E>30 MeV
5 E>50 MeV
6 E>60 MeV
7 E>100 MeV
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The differential flux data obtained from GOES wasraged over five minute time
intervals having units of ions/@fsecond/steradian. As stated previously, CRaTER has

a 35° field of view (FOV), so the same factor #®Dwas multiplied by the GOES data.

After doing so, the data was fitted using Nonlineaast Square techniques to
interpolate fluxes between energies between 2Q.8AdVieV, and to extrapolate fluxes
between energies of 100 and 3000 MeV. Once thatwapleted, the LET spectra for
the various events were calculated. It would beessary first to show the differences
in the integral spectra of the events analyzet@lismwork. Figure 51 shows the

differences in the spectra between all events.
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To put things into perspective, the LET spectrunthef particular event was calculated

using the following equation:
=
LET = (@* SPE), (11)

Where
EdepositediS the energy deposited by the particle with eperg
L is the length of the medium the particle is trsuay
SPE is the flux of energy i
The LET was then plotted against energy and tinabtain a three dimensional plot.

4.4.e. 1989 Events
The reason why the 1989 events were chosen fowbris was because of the variation

of the events in the months of September, Octaret November.

All plots are LET spectra as a function of energgl #me. The colors represent the
magnitudes of the LET where the color blue repregenlowest LET while the color
red represents the highest LET. The units for LBEThe x-axis are exponential of LET
(KeV/micron/second), the units of energy on thexisare MeV, and the units of time
on the z-axis are seconds. Figures 52 and 53 epmrdee prediction of CRaTER’s
response in TEP1 and TEP2 for the September 198%&.evhe spectrum for this
particular event was the hardest of solar cyclen&3aning that this event had the
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highest percentage of high energy protons relatitbe total number of protons of the
event when comparing it with other events. The ehes a sudden rise in LET that
remains almost linear until the end of the evamtdmparison, the LET in TEP2 is
lower than that in TEP1. This is expected sincéggbrtion of particles in this event

have low energy and will attenuate and lose the#rgy before getting to TEP2.

Figures 54 and 55 present the prediction of CRaSE&sponse in TEP1 and TEP2 for
the October 1989 event. This event was quite diffethan that of the September 1989.
This difference could be observed in the behavidhe® LET spectrum as a function of
energy and time. The LET spectrum has three difteises, which could be seen as
the three different peaks in LET values. In songances, this event had almost double
the values of LET as compared to the previous ewvémth translates to having fluxes

twice as large as there are in the previous event

Figures 56 and 57 present the prediction of CRa$E&ponse in TEP1 and TEP2 for
the Novemebr 1989 event. The November 1989 eventiaamy rises, but the major

difference between it and the previous two eveitsihardness (soft event spectrum)
except at the beginning of the event. This is matiite when looking at the intensity of

the LET in TEPZ2, which remains virtually unchandedthat specific period of time.
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4.4.f. 2003 Event (Halloween)

Figure 58 presents the prediction of CRaTER’s LEponse in TEP1 and figure 59 is
a rotated view (to better illustrate LET variatmith time) of the same LET spectrum
for the October 2003 event. Figure 60 represenptadiction of CRaTER’s LET
response in TEP2 and figure 61 is a rotated vieth@same LET spectrum for the

October 2003 event.

As stated previously, the importance of predictBiRaTER’s response to SPEs is to be
able to determine the significance of those eventle safety of astronauts. When the
event has a hard spectrum, this means that mohessicpted means of shielding will

be required. This does not indicate, however, iiiate shielding will take care of the
problem since as particles lose energy, their LEdomes higher because their

velocities become lower, so more shielding mighaalty do more harm than good.

This is the case for the October 2003 event, alsovk as the Halloween event, since it
occurred at the end of October close to Hallowe€his event had its major
significance at the beginning where multiple rise&ET at energies up to 3000 MeV
occurred within a very short period of time. Had astronaut been present in space
without proper shielding, the doses received cdwdde been mission threatening or

lethal [36].
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4.4.9. 2009 Worse Case Scenario

The final Solar Particle Event study included irstlesearch is a prediction of a worse
case scenario event that might occur when CRaTHERlusmar orbit. This event was
assumed to be the same event that occurred in Nzereoh 1997, around the same

stage in the previous solar cycle (cycle 23) asnsWdRaTER will be in space.

Figure 62 represents the prediction of CRaTER'’s k&Sponse in TEP1 and figure 63
is a rotated view of the same LET spectrum for @2€évent. Figure 64 represent the
prediction of CRaTER’s LET response in TEP2 andrigg65 is a rotated view of the

same LET spectrum for the 2009 event.

The LET spectrum of this event is similar to thathe Halloween event in it having a

hard spectrum, but there are fewer LET peaks tharetwere in the Halloween event.

Because the data for the SPE predictions are |#igelata is attached in a CD-ROM

with this work.
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Figure 53. Prediction of LET Spectrum in TEP 1 for September

1989 SPE
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Figure 54. Prediction of LET Spectrum in TEP 2 for September
1989 SPE
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Figure 55. Prediction of LET Spectrum in TEP 1 for October
1989 SPE
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Figure 56. Prediction of LET Spectrum in TEP 2 for October
1989 SPE
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Figure 57. Prediction of LET Spectrum in TEP 1 for November
1989 SPE
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Figure 58. Prediction of LET Spectrum in TEP 2 for November
1989 SPE
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Figure 59. Prediction of LET Spectrum in TEP 1 for Halloween
2003 SPE
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Figure 60. Prediction of LET Spectrum in TEP 1 for Halloween
SPE (Rotated View)
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Figure 61. Prediction of LET Spectrum in TEP 2 for Halloween
2003 SPE
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Figure 62. Prediction of LET Spectrum in TEP 2 for Halloween
SPF (Rotated VView)
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Figure 63. Prediction of LET Spectrum in TEP 1 for 2009 Worst
Case Scenario SPE
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Figure 64. Prediction of LET Spectrum in TEP 1 for 2009
Worst Case Scenario SPE (Rotated View)
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Figure 65. Prediction of LET Spectrum in TEP 2 for 2009 Worst
Case Scenario SPE
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Figure 66. Prediction of LET Spectrum in TEP 2 for 2009 Worst
Case Scenarin SPF (Rotated View)
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5. CONCLUSIONS AND SUGGESTIONS FOR FUTURE WORK

In conclusion, the code HETC-HEDS was comparednagg@iroton, silicon, and iron
calibration data and validated for use to predRAETER’s response to the GCR
environment and SPEs. The comparisons were irmafg@ement for the proton beam
calibrations. At the lower energies (115 and 11 % M&e agreement in detectors five
and six had some discrepancies caused mainly lperand energy straggling. If the
exact beam energy and momentum spread were knbevagreement could have been
better. At the higher energies however, the agreémas better since energy and range
straggling effects are not as pronounced as ibothier beam energy cases.

The comparisons for the silicon and iron beam caflibns were in a good agreement,
but more calibration beam corrections need to berporated into HETC-HEDS in

order to have better agreement. Those correctiogist include better values for the
dead layer thicknesses of the silicon detectorspwkedge of exact beam energies, and a
better approximation of the percent spread in ge@mbmomentum.

A complete LET data base for GCR elements prototougpn was developed for use

by the CRaTER team for future comparisons with tiea¢ data obtained with

CRaTER when it is flown into lunar orbit. Furthemapthe comparisons will help

determine the accuracy of existing models and datdbused in transport codes.
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CRaTER'’s response to historical large Solar Partisients as well as a prediction for a
worse case scenario of the year 2009 was devetoga@sent a picture of what might

be expected in case CRaTER was exposed to suctsevieen orbiting the Moon.

There is still much work to do. Once the actuabhdaam CRaTER are obtained, it will

be very important to do a direct comparison witratmas been presented in this work.

Finally, it would be interesting to do a study b spatial and energy distributions in
TEP for the secondary particles produced sucha@amsary protons and neutrons to
decide their significance in dosimetry especidilyse of secondary neutrons that could
be produced by heavy particles such as iron andldesto deposit much of their

energies in volumes outside of the target of irstiere
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APPENDIX

Table 9. GCR LET data for protons (KeV/micron/s)

Energy | D1 D2 | TEP1 D3 D4 | TEP2 | D5 D6
20 9.5E-05 1.3E-04 15E-06 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
25 9.1E-05 1.0E-04 5.1E-06 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00
30 9.2E-05 9.8E-05 9.2E-06 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00
35 9.2E-05 9.7E-05 1.4E-05 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00
40 9.3E-05 9.7E-05 1.9E-05 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00
45 9.5E-05 9.7E-05 2.5E-05 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00
50 9.6E-05 9.8E-05 3.2E-05 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00
55 9.7E-05 9.8E-05 3.9E-05 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00
60 9.8E-05 9.9E-05 4.6E-05 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00
65 9.8E-05 9.9E-05 5.4E-05 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00
70 9.8E-05 1.0E-04 6.3E-05 1.9E-08 7.9E-09 0.0E+00 0.0E+00  0.0E+00
75 9.9E-05 1.0E-04 7.2E-05 19E-08 1.4E-08 3.6E-09 1.2E-09 3.8E-09
80 9.9E-05 1.0E-04 8.1E-05 3.9E-08 24E-08 7.9E-09 28E-09 8.4E-09
85 9.9E-05 1.0E-04 9.0E-05 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00
90 9.9E-05 9.9E-05 9.9E-05 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
95 9.8E-05 9.9E-05 8.6E-05 28E-04 3.1E-04 3.4E-05 24E-08 1.4E-08

100 9.8E-05 9.9E-05 7.9E-05 2.0E-04 2.1E-04 7.1E-05 5.7E-09 0.0E+00
110 9.7E-05 9.8E-05 7.2E-05 15E-04 1.6E-04 1.3E-04 0.0E+00 0.0E+00
120 9.7E-05 9.7E-05 6.9E-05 1.4E-04 1.4E-04 1.1E-04 25E-04 2.6E-04
130 9.5E-05 9.6E-05 6.5E-05 1.2E-04 1.2E-04 8.6E-05 1.7E-04 1.7E-04
140 9.4E-05 9.5E-05 6.3E-05 1.2E-04 1.2E-04 7.7E-05 1.4E-04 1.4E-04
150 9.3E-05 9.3E-05 6.1E-05 1.1E-04 1.1E-04 7.0E-05 1.2E-04 1.2E-04
160 9.2E-05 9.2E-05 5.9E-05 1.1E-04 1.1E-04 6.6E-05 1.1E-04 1.1E-04
170 9.0E-05 9.0E-05 5.7E-05 1.0E-04 1.0E-04 6.3E-05 1.1E-04 1.1E-04
180 8.8E-05 8.9E-05 5.6E-05 9.8E-05 9.8E-05 6.0E-05 1.0E-04 1.0E-04
190 8.7E-05 8.7E-05 5.5E-05 9.5E-05 9.5E-05 5.8E-05 9.8E-05 9.7E-05
200 8.5E-05 8.5E-05 5.3E-05 9.2E-05 9.2E-05 56E-05 9.3E-05 9.3E-05
220 8.2E-05 8.3E-05 5.0E-05 8.7E-05 8.7E-05 5.2E-05 8.6E-05 8.7E-05
240 7.9E-05 8.0E-05 4.8E-05 8.3E-05 8.3E-05 4.9E-05 8.1E-05 8.2E-05
260 7.6E-05 7.7E-05 4.6E-05 7.9E-05 7.9E-05 4.6E-05 7.6E-05 7.8E-05
280 7.4E-05 7.4E-05 4.4E-05 75E-05 7.5E-05 4.4E-05 7.3E-05 7.3E-05
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300

330

360

390

430

470

520

570

630

690

760

840

920

1000

1100

1200

1300

1400

1500

1600

1700

1800

1900

2000

3000

7.0E-05
6.6E-05
6.4E-05
6.0E-05
5.6E-05
5.3E-05
4.8E-05
4.5E-05
4.1E-05
3.8E-05
3.5E-05
3.1E-05
2.8E-05
2.6E-05
2.3E-05
2.0E-05
1.8E-05
1.6E-05
1.5E-05
1.4E-05
1.3E-05
1.1E-05
1.1E-05
9.6E-06
4.0E-06

7.1E-05
6.7E-05
6.4E-05
6.0E-05
5.6E-05
5.3E-05
4.9E-05
4.5E-05
4.1E-05
3.8E-05
3.5E-05
3.1E-05
2.8E-05
2.6E-05
2.3E-05
2.1E-05
1.8E-05
1.7E-05
1.5E-05
1.4E-05
1.3E-05
1.2E-05
1.1E-05
9.9E-06
4.2E-06

4.2E-05
4.0E-05
3.8E-05
3.6E-05
3.3E-05
3.1E-05
2.9E-05
2.7E-05
2.4E-05
2.3E-05
2.0E-05
1.8E-05
1.7E-05
1.5E-05
1.3E-05
1.2E-05
1.1E-05
9.7E-06
8.7E-06
8.0E-06
7.2E-06
6.7E-06
6.1E-06
5.7E-06
2.4E-06

7.2E-05
6.7E-05
6.3E-05
6.0E-05
5.6E-05
5.2E-05
4.8E-05
4.5E-05
4.1E-05
3.8E-05
3.5E-05
3.1E-05
2.8E-05
2.5E-05
2.3E-05
2.0E-05
1.8E-05
1.6E-05
1.5E-05
1.3E-05
1.2E-05
1.2E-05
1.0E-05
9.9E-06
4.2E-06

7.2E-05
6.8E-05
6.4E-05
6.1E-05
5.7E-05
5.3E-05
4.9E-05
4.6E-05
4.2E-05
3.9E-05
3.6E-05
3.3E-05
3.0E-05
2.7E-05
2.4E-05
2.2E-05
2.0E-05
1.8E-05
1.6E-05
1.5E-05
1.4E-05
1.3E-05
1.2E-05
1.1E-05
4.8E-06

4.2E-05
3.9E-05
3.7E-05
3.5E-05
3.2E-05
3.0E-05
2.8E-05
2.6E-05
2.4E-05
2.2E-05
2.0E-05
1.8E-05
1.6E-05
1.5E-05
1.3E-05
1.2E-05
1.0E-05
9.4E-06
8.5E-06
7.8E-06
7.1E-06
6.5E-06
6.0E-06
5.6E-06
2.3E-06

7.0E-05
6.5E-05
6.0E-05
5.8E-05
5.4E-05
4.9E-05
4.6E-05
4.4E-05
3.9E-05
3.5E-05
3.4E-05
2.9E-05
2.7E-05
2.5E-05
2.2E-05
1.9E-05
1.8E-05
1.6E-05
1.4E-05
1.4E-05
1.2E-05
1.2E-05
1.0E-05
9.3E-06
4.3E-06

7.0E-05
6.5E-05
6.1E-05
5.8E-05
5.4E-05
5.0E-05
4.6E-05
4.3E-05
4.0E-05
3.7E-05
3.3E-05
3.0E-05
2.7E-05
2.5E-05
2.3E-05
2.0E-05
1.8E-05
1.7E-05
1.5E-05
1.4E-05
1.3E-05
1.2E-05
1.1E-05
1.0E-05
4.4E-06
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Table 10.GCR LET data for helium (KeV/micron/s)

Energy | D1 D2 | TEp1 | D3 | D4 | TEP2 | D5 D6
20 1.1E-04 1.5E-04 2.0E-06 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
25 1.0E-04 1.2E-04 6.4E-06 0.0E+00 O0.0E+00 O0.0E+00 O0.0E+00 0.0E+00
30 1.0E-04 1.1E-04 1.1E-05 O0.0E+00 O0.0E+00 O0.0E+00 0.0E+00 0.0E+00
35 1.0E-04 1.1E-04 16E-05 1.2E-09 8.3E-10 O0.0E+00 O0.0E+00 0.0E+00
40 1.0E-04 1.0E-04 2.2E-05 3.5E-09 3.7E-09 1.4E-09 4.2E-09 3.8E-09
45 1.0E-04 1.0E-04 2.8E-05 89E-09 4.8E-09 2.6E-09 0.0E+00 0.0E+00
50 9.9E-05 1.0E-04 3.4E-05 2.5E-08 2.1E-08 5.6E-09 O0.0E+00 0.0E+00
55 9.8E-05 1.0E-04 4.1E-05 1.1E-07 8.2E-08 1.8E-08 1.2E-08 1.2E-08
60 9.7E-05 9.8E-05 4.8E-05 3.5E-07 3.0E-07 5.6E-08 0.0E+00 0.0E+00
65 9.5E-05 9.6E-05 5.5E-05 5.9E-07 5.5E-07 1.5E-07 5.1E-08 4.2E-08
70 9.6E-05 9.8E-05 6.3E-05 1.2E-06 1.0E-06 3.0E-07 1.0E-07 8.6E-08
75 9.4E-05 9.5E-05 7.0E-05 2.8E-06 2.6E-06 6.1E-07 3.5E-07 3.5E-07
80 9.3E-05 9.4E-05 7.7E-05 5.5E-06 5.3E-06 1.3E-06 6.8E-07 6.4E-07
85 9.2E-05 9.3E-05 8.4E-05 8.3E-06 8.0E-06 2.4E-06 1.1E-06 1.1E-06
90 9.0E-05 9.1E-05 9.1E-05 1.0E-05 1.1E-05 3.8E-06 2.3E-06 2.2E-06
95 8.8E-05 8.8E-05 7.3E-05 2.3E-04 2.6E-04 3.8E-05 4.5E-06 4.0E-06
100 8.7E-05 8.7E-05 6.6E-05 1.7E-04 1.8E-04 6.9E-05 6.2E-06 6.1E-06
110 8.4E-05 8.4E-05 59E-05 1.3E-04 1.3E-04 1.1E-04 1.1E-05 1.1E-05
120 8.1E-05 8.1E-05 55E-05 1.1E-04 1.1E-04 8.4E-05 2.0E-04 2.1E-04
130 7.9E-05 7.8E-05 5.1E-05 9.8E-05 1.0E-04 6.7E-05 1.3E-04 1.3E-04
140 7.7E-05 7.6E-05 4.8E-05 9.0E-05 9.2E-05 5.9E-05 1.1E-04 1.1E-04
150 7.6E-05 7.4E-05 4.6E-05 8.3E-05 8.5E-05 5.3E-05 9.6E-05 9.8E-05
160 7.2E-05 7.2E-05 4.3E-05 7.7E-05 8.1E-05 49E-05 8.5E-05 8.8E-05
170 7.2E-05 7.2E-05 4.2E-05 7.2E-05 7.7E-05 4.6E-05 7.9E-05 8.2E-05
180 7.2E-05 7.1E-05 4.1E-05 7.1E-05 7.5E-05 4.4E-05 7.9E-05 7.8E-05
190 6.9E-05 6.9E-05 3.9E-05 6.8E-05 7.2E-05 4.2E-05 7.2E-05 7.4E-05

200 6.7E-05 6.7E-05 3.7E-05 6.6E-05 7.1E-05 4.0E-05 6.9E-05 7.0E-05
300 5.0E-05 b5.1E-05 2.8E-05 4.6E-05 4.9E-05 2.8E-05 4.7E-05 5.0E-05
400 4. 0E-05 3.8E-05 2.1E-05 3.3E-05 3.8E-05 2.0E-05 3.5E-05 3.7E-05
500 3.2E-05 3.1E-05 1.7E-05 2.6E-05 2.9E-05 1.6E-05 2.8E-05 3.0E-05
600 2.7E-05 2.6E-05 1.3E-05 2.1E-05 2.6E-05 1.3E-05 24E-05 2.6E-05
700 2.4E-05 23E-05 1.2E-05 19E-05 24E-05 1.1E-05 2.0E-05 2.3E-05
800 1.8E-05 1.8E-05 9.1E-06 1.5E-05 1.8E-05 8.8E-06 1.6E-05 1.7E-05
900 1.6E-05 1.6E-05 7.9E-06 1.2E-05 1.6E-05 7.6E-06 1.4E-05 1.5E-05
1000 1.4E-05 1.4E-05 7.0E-06 1.1E-05 1.4E-05 6.86-06 1.2E-05 1.4E-05
1250 1.1E-05 1.0E-05 5.2E-06 8.5E-06 1.0E-05 5.1E-06 9.3E-06 1.0E-05
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1500

1750

2000

3000

7.1E-06
5.6E-06
4.2E-06
1.4E-06

7.2E-06
5.6E-06
4.3E-06
1.5E-06

3.5E-06
2.8E-06
2.1E-06
7.4E-07

5.5E-06
4.6E-06
3.4E-06
1.2E-06

7.2E-06
5.7E-06
4.1E-06
1.4E-06

3.4E-06
2.7E-06
2.0E-06
7.2E-07

6.5E-06
5.0E-06
3.6E-06
1.2E-06

6.8E-06
5.4E-06
4.1E-06
1.4E-06
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Table 11.GCR LET data for lithium (KeV/micron/s)

Energy | D1 D2 TEPL |D3 |p4a |TEP2 |D5 | D6

20 4.2E-07 3.9E-07 0.0E+00 O0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

25 3.5E-07 4.8E-07 6.5E-09 O0.0E+00 0.0E+00 O0.0E+00 0.0E+00 0.0E+00

30 3.3E-07 3.9E-07 1.7E-08 1.1E-11 3.9E-12 23E-12 0.0E+00 0.0E+00

35 3.3E-07 3.6E-07 29E-08 1.6E-11 1.1E-11 7.7E-12 0.0E+00 0.0E+00

40 3.2E-07 3.4E-07 4.1E-08 2.9E-11 28E-11 2.1E-11 0.0E+00 0.0E+00

45 3.2E-07 3.3E-07 54E-08 8.3E-11 6.4E-11 4.7E-11 ©5.6E-11 4.2E-11

50 3.1E-07 3.3E-07 6.7E-08 1.6E-10 1.2E-10 7.4E-11 1.0E-10 7.3E-11

55 3.1E-07 3.2E-07 8.2E-08 2.2E-10 2.0E-10 1.1E-10 1.2E-10 1.1E-10

60 3.1E-07 3.2E-07 9.7E-08 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

65 3.1E-07 3.1E-07 1.1E-07 0.0E+00 O0.0E+00 0.0E+00 O0.0E+00 0.0E+00

70 3.0E-07 3.1E-07 1.3E-07 7.7E-10 6.9E-10 3.5E-10 3.9E-10 3.4E-10

75 3.0E-07 3.0E-07 1.4E-07 1.0E-09 8.8E-10 4.4E-10 5.1E-10 4.9E-10

80 3.0E-07 3.0E-07 1.6E-07 1.7E-09 1.6E-09 6.3E-10 7.1E-10 6.5E-10

85 2.9E-07 3.0E-07 1.8E-07 3.6E-09 3.2E-09 89E-10 8.6E-10 8.1E-10

90 29E-07 209E-07 19E-07 7.5E-09 7.0E-09 15E-09 9.7E-10 9.1E-10

95 29E-07 29E-07 2.1E-07 1.2E-08 1.2E-08 28E-09 1.5E-09 1.3E-09

100 2.8E-07 29E-07 2.2E-07 20E-08 1.8E-08 49E-09 19E-09 1.7E-09

110 2.8E-07 2.8E-07 25E-07 6.6E-08 6.1E-08 1.4E-08 8.1E-09 7.5E-09

120 2.7E-07 2.7E-O07 20E-07 b&5.8E-07 6.3E-07 1.2E-07 1.8E-08 1.7E-08

130 2.6E-07 2.7E-07 1.8E-07 3.9E-07 4.0E-07 23E-07 4.2E-08 3.9E-08

140 2.6E-07 2.6E-07 1.7E-07 3.3E-07 3.3E-07 3.0E-07 8.9E-08 8.5E-08

150 2.5E-07 2.5E-07 1.6E-07 2.9E-07 29E-07 2.2E-07 5.0E-07 5.4E-07

160 2.5E-07 2.5E-07 1.5E-07 2.7E-07 27E-07 18E-07 3.5E-07 3.5E-07

170 2.4E-07 2.4E-07 1.4E-07 25E-07 25E-07 16E-07 29E-07 2.9E-07

180 2.4E-07 2.4E-07 14E-07 2.4E-07 24E-07 15E-07 2.6E-07 2.6E-07

190 2.7E-07 27E-O07 1.3E-07 2.2E-07 23E-07 1.4E-07 24E-07 2.4E-07

200 2.6E-07 2.6E-07 1.3E-07 21E-07 22E-07 13E-07 22E-07 2.2E-07

300 2.3E-07 24E-07 1.3E-07 1.9E-07 2.2E-07 1.1E-07 1.8E-07 1.8E-07

400 1.9E-07 1.9E-07 9.9E-08 1.4E-07 1.7E-07 8.7E-08 1.4E-07 1.4E-07

500 1.7e-07 1.7E-O7 8.3E-08 1.2E-07 1.5E-O07 7.3E-08 1.1E-07 1.2E-07

600 1.4E-07 1.4E-O7 7.0E-08 9.6E-08 1.2E-07 6.1E-08 9.8E-08 1.0E-07

700 1.2E-07 1.3E-07 6.3E-08 8.7E-08 1.1E-07 5.5E-08 8.7E-08 9.3E-08

800 1.1E-07 1.1E-07 5.2E-08 7.1E-08 9.1E-08 4.5E-08 7.3E-08 7.7E-08
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900

1000

1250

1500

1750

2000

3000

9.2E-08
8.7E-08
7.1E-08
5.0E-08
4.1E-08
3.2E-08
1.3E-08

9.7E-08
8.8E-08
7.1E-08
5.3E-08
4.2E-08
3.3E-08
1.3E-08

4.6E-08
4.2E-08
3.3E-08
2.4E-08
2.0E-08
1.5E-08
6.2E-09

6.2E-08
5.8E-08
4.6E-08
3.2E-08
2.6E-08
2.2E-08
8.5E-09

8.2E-08
7.2E-08
5.9E-08
4.3E-08
3.5E-08
2.7E-08
1.1E-08

4.0E-08
3.6E-08
2.9E-08
2.1E-08
1.7E-08
1.3E-08
5.4E-09

6.7E-08
6.0E-08
5.0E-08
3.6E-08
2.9E-08
2.1E-08
8.3E-09

7.2E-08
6.2E-08
4.9E-08
3.7E-08
3.1E-08
2.3E-08
1.0E-08
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Table 12.GCR LET data for beryllium (KeV/micron/s)

Energy | D1 D2 | TEP1 | D3 D4 | TEP2 | D5 D6
20 44E-07 2.3E-07 O0.0E+00 O0.0E+00 O0.0E+00 O0.0E+00 O0.0E+00 0.0E+00
25 3.4E-07 5.86-07 O0.0E+00 O0.0E+00 O0.0E+00 O0.0E+00 0.0E+00 0.0E+00
30 3.2E-07 3.86-07 1.1E-08 3.6E-12 209E-12 1.2E-12 0.0E+00 0.0E+00
35 3.1E-07 3.4E-07 2.0E-08 0.0E+00 O0.0E+00 O0.0E+00 0.0E+00 0.0E+00
40 3.0E-07 3.2E-07 29E-08 2.7E-11 1.8E-11 0.0E+00 O0.0E+00 0.0E+00
45 2.9E-07 3.1E-07 4.0E-08 0.0E+00 O0.0E+00 O0.0E+00 O0.0E+00 0.0E+00
50 2.9E-07 3.0E-07 5.1E-08 8.0E-11 6.8E-11 4.3E-11 3.8E-11 3.4E-11
55 2.9E-07 3.0E-07 6.2E-08 1.5E-10 1.1E-10 0.0E+00 O0.0E+00 0.0E+00
60 2.9E-07 29E-07 7.4E-08 20E-10 1.7E-10 8.3E-11 O0.0E+00 0.0E+00
65 2.8E-07 2.9E-07 8.7E-08 3.0E-10 O0.0E+00 O0.0E+00 O0.0E+00 0.0E+00
70 2.8E-07 29E-07 9.9E-08 4.0E-10 3.5E-10 1.9E-10 2.0E-10 1.7E-10
75 2.8E-07 2.8E-07 1.1E-07 6.4E-10 5.4E-10 2.6E-10 2.8E-10 2.4E-10
80 2.8e-07 2.8E-07 1.3E-07 8.7E-10 7.8e-10 3.3E-10 3.3E-10 3.2E-10
85 2.7E-07 2.8E-07 1.4E-07 1.8E-09 O0.0E+00 O0.0E+00 O0.0E+00 0.0E+00
90 2.7E-07 2.8E-07 15E-07 3.3E-09 3.0E-09 7.5E-10 O0.0E+00 0.0E+00
95 2.7E-07 2.7E-07 1.7E-07 5.2E-09 409E-09 1.3E-09 7.2E-10 6.3E-10
100 2.7E-07 2.7E-07 1.8E-07 8.0E-09 7.4E-09 2.2E-09 9.6E-10 9.2E-10
200 2.2E-07 2.2E-07 1.3E-07 2.2E-07 2.2E-07 1.4E-07 2.4E-07 2.4E-07

300 2.1E-07 2.1E-07 1.1E-07 1.7E-07 2.0E-07 9.2E-08 1.7E-07 1.7E-07
400 1.7E-07 1.7e-07 8.7E-08 1.3E-07 1.6E-07 7.8E-08 1.4E-07 1.4E-07
500 1.5E-07 1.5E-07 7.3E-08 1.1E-07 1.3E-07 6.5E-08 1.1E-07 1.2E-07
600 1.2E-07 1.3E-07 6.1E-08 9.1E-08 1.1E-07 5.5E-08 9.3E-08 1.0E-07
700 1.1E-07 1.2E-07 5.4E-08 8.2E-08 1.0E-07 4.8E-08 8.6E-08 9.1E-08
800 9.3E-08 9.4E-08 4.4E-08 6.7E-08 8.3E-08 4.0E-08 6.8E-08 7.3E-08
900 8.4E-08 8.5E-08 4.0E-08 5.9E-08 7.7E-08 3.5E-08 6.4E-08 6.9E-08
1000 7.5E-08 7.6E-08 3.6E-08 5.3E-08 6.8E-08 3.2E-08 5.7E-08 5.9E-08
1250 5.9E-08 6.1E-08 2.8E-08 4.3E-08 5.4E-08 2.5E-08 4.5E-08 4.8E-08
1500 4.3E-08 4.4E-08 2.0E-08 3.0E-08 3.9E-08 1.8E-08 3.5E-08 3.5E-08
1750 3.6E-08 3.6E-08 1.7E-08 2.6E-08 3.2E-08 1.5E-08 2.6E-08 2.8E-08
2000 2.6E-08 2.8E-08 1.3E-08 1.9E-08 2.5E-08 1.2E-08 2.2E-08 2.2E-08
3000 1.1E-08 1.1E-08 5.2E-09 7.9E-09 1.0E-08 4.7E-09 8.9E-09 9.0E-09
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Table 13.GCR LET data for boron (KeV/micron/s)

Energy | D1 D2 | TEP1 | D3 D4 | TEP2 | D5 D6
20 7.6E-06 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
25 3.4E-06 3.1E-06 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
30 2.9E-06 4.4E-06 24E-08 1.4E-11 1.3E-11 4.6E-12 0.0E+00 0.0E+00
35 2.7E-06 3.2E-06 9.9E-08 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
40 2.6E-06 2.9E-06 1.6E-07 6.7E-11 0.0E+00 0.0E+00 0.0E+00 0.0E+00
45 2.5E-06 2.7E-06 2.3E-07 1.5E-10 1.2E-10 7.8E-11 7.2E-11 7.2E-11
50 2.4E-06 2.6E-06 3.0E-07 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
55 2.4E-06 2.5E-06 3.7E-07 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
60 2.3E-06 2.4E-06 4.5E-07 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
65 2.3E-06 2.4E-06 5.2E-07 1.2E-09 1.0E-09 5.2E-10 5.4E-10 4.4E-10
70 2.3E-06 2.3E-06 6.0E-07 1.7E-09 1.5E-09 7.7E-10 0.0E+00 0.0E+00
75 2.2E-06 2.3E-06 6.8E-07 2.7E-09 2.4E-09 1.1E-09 1.1E-09 9.9E-10
80 2.2E-06 2.2E-06 7.6E-07 3.9E-09 3.8E-09 1.4E-09 1.4E-09 1.2E-09
85 2.1E-06 2.2E-06 8.3E-07 7.0E-09 6.3E-09 1.9E-09 1.7E-09 1.6E-09
90 2.1E-06 2.1E-06 9.1E-07 1.2E-08 1.1E-08 3.0E-09 2.2E-09 2.1E-09
95 2.1E-06 2.1E-06 9.9E-07 1.9E-08 1.8E-08 4.9E-09 2.9E-09 2.7E-09
100 2.0E-06 2.1E-06 1.1E-06 2.7E-08 2.6E-08 7.9E-09 4.2E-09 3.8E-09
200 1.5E-06 1.5E-06 9.0E-07 1.6E-06 1.6E-06 1.1E-06 2.2E-06 2.2E-06
300 1.2E-06 1.2E-06 6.2E-07 9.9E-07 1.1E-06 5.8E-07 9.5E-07 9.6E-07
400 9.0E-07 9.1E-07 4.7E-07 7.4E-07 8.4E-07 4.2E-07 7.2E-07 7.4E-07
500 7.3E-07 7.4E-07 3.7E-07 5.8E-07 6.8E-07 3.3E-07 5.8E-07 5.9E-07
600 6.0E-07 6.0E-07 3.0E-07 4.5E-07 5.4E-07 2.6E-07 4.5E-07 4.8E-07
700 5.2E-07 5.2E-07 2.6E-07 3.9E-07 4.7E-07 2.3E-07 4.1E-07 4.2E-07
800 4.1E-07 4.1E-07 2.0E-07 3.1E-07 3.7E-07 1.8E-07 3.1E-07 3.3E-07
900 3.5E-07 3.6E-07 1.8E-07 2.7E-07 3.2E-07 1.5E-07 2.9E-07 2.9E-07
1000 | 3.2E-07 3.2E-07 1.5E-07 2.4E-07 2.9E-07 1.4E-07 2.4E-07 2.5E-07
1250 | 2.4E-07 2.4E-07 1.2E-07 1.8E-07 2.2E-07 1.0E-07 1.9E-07 1.9E-07
1500 | 1.7E-07 1.7E-07 7.9E-08 1.2E-07 1.5E-07 6.9E-08 1.3E-07 1.3E-07
1750 | 1.3E-07 1.4E-07 6.3E-08 9.6E-08 1.2E-07 5.5E-08 1.0E-07 1.1E-07
2000 | 1.0E-07 1.0E-07 4.8E-08 7.2E-08 9.1E-08 4.2E-08 7.7E-08 7.8E-08
3000 | 3.6E-08 3.6E-08 1.7E-08 2.7E-08 3.3E-08 1.5E-08 2.8E-08 2.9E-08

124




Table 14.GCR LET data for carbon (KeV/micron/s)

Energy | D1 D2 | TeEP1 | D3 | pa | TEP2 | D5 | D6
20 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
25 2.9E-05 6.8E-06 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
30 1.9E-05 2.0E-05 2.7E-10 5.5E-11 1.5E-11 1.1E-11 0.0E+00 0.0E+00
35 1.7E-05 2.6E-05 1.4E-07 1.3E-10 1.6E-10 4.0E-11 0.0E+00 0.0E+00
40 1.6E-05 1.9E-05 5.3E-07 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
45 1.5E-05 1.7E-05 8.5E-07 5.2E-10 4.8E-10 0.0E+00 0.0E+00 0.0E+00
50 1.5E-05 1.6E-05 1.2E-06 1.2E-09 8.3E-10 3.2E-10 0.0E+00 0.0E+00
55 1.4E-05 1.5E-05 1.5E-06 1.6E-09 1.1E-09 6.1E-10 6.1E-10 5.2E-10
60 1.4E-05 1.5E-05 1.8E-06 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
65 1.4E-05 1.4E-05 2.2E-06 2.9E-09 2.7E-09 1.3E-09 1.3E-09 1.1E-09
70 1.3E-05 1.4E-05 2.5E-06 4.8E-09 4.1E-09 1.9E-09 2.0E-09 1.6E-09
75 1.3E-05 1.4E-05 2.9E-06 8.1E-09 6.6E-09 2.7E-09 2.6E-09 2.3E-09
80 1.3E-05 1.3E-05 3.3E-06 1.3E-08 1.2E-08 3.9E-09 3.6E-09 3.4E-09
85 1.3E-05 1.3E-05 3.6E-06 2.1E-08 1.9E-08 5.9E-09 5.0E-09 4.8E-09
90 1.2E-05 1.3E-05 4.0E-06 3.8E-08 3.1E-08 9.0E-09 6.0E-09 5.4E-09
95 1.2E-05 1.2E-05 4.3E-06 5.1E-08 4.8E-08 1.4E-08 8.4E-09 7.8E-09
100 1.2E-05 1.2E-05 4.7E-06 7.5E-08 7.2E-08 2.2E-08 1.3E-08 1.1E-08
200 8.4E-06 8.4E-06 5.5E-06 1.1E-05 1.2E-05 7.9E-06 1.1E-06 1.1E-06
300 6.5E-06 6.5E-06 3.6E-06 5.8E-06 5.9E-06 3.5E-06 5.9E-06 6.0E-06
400 49E-06 4.9E-06 2.6E-06 4.2E-06 4.7E-06 2.4E-06 4.1E-06 4.2E-06
500 4.0E-06 4.0E-06 2.1E-06 3.2E-06 3.7E-06 1.8E-06 3.2E-06 3.3E-06
600 3.2E-06 3.2E-06 1.6E-06 2.5E-06 2.9E-06 1.4E-06 2.6E-06 2.6E-06
700 2.9E-06 2.8E-06 1.4E-06 2.2E-06 2.5E-06 1.3E-06 2.2E-06 2.3E-06
800 2.2E-06 2.3E-06 1.1E-06 1.7E-06 2.0E-06 9.8E-07 1.8E-06 1.7E-06
900 2.0E-06 2.0E-06 9.9E-07 1.5E-06 1.8E-06 8.6E-07 1.6E-06 1.6E-06
1000 | 1.8E-06 1.8E-06 8.8E-07 1.3E-06 1.6E-06 7.6E-07 1.4E-06 1.4E-06
1250 | 1.4E-06 1.4E-06 6.6E-07 1.0E-06 1.2E-06 5.7E-07 1.1E-06 1.1E-06
1500 | 9.36-07 9.5E-07 4.7E-07 7.1E-07 8.5E-07 4.0E-07 7.6E-07 7.4E-07
1750 | 7.86-07 7.7E-07 3.8E-07 5.8E-07 6.9E-07 3.2E-07 6.0E-07 6.0E-07
2000 | 5.9E-07 6.0E-07 2.9E-07 4.4E-07 5.2E-07 25E-07 4.6E-07 4.7E-07
3000 | 2.3E-07 2.3E-07 1.1E-07 1.7E-07 2.0E-07 9.5E-08 1.8E-07 1.8E-07

125




Table 15.GCR LET data for nitrogen (KeV/micron/s)

Energy | D1 D2 | TeEP1 | D3 | pa | TEP2 | D5 | D6
20 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
25 1.2E-05 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
30 7.2E-06 4.6E-06 59E-11 6.8E-12 1.2E-11 2.3E-12 4.1E-12 4.7E-12
35 5.9E-06 8.5E-06 2.6E-10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
40 5.4E-06 7.3E-06 9.7E-08 6.8E-11 0.0E+00 0.0E+00 0.0E+00 0.0E+00
45 5.1E-06 6.1E-06 2.0E-07 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
50 49E-06 5.5E-06 3.0E-07 2.2E-10 1.6E-10 9.2E-11 7.7E-11 6.9E-11
55 47E-06 5.2E-06 3.9E-07 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
60 4.6E-06 5.0E-06 4.9E-07 4.5E-10 4.3E-10 2.2E-10 2.3E-10 2.0E-10
65 45E-06 4.8E-06 5.9E-07 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
70 4.4E-06 4.6E-06 6.9E-07 1.1E-09 9.6E-10 0.0E+00 0.0E+00 0.0E+00
75 43E-06 4.5E-06 7.9E-07 1.7E-09 1.5E-09 6.3E-10 5.3E-10 5.4E-10
80 4.3E-06 4.4E-06 8.9E-07 2.9E-09 26E-09 7.9E-10 0.0E+00 0.0E+00
85 4.2E-06 4.3E-06 1.0E-06 4.9E-09 4.4E-09 1.4E-09 1.2E-09 1.1E-09
90 4.1E-06 4.2E-06 1.1E-06 7.3E-09 6.8E-09 2.0E-09 1.6E-09 1.4E-09
95 4.0E-06 4.1E-06 1.2E-06 1.1E-08 1.1E-08 3.3E-09 2.2E-09 2.0E-09
100 3.9E-06 4.0E-06 1.3E-06 1.7E-08 1.6E-08 5.1E-09 3.2E-09 2.8E-09
200 2.8E-06 2.8E-06 2.0E-06 5.0E-06 5.3E-06 1.5E-06 2.3E-07 2.3E-07
300 2.1E-06 2.1E-06 1.2E-06 2.0E-06 2.1E-06 1.3E-06 2.2E-06 2.2E-06
400 1.6E-06 1.6E-06 8.9E-07 1.4E-06 1.5E-06 8.1E-07 1.3E-06 1.3E-06
500 1.3E-06 1.3E-06 7.0E-07 1.1E-06 1.2E-06 6.2E-07 1.1E-06 1.1E-06
600 1.1E-06 1.1E-06 5.6E-07 8.5E-07 9.7E-07 4.8E-07 8.3E-07 8.4E-07
700 9.3E-07 9.5E-07 4.8E-07 7.4E-07 8.7E-07 4.2E-07 7.4E-07 7.4E-07
800 7.4E-07 7.4E-07 3.8E-07 5.7E-07 6.5E-07 3.2E-07 5.6E-07 5.8E-07
900 6.5E-07 6.5E-07 3.3E-07 5.0E-07 5.7E-07 2.8E-07 5.1E-07 5.0E-07
1000 | 5.8E-07 5.8E-07 2.9E-07 4.4E-07 5.1E-07 25E-07 4.5E-07 4.5E-07
1250 | 4.3E-07 4.4E-07 2.2E-07 3.3E-07 3.7E-07 1.8E-07 3.3E-07 3.3E-07
1500 | 3.0E-07 3.1E-07 1.5E-07 2.3E-07 2.7E-07 1.3E-07 2.3E-07 2.4E-07
1750 | 2.4E-07 25E-07 1.2E-07 1.8E-07 22E-07 1.0E-07 2.0E-07 1.9E-07
2000 | 1.8E-07 1.8E-07 9.1E-08 1.4E-07 1.6E-07 7.7E-08 1.4E-07 1.4E-07
3000 | 6.9-08 6.9E-08 3.4E-08 5.1E-08 6.0E-08 2.9E-08 5.3E-08 5.4E-08
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Table 16.GCR LET data for oxygen (KeV/micron/s)

Energy | D1 D2 | TeEP1 | D3 | pa | TEP2 | D5 | D6
20 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
25 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
30 4.6E-05 1.5E-05 2.2E-10 1.6E-11 1.5E-11 1.0E-11 3.2E-12 3.6E-12
35 3.4E-05 3.4E-05 1.0E-09 1.3E-10 0.0E+00 O0.0E+00 0.0E+00 0.0E+00
40 3.0E-05 5.3E-05 2.9E-09 1.8E-10 1.9E-10 0.0E+00 O0.0E+00 0.0E+00
45 2.8E-05 3.5E-05 7.1E-07 3.3E-10 3.4E-10 1.5E-10 1.1E-10 1.2E-10
50 2.6E-05 3.1E-05 1.2E-06 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
55 25E-05 2.8E-05 1.6E-06 1.4E-09 1.1E-09 6.1E-10 4.7E-10 4.6E-10
60 2.4E-05 2.7E-05 2.1E-06 1.8E-09 1.7E-09 9.1E-10 7.1E-10 7.3E-10
65 2.4E-05 25E-05 25E-06 3.3E-09 3.0E-09 1.3E-09 1.3E-09 1.2E-09
70 2.3E-05 2.5E-05 3.0E-06 3.7E-09 3.4E-09 1.8E-09 1.9E-09 1.4E-09
75 2.3E-05 2.4E-05 3.5E-06 6.9E-09 6.0E-09 2.5E-09 24E-09 2.2E-09
80 2.2E-05 2.3E-05 3.9E-06 1.2E-08 1.0E-08 3.9E-09 3.5E-09 3.1E-09
85 2.2E-05 2.2E-05 4.4E-06 2.1E-08 1.8E-08 5.7E-09 4.7E-09 0.0E+00
90 2.1E-05 2.2E-05 4.9E-06 3.1E-08 2.9E-08 9.0E-09 7.2E-09 6.4E-09
95 2.1E-05 2.1E-05 5.3E-06 5.1E-08 4.9E-08 1.4E-08 9.1E-09 8.3E-09
100 2.0E-05 2.1E-05 5.8E-06 7.4E-08 7.2E-08 2.2E-08 1.3E-08 1.3E-08
200 1.4E-05 1.4E-05 1.3E-05 3.7E-06 3.4E-06 9.5E-07 8.6E-07 8.5E-07
300 1.1E-05 1.1E-05 6.2E-06 1.1E-05 1.1E-05 6.7E-06 1.2E-05 1.2E-05
400 8.0E-06 8.0E-06 4.4E-06 6.9E-06 7.1E-06 4.1E-06 6.7E-06 6.8E-06
500 6.5E-06 6.5E-06 3.5E-06 5.4E-06 6.0E-06 3.0E-06 5.3E-06 5.3E-06
600 5.2E-06 5.3E-06 2.8E-06 4.2E-06 4.7E-06 2.4E-06 4.2E-06 4.2E-06
700 47E-06 4.7E-06 2.4E-06 3.7E-06 4.1E-06 2.1E-06 3.6E-06 3.6E-06
800 3.7E-06 3.7E-06 1.9E-06 29E-06 3.2E-06 1.6E-06 2.8E-06 2.8E-06
900 3.2E-06 3.2E-06 1.7E-06 2.5E-06 2.8E-06 1.4E-06 2.5E-06 2.5E-06
1000 | 2.9E-06 2.9E-06 1.5E-06 2.2E-06 2.5E-06 1.2E-06 2.2E-06 2.2E-06
1250 | 2.2E-06 2.2E-06 1.1E-06 1.7E-06 1.9E-06 9.3E-07 1.6E-06 1.7E-06
1500 | 1.5E-06 1.6E-06 7.8E-07 1.2E-06 1.3E-06 6.5E-07 1.2E-06 1.2E-06
1750 | 1.36-06 1.3E-06 6.3E-07 9.5E-07 1.1E-06 5.3E-07 9.1E-07 9.7E-07
2000 | 9.6E-07 9.7E-07 4.8E-07 7.3E-07 85E-07 4.0E-07 7.1E-07 7.4E-07
3000 | 3.8E-07 3.8E-07 1.9E-07 2.8E-07 3.2E-07 1.6E-07 2.9E-07 2.8E-07
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Table 17.GCR LET data for fluorine (KeV/micron/s)

Energy | D1 D2 TEPL |D3 |D4 |TEP2 |D5 |D6
20 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
25 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
30 9.0E-07 1.6E-07 4.3E-12 3.6E-13 3.6E-13 2.2E-13 0.0E+00 0.0E+00
35 5.9E-07 4.9E-07 1.7E-11 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
40 5.1E-07 8.0E-07 4.8E-11 3.1E-12 29E-12 15E-12 7.9E-13 9.4E-13
45 4.7E-07 6.3E-07 9.1E-09 8.0E-12 7.6E-12 3.3E-12 4.0E-12 2.6E-12
50 45E-07 5.4E-07 1.7E-08 1.6E-11 1.3E-11 6.2E-12 6.0E-12 3.9E-12
55 43E-07 4.9E-07 25E-08 2.2E-11 1.8E-11 1.0E-11 7.8E-12 6.2E-12
60 42E-07 4.6E-07 3.2E-08 2.7E-11 25E-11 1.4E-11 1.6E-11 1.4E-11
65 4.1E-07 4.4E-07 4.0E-08 4.5E-11 4.2E-11 2.1E-11 2.3E-11 1.9E-11
70 4.0E-07 4.3E-07 4.8E-08 6.1E-11 6.1E-11 3.2E-11 3.1E-11 2.5E-11
75 4.0E-07 4.2E-07 5.6E-08 1.2E-10 1.1E-10 4.7E-11 4.4E-11 4.1E-11
80 3.9E-07 4.1E-07 6.4E-08 2.1E-10 2.0E-10 7.0E-11 6.4E-11 6.3E-11
85 3.8E-07 4.0E-07 7.2E-08 3.4E-10 3.2E-10 1.1E-10 9.7E-11 9.0E-11
90 3.8E-07 3.9E-07 8.0E-08 5.4E-10 5.1E-10 1.7E-10 1.4E-10 1.4E-10
95 3.7E-07 3.8E-07 8.8E-08 8.3E-10 8.1E-10 2.6E-10 2.0E-10 1.9E-10
100 3.7E-07 3.7E-07 9.7E-08 1.3E-09 1.2E-09 4.0E-10 2.7E-10 2.6E-10
200 2.8E-07 2.8E-07 2.3E-07 5.3E-08 4.9E-08 1.3E-08 1.3E-08 1.3E-08
300 2.2E-07 2.2E-07 1.3E-07 2.2E-07 2.2E-07 1.4E-07 2.7E-07 2.8E-07
400 1.7E-07 1.7E-07 9.5E-08 1.5E-07 1.5E-07 8.9E-08 1.5E-07 1.5E-07
500 1.4E-07 1.4E-07 7.6E-08 1.2E-07 1.2E-07 6.7E-08 1.1E-07 1.1E-07
600 1.2E-07 1.2E-07 6.2E-08 9.5E-08 1.0E-07 5.3E-08 8.9E-08 9.1E-08
700 1.0E-07 1.0E-07 5.4E-08 8.2E-08 9.0E-08 4.6E-08 8.1E-08 7.9E-08
800 8.4E-08 8.4E-08 4.3E-08 6.5E-08 7.2E-08 3.6E-08 6.0E-08 6.2E-08
900 7.4E-08 7.4E-08 3.8E-08 5.7E-08 6.3E-08 3.2E-08 5.6E-08 5.5E-08
1000 | 6.6E-08 6.7E-08 3.4E-08 5.0E-08 5.6E-08 2.8E-08 4.9E-08 4.9E-08
1250 | 5.1E-08 5.1E-08 2.6E-08 3.8E-08 4.3E-08 2.1E-08 3.6E-08 3.8E-08
1500 | 3.6E-08 3.6E-08 1.8E-08 2.7E-08 3.0E-08 1.5E-08 2.6E-08 2.7E-08
1750 | 2.9E-08 2.9E-08 15E-08 2.2E-08 25E-08 1.2E-08 2.1E-08 2.2E-08
2000 | 2.3E-08 2.3E-08 1.1E-08 1.7E-08 1.9E-08 9.4E-09 1.7E-08 1.7E-08
3000 | 8.7E-09 8.7E-09 4.4E-09 6.6E-09 7.4E-09 3.6E-09 6.4E-09 6.5E-09
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Table 18.GCR LET data for neon (KeV/micron/s)

Energy | D1 D2 | TEP1 | D3 | D4 | TEP2 | D5 | D6
20 0.0E+00 0.0E+00 0.0E+00 O0.0E+00 0.0E+00 0.0E+00 0.0E+00 O0.0E+00
25 0.0E+00 0.0E+00 0.0E+00 O0.0E+00 0.0E+00 0.0E+00 0.0E+00 O0.0E+00
30 1.2E-05 3.0E-09 5.6E-11 4.6E-12 48E-12 2.7E-12 O0.0E+00 0.0E+00
35 9.8E-06 4.3E-06 1.9E-10 0.0E+00 O0.0E+00 O0.0E+00 O0.0E+00 O0.0E+00
40 7.7E-06 8.2E-06 5.1E-10 3.3E-11 2.6E-11 1.9E-11 0.0E+00 0.0E+00
45 6.8E-06 1.2E-05 1.1E-09 7.5E-11 5.0E-11 O0.0E+00 O0.0E+00 0.0E+00
50 6.4E-06 8.3E-06 1.4E-07 1.2E-10 8.9E-11 5.5E-11 5.6E-11 4.0E-11
55 6.0E-06 7.2E-06 2.4E-07 2.2E-10 1.8E-10 8.1E-11 6.9E-11 5.8E-11
60 5.8E-06 6.6E-06 3.3E-07 3.1E-10 2.7E-10 1.3E-10 1.3E-10 8.8E-11
65 5.6E-06 6.2E-06 4.1E-07 4.6E-10 4.0E-10 1.9E-10 1.9E-10 1.6E-10
70 5.4E-06 5.9E-06 5.0E-07 6.3E-10 5.7E-10 2.6E-10 2.4E-10 2.2E-10
75 5.3E-06 5.6E-06 5.9E-07 1.0E-09 95E-10 3.9E-10 4.0E-10 3.3E-10
80 5.1E-06 5.4E-06 6.8E-07 1.9E-09 1.7E-09 5.9E-10 5.0E-10 4.8E-10
85 5.0E-06 5.3E-06 7.7E-07 3.3E-09 3.2E-09 9.6E-10 8.1E-10 7.5E-10
90 49E-06 5.1E-06 8.5E-07 5.3E-09 5.0E-09 1.5E-09 O0.0E+00 0.0E+00
95 4.8E-06 5.0E-06 9.4E-07 7.9E-09 7.5E-09 24E-09 1.6E-09 1.5E-09
100 4. 7E-06 4.8E-06 1.0E-06 1.2E-08 1.2E-08 3.7E-09 2.3E-09 2.1E-09
200 3.2E-06 3.3E-06 24E-06 29E-07 2.8E-07 1.0E-07 1.1E-07 1.1E-07
300 24E-06 2.4E-06 1.4E-06 26E-06 26E-06 19E-06 4.8E-06 5.2E-06
400 1.86-06 1.8E-06 9.9E-07 1.6E-06 1.6E-06 9.4E-07 1.6E-06 1.6E-06
500 1.4E-06 1.4E-06 7.7E-07 1.2E-06 1.2E-06 6.9E-07 1.1E-06 1.1E-06
600 1.2E-06 1.2E-06 6.1E-07 9.2E-07 9.8E-07 5.2E-07 8.6E-07 8.5E-07
700 1.0E-06 1.0E-06 5.3E-O07 8.0E-07 8.6E-07 4.4E-07 7.6E-07 7.7E-07
800 8.1E-07 8.1E-07 4.1E-07 6.2E-07 6.7E-07 3.4E-07 6.0E-07 5.9E-07
900 7.1E-07 7.1E-07 3.6E-07 5.4E-07 5.9E-07 3.0E-07 4.9E-07 5.1E-07
1000 6.3E-07 6.3E-07 3.2E-07 4.8E-07 5.2E-07 2.6E-07 4.4E-07 4.5E-07
1250 4.8E-07 4.8E-07 2.4E-07 3.6E-07 3.9E-07 2.0E-07 3.4E-07 3.4E-07
1500 3.4E-07 3.4E-07 1.7E-07 2.5E-07 2.7E-07 1.4E-07 2.4E-07 2.4E-07
1750 2.7E-07 2.7E-07 1.4E-07 2.0E-07 2.2E-07 1.1E-07 1.9E-07 1.9E-07
2000 2.1E-07 2.1E-07 1.0E-07 15E-07 1.7E-07 8.5E-08 1.4E-07 1.5E-07
3000 8.2E-08 8.1E-08 4.0E-08 6.0E-08 6.7E-08 3.3E-08 5.8E-08 5.7E-08
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Table 19.GCR LET data for sodium (KeV/micron/s)

Energy | D1 D2 TEPL |D3 |D4 |TEP2 |D5 | D6
20 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
25 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
30 1.1E-06 6.5E-10 1.4E-11 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
35 2.6E-06 8.3E-07 4.7E-11 5.1E-12 4.4E-12 1.7E-12 0.0E+00 0.0E+00
40 1.9E-06 1.8E-06 1.1E-10 9.5E-12 8.4E-12 3.8E-12 3.9E-12 2.3E-12
45 1.7E-06 2.6E-06 2.3E-10 1.6E-11 1.3E-11 6.6E-12 6.6E-12 6.1E-12
50 1.6E-06 2.1E-06 2.7E-08 1.8E-11 1.7E-11 1.2E-11 1.2E-11 1.3E-11
55 1.5E-06 1.8E-06 5.0E-08 4.9E-11 3.7E-11 1.9E-11 1.9E-11 1.6E-11
60 1.4E-06 1.6E-06 7.1E-08 5.9E-11 5.2E-11 3.1E-11 3.2E-11 2.6E-11
65 1.3E-06 1.5E-06 9.1E-08 9.4E-11 7.7E-11 4.5E-11 5.0E-11 4.0E-11
70 1.3E-06 1.4E-06 1.1E-07 1.6E-10 1.4E-10 6.8E-11 7.3E-11 6.4E-11
75 1.3E-06 1.4E-06 1.3E-07 2.1E-10 1.9E-10 9.8E-11 1.0E-10 8.3E-11
80 1.2E-06 1.3E-06 1.5E-07 4.3E-10 3.8E-10 1.3E-10 1.3E-10 1.2E-10
85 1.2E-06 1.3E-06 1.7E-07 7.5E-10 7.1E-10 2.2E-10 1.7E-10 1.7E-10
90 1.2E-06 1.2E-06 1.9E-07 1.1E-09 1.1E-09 3.4E-10 25E-10 2.5E-10
95 1.1E-06 1.2E-06 2.1E-07 1.7E-09 1.6E-09 5.3E-10 3.4E-10 3.3E-10
100 1.1E-06 1.2E-06 2.3E-07 2.4E-09 2.3E-09 7.9E-10 5.4E-10 5.0E-10
200 7.7E-07 7.7E-07 5.4E-07 4.6E-08 4.4E-08 1.7E-08 2.1E-08 2.1E-08
300 5.6E-07 5.7E-07 3.5E-07 6.4E-07 6.5E-07 5.8E-07 4.8E-06 2.3E-07
400 4.2E-07 4.2E-07 2.3E-07 3.8E-07 3.8E-07 2.3E-07 3.9E-07 3.9E-07
500 3.4E-07 3.4E-07 1.8E-07 28E-07 29E-07 1.6E-07 2.7E-07 2.7E-07
600 2.7E-07 2.7E-07 1.4E-07 2.2E-07 2.2E-07 1.2E-07 2.0E-07 2.0E-07
700 2.4E-07 2.4E-07 1.2E-07 19E-07 2.0E-07 1.1E-07 1.7E-07 1.7E-07
800 1.9E-07 1.9E-07 9.7E-08 1.5E-07 1.5E-07 8.1E-08 1.4E-07 1.4E-07
900 1.7E-07 1.7E-07 8.5E-08 1.3E-07 1.4E-07 7.0E-08 1.2E-07 1.2E-07
1000 | 1.5E-07 1.5E-07 7.5E-08 1.1E-07 1.2E-07 6.2E-08 1.0E-07 1.0E-07
1250 | 1.1E-07 1.1E-07 5.7E-08 8.5E-08 9.1E-08 4.7E-08 7.9E-08 8.0E-08
1500 | 7.9E-08 7.9E-08 4.0E-08 5.9E-08 6.3E-08 3.3E-08 5.5E-08 5.6E-08
1750 | 6.4E-08 6.4E-08 3.2E-08 4.8E-08 5.2E-08 2.6E-08 4.6E-08 4.5E-08
2000 | 49E-08 4.9E-08 25E-08 3.7E-08 4.0E-08 2.0E-08 3.5E-08 3.4E-08
3000 | 1.9-08 1.9E-08 9.5E-09 1.4E-08 1.5E-08 7.8E-09 1.3E-08 1.3E-08

130




Table 20.GCR LET data for magnesium (KeV/micron/s)

Energy | D1 D2 | TEP1 | D3 | D4 | TEP2 | D5 | D6
20 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
25 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
30 6.0E-09 3.5E-09 8.2E-11 1.8E-11 6.2E-12 3.9E-12 15E-12 2.0E-12
35 3.4E-05 1.3E-06 3.0E-10 3.7E-11 3.8E-11 1.3E-11 0.0E+00 0.0E+00
40 1.8E-05 1.0E-05 7.5E-10 2.9E-11 3.8E-11 3.0E-11 0.0E+00 0.0E+00
45 1.5E-05 1.7E-05 1.4E-09 1.3E-10 1.0E-10 5.0E-11 4.5E-11 4.1E-11
50 1.3E-05 2.3E-05 2.7E-09 15E-10 1.1E-10 8.2E-11 8.7E-11 7.9E-11
55 1.2E-05 1.6E-05 2.6E-07 2.5E-10 2.0E-10 1.2E-10 0.0E+00 0.0E+00
60 1.2E-05 1.4E-05 4.3E-07 3.2E-10 3.3E-10 1.7E-10 1.8E-10 1.7E-10
65 1.1E-05 1.3E-05 5.8E-07 5.9E-10 5.2E-10 2.6E-10 2.3E-10 2.3E-10
70 1.1E-05 1.2E-05 7.3E-07 8.0E-10 7.2E-10 3.6E-10 4.0E-10 3.6E-10
75 1.0E-05 1.1E-05 8.8E-07 1.2E-09 1.2E-09 0.0E+00 0.0E+00 0.0E+00
80 1.0E-05 1.1E-05 1.0E-06 2.3E-09 2.2E-09 0.0E+00 0.0E+00 0.0E+00
85 9.9E-06 1.0E-05 1.2E-06 4.5E-09 4.3E-09 1.2E-09 9.4E-10 9.3E-10
90 9.6E-06 1.0E-05 1.3E-06 7.6E-09 7.1E-09 2.1E-09 1.5E-09 1.4E-09
95 9.4E-06 9.8E-06 1.5E-06 9.8E-09 9.3E-09 3.2E-09 2.0E-09 2.0E-09
100 9.2E-06 9.6E-06 1.6E-06 1.5E-08 1.4E-08 4.8E-09 3.2E-09 3.2E-09
200 6.3E-06 6.3E-06 3.9E-06 2.5E-07 2.4E-07 1.1E-07 1.4E-07 1.4E-07
300 4.6E-06 4.6E-06 2.9E-06 5.8E-06 5.9E-06 3.8E-06 8.5E-07 8.1E-07
400 3.4E-06 3.4E-06 1.9E-06 3.2E-06 3.2E-06 1.9E-06 3.4E-06 3.4E-06
500 2.8E-06 2.8E-06 1.5E-06 2.3E-06 2.4E-06 1.4E-06 2.2E-06 2.2E-06
600 2.2E-06 2.2E-06 1.2E-06 1.8E-06 1.8E-06 1.0E-06 1.6E-06 1.6E-06
700 1.9E-06 2.0E-06 1.0E-06 1.5E-06 1.6E-06 8.5E-07 1.4E-06 1.4E-06
800 1.5E-06 1.5E-06 7.9E-07 1.2E-06 1.2E-06 6.5E-07 1.1E-06 1.1E-06
900 1.4E-06 1.4E-06 6.9E-07 1.0E-06 1.1E-06 5.6E-07 9.2E-07 9.4E-07
1000 | 1.2E-06 1.2E-06 6.1E-07 9.0E-07 9.6E-07 5.0E-07 8.1E-07 8.5E-07
1250 | 9.2E-07 9.1E-07 4.6E-07 6.8E-07 7.2E-07 3.7E-07 6.3E-07 6.2E-07
1500 | 6.4E-07 6.4E-07 3.2E-07 4.8E-07 5.1E-07 2.6E-07 4.3E-07 4.4E-07
1750 | 5.2E-07 5.2E-07 2.6E-07 3.8E-07 4.1E-07 2.1E-07 3.6E-07 3.6E-07
2000 | 4.0E-07 4.0E-07 2.0E-07 29E-07 3.1E-07 1.6E-07 2.7E-07 2.8E-07
3000 | 1.5E-07 1.5E-07 7.6E-08 1.1E-07 1.2E-07 6.2E-08 1.0E-07 1.0E-07

131




Table 21.GCR LET data for aluminum (KeV/micron/s)

Energy | D1 D2 | TEP1 | D3 D4 | TEP2 | D5 | D6
20 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
25 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
30 75E-10 4.8E-10 1.3E-11 1.2E-12 8.1E-13 6.2E-13 3.3E-13 2.1E-13
35 5.4E-06 1.8E-09 5.1E-11 4.1E-12 1.6E-12 0.0E+00 0.0E+00 0.0E+00
40 2.9E-06 1.4E-06 1.1E-10 9.7E-12 8.4E-12 0.0E+00 0.0E+00 0.0E+00
45 2.4E-06 24E-06 2.1E-10 19E-11 1.5E-11 7.1E-12 3.7E-12 3.0E-12
50 2.1E-06 3.5E-06 3.9E-10 3.3E-11 2.4E-11 0.0E+00 0.0E+00 0.0E+00
55 2.0E-06 2.7E-06 3.3E-08 4.6E-11 4.0E-11 1.8E-11 0.0E+00 0.0E+00
60 1.9E-06 2.3E-06 6.1E-08 6.6E-11 6.1E-11 3.0E-11 3.0E-11 2.5E-11
65 1.8E-06 2.1E-06 8.6E-08 1.1E-10 9.5E-11 4.6E-11 4.3E-11 4.2E-11
70 1.8E-06 2.0E-06 1.1E-07 1.4E-10 1.3E-10 6.5E-11 55E-11 5.4E-11
75 1.7E-06 1.9E-06 1.3E-07 2.4E-10 2.2E-10 9.5E-11 9.4E-11 9.0E-11
80 1.7E-06 1.8E-06 1.6E-07 4.8E-10 4.3E-10 1.4E-10 1.3E-10 1.2E-10
85 1.6E-06 1.7E-06 1.8E-07 7.8E-10 7.4E-10 2.3E-10 1.8E-10 1.8E-10
90 1.6E-06 1.7E-06 2.0E-07 1.2E-09 1.1E-09 3.6E-10 2.7E-10 2.5E-10
95 1.5E-06 1.6E-06 2.3E-07 1.7E-09 1.5E-09 5.5E-10 3.9E-10 3.7E-10
100 1.5E-06 1.6E-06 2.5E-07 2.3E-09 2.2E-09 8.0E-10 6.3E-10 5.8E-10
200 1.1E-06 1.1E-06 6.5E-07 3.4E-08 3.3E-08 1.6E-08 2.1E-08 2.1E-08
300 8.2E-07 8.3E-07 5.3E-07 1.1E-06 1.1E-06 5.8E-07 0.0E+00 0.0E+00
400 6.3E-07 6.3E-07 3.6E-07 5.9E-07 5.9E-07 3.6E-07 6.4E-07 6.5E-07
500 5.1E-07 5.1E-07 2.8E-07 4.3E-07 4.4E-07 2.5E-07 4.1E-07 4.2E-07
600 4.1E-07 4.1E-07 2.2E-07 3.3E-07 3.4E-07 1.9E-07 3.1E-07 3.1E-07
700 3.6E-07 3.6E-07 1.9E-07 2.8E-07 209E-07 1.6E-07 2.6E-07 2.6E-07
800 2.9E-07 2.9E-07 1.5E-07 22E-07 2.3E-07 1.2E-07 2.0E-07 2.0E-07
900 2.5E-07 2.6E-07 1.3E-07 1.9E-07 2.0E-07 1.1E-07 1.7E-07 1.8E-07
1000 | 2.3-07 2.3E-07 1.2E-07 1.7E-07 1.8E-07 9.4E-08 1.6E-07 1.6E-07
1250 | 1.7E-07 1.7E-07 8.7E-08 1.3E-07 1.4E-07 7.0E-08 1.2E-07 1.2E-07
1500 | 1.2E-07 1.2E-07 6.1E-08 9.0E-08 9.4E-08 4.9E-08 8.2E-08 8.3E-08
1750 | 9.8E-08 9.8E-08 4.9E-08 7.2E-08 7.7E-08 4.0E-08 6.7E-08 6.7E-08
2000 | 7.5E-08 7.5E-08 3.7E-08 5.5E-08 5.8E-08 3.0E-08 4.9E-08 5.1E-08
3000 | 2.9-08 2.9E-08 1.4E-08 2.1E-08 2.2E-08 1.1E-08 1.9E-08 1.9E-08
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Table 22.GCR LET data for silicon (KeV/micron/s)

Energy | D1 D2 | TEP1 | D3 | D4 | TEP2 | D5 | D6
20 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
25 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
30 2.9E-09 24E-09 6.6E-11 8.1E-12 2.3E-12 2.7E-12 1.7E-12 1.6E-12
35 1.4E-08 7.5E-09 2.2E-10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
40 2.3E-05 5.0E-06 5.2E-10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
45 1.6E-05 1.2E-05 1.0E-09 5.9E-11 5.3E-11 3.4E-11 0.0E+00 0.0E+00
50 1.4E-05 1.8E-05 1.8E-09 1.2E-10 1.1E-10 5.6E-11 4.6E-11 3.6E-11
55 1.3E-05 2.3E-05 3.2E-09 1.8E-10 1.4E-10 0.0E+00 0.0E+00 0.0E+00
60 1.2E-05 1.6E-05 2.5E-07 3.3E-10 2.8E-10 1.2E-10 1.2E-10 1.1E-10
65 1.1E-05 1.4E-05 4.0E-07 3.7E-10 3.5E-10 2.0E-10 0.0E+00 0.0E+00
70 1.1E-05 1.3E-05 5.4E-07 7.6E-10 6.4E-10 2.7E-10 2.8E-10 2.1E-10
75 1.0E-05 1.2E-05 6.7E-07 9.9E-10 8.8E-10 4.0E-10 4.3E-10 3.9E-10
80 1.0E-05 1.1E-05 8.0E-07 1.8E-09 1.6E-09 5.7E-10 5.1E-10 5.2E-10
85 9.9E-06 1.1E-05 9.3E-07 3.8E-09 3.6E-09 9.8E-10 7.9E-10 7.7E-10
90 9.6E-06 1.0E-05 1.1E-06 5.5E-09 5.1E-09 1.6E-09 1.1E-09 1.0E-09
95 9.3E-06 9.9E-06 1.2E-06 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
100 9.1E-06 9.6E-06 1.3E-06 1.0E-08 9.8E-09 3.6E-09 2.5E-09 2.4E-09
200 6.2E-06 6.3E-06 3.3E-06 1.5E-07 1.5E-07 7.2E-08 1.0E-07 1.0E-07
300 4.6E-06 4.6E-06 3.1E-06 7.5E-06 7.9E-06 2.2E-06 3.9E-07 3.7E-07
400 3.4E-06 3.4E-06 1.9E-06 3.3E-06 3.3E-06 2.1E-06 4.0E-06 4.0E-06
500 2.7E-06 2.7E-06 1.5E-06 2.3E-06 2.4E-06 1.4E-06 2.3E-06 2.3E-06
600 2.2E-06 2.2E-06 1.2E-06 1.8E-06 1.8E-06 1.0E-06 1.7E-06 1.7E-06
700 1.9E-06 1.9E-06 1.0E-06 1.5E-06 1.5E-06 8.5E-07 1.4E-06 1.4E-06
800 1.5E-06 1.5E-06 7.8E-07 1.2E-06 1.2E-06 6.5E-07 1.0E-06 1.1E-06
900 1.3E-06 1.3E-06 6.8E-07 1.0E-06 1.1E-06 5.6E-07 9.1E-07 9.1E-07
1000 | 1.2E-06 1.2E-06 6.0E-07 8.9E-07 9.2E-07 4.9E-07 8.0E-07 8.1E-07
1250 | 9.0E-07 9.0E-07 4.5E-07 6.7E-07 6.9E-07 3.6E-07 6.0E-07 6.0E-07
1500 | 6.3E-07 6.3E-07 3.2E-07 4.7E-07 4.9E-07 2.5E-07 4.2E-07 4.2E-07
1750 | 5.1E-07 5.1E-07 2.6E-07 3.8E-07 3.9E-07 2.1E-07 3.4E-07 3.4E-07
2000 | 3.9E-07 3.9E-07 2.0E-07 29E-07 3.0E-07 1.6E-07 2.7E-07 2.6E-07
3000 | 1.5E-07 1.5E-07 7.5E-08 1.1E-07 1.2E-07 6.0E-08 1.0E-07 1.0E-07
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Table 23.GCR LET data for phosphorus (KeV/micron/s)

Energy | D1 D2 | TEP1 | D3 D4 | TEP2 | D5 | D6
20 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
25 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
30 6.2E-11 5.6E-11 1.6E-12 2.4E-13 7.6E-14 0.0E+00 0.0E+00 0.0E+00
35 3.0E-10 1.5E-10 5.4E-12 6.7E-13 2.7E-13 0.0E+00 0.0E+00 0.0E+00
40 6.4E-07 9.3E-08 1.2E-11 1.3E-12 4.1E-13 0.0E+00 0.0E+00 0.0E+00
45 4.3E-07 2.7E-07 25E-11 2.0E-12 1.4E-12 9.9E-13 1.4E-12 8.2E-13
50 3.7E-07 4.2E-07 4.4E-11 4.1E-12 29E-12 1.7E-12 0.0E+00 0.0E+00
55 3.4E-07 5.7E-07 7.1E-11 4.3E-12 3.6E-12 2.3E-12 0.0E+00 0.0E+00
60 3.2E-07 4.3E-07 5.6E-09 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
65 3.1E-07 3.7E-07 9.7E-09 1.2E-11 1.1E-11 b5.4E-12 4.7E-12 4.6E-12
70 3.0E-07 3.4E-07 1.3E-08 1.7E-11 1.6E-11 8.7E-12 7.9E-12 7.0E-12
75 2.9E-07 3.2E-07 1.7E-08 2.6E-11 2.4E-11 1.1E-11 1.1E-11 1.1E-11
80 2.8E-07 3.1E-07 2.1E-08 4.7E-11 4.2E-11 1.6E-11 15E-11 1.3E-11
85 2.8E-07 3.0E-07 24E-08 1.0E-10 9.7E-11 2.6E-11 2.1E-11 1.9E-11
90 2.7E-07 2.9E-07 2.8E-08 15E-10 1.5E-10 4.2E-11 2.8E-11 2.6E-11
95 2.7E-07 2.8E-07 3.2E-08 2.1E-10 1.9E-10 6.5E-11 4.0E-11 3.7E-11
100 2.6E-07 2.8E-07 3.6E-08 2.8E-10 2.7E-10 9.5E-11 6.5E-11 6.2E-11
200 2.1E-07 2.1E-07 1.1E-07 4.4E-09 4.4E-09 2.2E-09 3.2E-09 3.1E-09
300 1.7E-07 1.7E-07 1.2E-07 3.2E-07 3.4E-07 6.4E-08 1.1E-08 1.0E-08
400 1.4E-07 1.4E-07 7.9E-08 1.3E-07 1.4E-07 8.8E-08 1.7E-07 1.8E-07
500 1.1E-07 1.1E-07 6.2E-08 9.8E-08 9.9E-08 5.8E-08 9.7E-08 9.7E-08
600 9.5E-08 9.4E-08 5.0E-08 7.7E-08 7.8E-08 4.4E-08 7.2E-08 7.1E-08
700 8.5E-08 8.4E-08 4.4E-08 6.6E-08 6.7E-08 3.7E-08 6.0E-08 6.0E-08
800 6.8E-08 6.8E-08 3.5E-08 5.2E-08 5.3E-08 2.9E-08 4.7E-08 4.7E-08
900 6.1E-08 6.1E-08 3.1E-08 4.6E-08 4.7E-08 2.5E-08 4.1E-08 4.1E-08
1000 | 5.4E-08 5.4E-08 2.8E-08 4.1E-08 4.2E-08 2.2E-08 3.6E-08 3.6E-08
1250 | 42E-08 4.2E-08 2.1E-08 3.1E-08 3.2E-08 1.7E-08 2.8E-08 2.8E-08
1500 | 3.0E-08 3.0E-08 1.5E-08 2.2E-08 2.3E-08 1.2E-08 1.9E-08 2.0E-08
1750 | 2.4E-08 2.4E-08 1.2E-08 1.8E-08 1.8E-08 9.6E-09 1.6E-08 1.6E-08
2000 | 1.8E-08 1.8E-08 9.2E-09 1.3E-08 1.4E-08 7.3E-09 1.2E-08 1.2E-08
3000 | 7.0E-09 7.0E-09 3.4E-09 5.1E-09 5.3E-09 2.7E-09 4.7E-09 4.6E-09

134




Table 24.GCR LET data for sulfur (KeV/micron/s)

Energy | D1 D2 | TEP1 | D3 D4 | TEP2 | D5 | D6
20 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
25 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
30 3.9E-10 3.4E-10 9.3E-12 0.0E+00 0.0E+00 O0.0E+00 0.0E+00 0.0E+00
35 1.7E-09 9.2E-10 3.5E-11 0.0E+00 O0.0E+00 0.0E+00 0.0E+00 0.0E+00
40 59E-06 2.3E-09 8.9E-11 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
45 3.5E-06 1.4E-06 1.5E-10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
50 2.8E-06 2.4E-06 25E-10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
55 2.5E-06 3.4E-06 4.2E-10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
60 2.3E-06 3.7E-06 1.4E-08 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
65 2.2E-06 2.9E-06 4.9E-08 6.6E-11 5.9E-11 3.0E-11 0.0E+00 0.0E+00
70 2.1E-06 2.5E-06 7.4E-08 9.6E-11 8.9E-11 4.4E-11 45E-11 4.4E-11
75 2.0E-06 2.3E-06 9.8E-08 1.5E-10 1.4E-10 6.2E-11 509E-11 5.9E-11
80 2.0E-06 2.2E-06 1.2E-07 2.8E-10 2.6E-10 8.3E-11 8.9E-11 7.3E-11
85 1.9E-06 2.1E-06 1.4E-07 5.5E-10 5.2E-10 1.3E-10 1.1E-10 2.5E-11
90 1.9E-06 2.0E-06 1.7E-07 8.9E-10 8.5E-10 2.5E-10 1.4E-10 1.4E-10
95 1.8E-06 2.0E-06 1.9E-07 1.2E-09 1.1E-09 3.9E-10 2.1E-10 1.9E-10
100 1.8E-06 1.9E-06 2.1E-07 1.6E-09 1.5E-09 5.7E-10 3.7E-10 3.6E-10
200 1.3E-06 1.3E-06 6.2E-07 2.3E-08 2.3E-08 1.2E-08 1.7E-08 1.7E-08
300 1.0E-06 1.0E-06 8.3E-07 4.2E-07 3.7E-07 7.7E-08 4.7E-08 4.6E-08
400 7.9E-07 7.9E-07 4.6E-07 8.1E-07 8.2E-07 5.9E-07 1.4E-06 1.6E-06
500 6.5E-07 6.5E-07 3.6E-07 5.7E-07 5.8E-07 3.4E-07 5.8E-07 5.8E-07
600 5.4E-07 5.4E-07 2.8E-07 4.4E-07 4.4E-07 25E-07 4.1E-07 4.1E-07
700 4.8E-07 4.8E-07 25E-07 3.7E-07 3.8E-07 2.1E-07 3.4E-07 3.4E-07
800 3.8E-07 3.8E-07 2.0E-07 29E-07 3.0E-07 1.6E-07 2.6E-07 2.6E-07
900 3.4E-07 3.4E-07 1.7E-07 25E-07 2.6E-07 1.4E-07 2.3E-07 2.3E-07
1000 | 3.0E-07 3.0E-07 1.5E-07 2.3E-07 2.3E-07 1.2E-07 2.0E-07 2.0E-07
1250 | 2.36-07 2.3E-07 1.2E-07 1.7E-07 1.7E-07 9.2E-08 1.5E-07 1.5E-07
1500 | 1.7E-07 1.7E-07 8.3E-08 1.2E-07 1.3E-07 6.5E-08 1.1E-07 1.1E-07
1750 | 1.4E-07 1.4E-07 6.7E-08 9.8E-08 1.0E-07 5.3E-08 8.6E-08 8.8E-08
2000 | 1.0E-07 1.0E-07 5.2E-08 7.6E-08 7.9E-08 4.1E-08 6.8E-08 6.8E-08
3000 | 4.1E-08 4.1E-08 2.0E-08 3.0E-08 3.1E-08 1.6E-08 2.6E-08 2.7E-08
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Table 25.GCR LET data for chlorine (KeV/micron/s)

Energy | D1 D2 | TEP1 | D3 D4 | TEP2 | D5 | D6
20 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
25 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
30 49E-11 4.5E-11 1.3E-12 5.0E-14 6.6E-14 8.4E-14 1.7E-13 1.2E-13
35 1.9E-10 1.2E-10 4.7E-12 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
40 6.9E-07 2.7E-10 1.3E-11 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
45 55E-07 1.8E-07 2.2E-11 1.2E-12 1.3E-12 8.4E-13 0.0E+00 0.0E+00
50 4.3E-07 3.3E-07 3.6E-11 2.8E-12 20E-12 15E-12 1.5E-12 1.3E-12
55 3.8E-07 4.8E-07 5.8E-11 4.1E-12 3.4E-12 2.0E-12 1.8E-12 1.7E-12
60 3.6E-07 6.4E-07 9.0E-11 6.4E-12 6.0E-12 3.1E-12 2.1E-12 2.8E-12
65 3.4E-07 4.5E-07 6.4E-09 1.1E-11 1.0E-11 4.1E-12 0.0E+00 0.0E+00
70 3.3E-07 4.0E-07 1.0E-08 1.4E-11 1.3E-11 6.7E-12 6.0E-12 6.0E-12
75 3.2E-07 3.7E-07 1.4E-08 2.1E-11 2.0E-11 0.0E+00 0.0E+00 0.0E+00
80 3.1E-07 3.5E-07 1.8E-08 4.0E-11 3.8E-11 0.0E+00 0.0E+00 0.0E+00
85 3.0E-07 3.4E-07 2.2E-08 9.1E-11 8.0E-11 2.1E-11 1.8E-11 1.7E-11
90 3.0E-07 3.3E-07 2.5E-08 1.4E-10 1.4E-10 3.8E-11 2.5E-11 2.3E-11
95 3.0E-07 3.2E-07 2.9E-08 1.9E-10 1.8E-10 6.1E-11 3.5E-11 3.3E-11
100 2.9E-07 3.1E-07 3.3E-08 24E-10 2.3E-10 9.0E-11 5.7E-11 5.7E-11
200 2.4E-07 25E-07 1.1E-07 3.8E-09 3.8E-09 0.0E+00 0.0E+00 0.0E+00
300 2.0E-07 2.1E-07 1.6E-07 6.7E-08 5.9E-08 1.1E-08 7.6E-09 7.4E-09
400 1.7E-07 1.7E-07 1.0E-07 1.8E-07 1.8E-07 1.4E-07 4.4E-07 7.0E-07
500 1.4E-07 1.4E-07 7.9E-08 1.3E-07 1.3E-07 7.6E-08 1.3E-07 1.3E-07
600 1.2E-07 1.2E-07 6.5E-08 1.0E-07 1.0E-07 5.7E-08 9.4E-08 9.4E-08
700 1.1E-07 1.1E-07 5.7E-08 8.5E-08 8.6E-08 4.8E-08 7.8E-08 7.8E-08
800 8.9E-08 8.9E-08 4.6E-08 6.8E-08 6.9E-08 3.8E-08 6.1E-08 6.1E-08
900 8.0E-08 8.0E-08 4.0E-08 6.0E-08 6.1E-08 3.3E-08 5.3E-08 5.3E-08
1000 | 7.1E-08 7.1E-08 3.6E-08 5.3E-08 54E-08 29E-08 4.7E-08 4.7E-08
1250 | 55E-08 5.5E-08 2.8E-08 4.0E-08 4.1E-08 2.2E-08 3.5E-08 3.5E-08
1500 | 4.0E-08 3.9E-08 2.0E-08 2.9E-08 3.0E-08 1.6E-08 2.5E-08 2.5E-08
1750 | 3.2E-08 3.2E-08 1.6E-08 2.3E-08 24E-08 1.3E-08 2.0E-08 2.1E-08
2000 | 2.5E-08 2.5E-08 1.2E-08 1.8E-08 1.8E-08 9.6E-09 1.6E-08 1.6E-08
3000 | 9.3E-09 9.3E-09 4.6E-09 6.7E-09 6.9E-09 3.6E-09 6.0E-09 5.9E-09

136




Table 26.GCR LET data for argon (KeV/micron/s)

Energy | D1 D2 | TEP1 | D3 D4 | TEP2 | D5 D6
20 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
25 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
30 1.5E-10 1.5E-10 4.4E-12 8.3E-13 6.8E-13 0.0E+00 0.0E+00 0.0E+00
35 5.2E-10 3.6E-10 1.6E-11 1.0E-12 7.9E-13 8.2E-13 0.0E+00 0.0E+00
40 2.4E-06 7.6E-10 3.7E-11 3.6E-12 3.0E-12 0.0E+00 0.0E+00 0.0E+00
45 1.6E-06 5.7E-07 6.7E-11 6.0E-12 5.3E-12 3.0E-12 0.0E+00 0.0E+00
50 1.3E-06 1.0E-06 1.1E-10 1.1E-11 8.9E-12 5.3E-12 0.0E+00 0.0E+00
55 1.1E-06 1.5E-06 1.7E-10 1.6E-11 1.4E-11 7.9E-12 0.0E+00 0.0E+00
60 1.0E-06 1.7E-06 3.9E-09 2.4E-11 2.1E-11 1.1E-11 1.1E-11 9.9E-12
65 9.8E-07 1.3E-06 2.0E-08 3.9E-11 3.3E-11 1.7E-11 1.6E-11 1.5E-11
70 9.4E-07 1.1E-06 3.2E-08 5.8E-11 5.2E-11 2.6E-11 2.2E-11 2.1E-11
75 9.1E-07 1.1E-06 4.3E-08 8.8E-11 7.8E-11 3.6E-11 3.6E-11 3.4E-11
80 8.9E-07 1.0E-06 5.3E-08 1.6E-10 1.5E-10 5.0E-11 5.1E-11 4.8E-11
85 8.7E-07 9.5E-07 6.3E-08 2.7E-10 2.7E-10 7.6E-11 6.2E-11 6.2E-11
90 8.5E-07 9.2E-07 7.4E-08 4.3E-10 4.1E-10 1.2E-10 8.0E-11 7.9E-11
95 8.3E-07 8.9E-07 8.4E-08 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
100 8.2E-07 8.7E-07 9.4E-08 7.3E-10 7.1E-10 2.8E-10 2.2E-10 2.1E-10
200 6.3E-07 6.4E-07 2.9E-07 9.3E-09 9.3E-09 4.9E-09 7.0E-09 7.1E-09
300 51E-07 5.1E-07 4.1E-07 1.7E-07 1.4E-07 2.1E-08 1.6E-08 1.6E-08
400 4.0E-07 4.0E-07 2.4E-07 4.2E-07 4.3E-07 3.2E-07 8.5E-07 9.5E-07
500 3.4E-07 3.4E-07 1.9E-07 3.0E-07 3.0E-07 1.8E-07 3.1E-07 3.1E-07
600 2.8E-07 2.8E-07 1.5E-07 2.3E-07 2.3E-07 1.3E-07 2.2E-07 2.2E-07
700 2.5E-07 2.5E-07 1.3E-07 2.0E-07 2.0E-07 1.1E-07 1.8E-07 1.8E-07
800 2.0E-07 2.0E-07 1.0E-07 1.6E-07 1.6E-07 8.7E-08 1.4E-07 1.4E-07
900 1.8E-07 1.8E-07 9.2E-08 1.4E-07 1.4E-07 7.5E-08 1.2E-07 1.2E-07
1000 | 1.6E-07 1.6E-07 8.2E-08 1.2E-07 1.2E-07 6.6E-08 1.1E-07 1.1E-07
1250 | 1.2E-07 1.2E-07 6.0E-08 8.8E-08 9.0E-08 4.7E-08 7.7E-08 7.6E-08
1500 | 8.8E-08 8.8E-08 4.4E-08 6.5E-08 6.6E-08 3.5E-08 5.6E-08 5.7E-08
1750 | 7.2E-08 7.2E-08 3.6E-08 52E-08 54E-08 2.8E-08 4.6E-08 4.6E-08
2000 | 55E-08 5.5E-08 2.7E-08 4.0E-08 4.2E-08 2.2E-08 3.5E-08 3.5E-08
3000 | 2.1E-08 2.1E-08 1.1E-08 1.5E-08 1.6E-08 8.3E-09 1.4E-08 1.4E-08
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Table 27.GCR LET data for potassium (KeV/micron/s)

Energy | D1 D2 | TEP1 | D3 | D4 | TEP2 | D5 | D6
20 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
25 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
30 1.1E-10 9.7E-11 2.7E-12 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
35 3.3E-10 2.3E-10 9.7E-12 1.7E-12 8.3E-13 4.6E-13 6.3E-13 3.8E-13
40 9.2E-07 5.5E-10 2.4E-11 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
45 1.5E-06 2.8E-07 4.0E-11 2.2E-12 2.0E-12 1.5E-12 1.3E-12 1.2E-12
50 1.1E-06 6.4E-07 7.0E-11 5.3E-12 5.3E-12 2.8E-12 2.3E-12 1.8E-12
55 9.3E-07 9.7E-07 1.1E-10 7.3E-12 6.6E-12 3.8E-12 3.0E-12 3.1E-12
60 8.6E-07 1.3E-06 1.7E-10 1.4E-11 1.1E-11 5.5E-12 5.2E-12 5.2E-12
65 8.1E-07 1.2E-06 8.1E-09 1.9E-11 19E-11 8.5E-12 7.9E-12 7.4E-12
70 7.8E-07 9.9E-07 1.8E-08 2.7E-11 2.4E-11 1.3E-11 1.1E-11 1.1E-11
75 7.6E-07 9.0E-07 2.7E-08 4.0E-11 3.7E-11 1.7E-11 1.7E-11 1.6E-11
80 7.4E-07 8.4E-07 3.5E-08 8.3E-11 7.4E-11 25E-11 25E-11 2.2E-11
85 7.2E-07 8.0E-07 4.3E-08 1.7E-10 1.6E-10 4.0E-11 3.2E-11 2.8E-11
90 7.1E-07 7.7E-07 5.0E-08 2.6E-10 2.5E-10 7.1E-11 4.3E-11 4.2E-11
95 7.0E-07 7.5E-07 5.8E-08 3.5E-10 3.4E-10 1.2E-10 6.5E-11 6.4E-11
100 6.9E-07 7.3E-07 6.6E-08 5.1E-10 4.7E-10 1.8E-10 1.3E-10 1.2E-10
200 5.6E-07 5.6E-07 2.3E-07 6.7E-09 6.6E-09 3.6E-09 5.2E-09 5.2E-09
300 4.6E-07 4.6E-07 3.4E-07 6.5E-08 5.8E-08 1.4E-08 1.2E-08 1.2E-08
400 3.8E-07 3.7E-07 2.3E-07 4.2E-07 4.2E-07 3.1E-07 1.1E-07 9.9E-08
500 3.2E-07 3.1E-07 1.7E-07 2.8E-07 2.8E-07 1.8E-07 3.1E-07 3.1E-07
600 2.6E-07 2.6E-07 1.4E-07 2.2E-07 2.2E-07 1.3E-07 2.1E-07 2.1E-07
700 2.3E-07 2.3E-07 1.2E-07 1.8E-07 1.8E-07 1.0E-07 1.7E-07 1.7E-07
800 1.9E-07 1.9E-07 9.7E-08 1.4E-07 1.4E-07 8.0E-08 1.3E-07 1.3E-07
900 1.7E-07 1.7E-07 8.5E-08 1.2E-07 1.3E-07 6.9E-08 1.1E-07 1.1E-07
1000 | 1.5E-07 1.5E-07 7.5E-08 1.1E-07 1.1E-07 6.1E-08 9.7E-08 9.6E-08
2000 | 49E-08 4.8E-08 24E-08 35E-08 35E-08 1.9E-08 3.1E-08 3.0E-08
3000 | 1.8E-08 1.7E-08 8.6E-09 1.2E-08 1.3E-08 6.7E-09 1.1E-08 1.1E-08
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Table 28.GCR LET data for calcium (KeV/micron/s)

Energy | D1 D2 | TEP1 | D3 D4 | TEP2 | D5 D6
20 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
25 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
30 9.7E-11 9.3E-11 2.7E-12 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
35 3.3E-10 2.3E-10 9.3E-12 55E-13 3.2E-13 4.2E-13 4.0E-13 3.7E-13
40 1.1E-09 4.3E-10 2.1E-11 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
45 2.2E-06 9.0E-08 3.9E-11 2.3E-12 2.2E-12 1.3E-12 1.1E-12 1.5E-12
50 1.3E-06 5.5E-07 6.7E-11 5.1E-12 3.8E-12 2.4E-12 2.3E-12 1.9E-12
55 1.1E-06 9.1E-07 1.1E-10 6.6E-12 6.0E-12 3.6E-12 3.3E-12 3.2E-12
60 9.9E-07 1.3E-06 1.6E-10 1.4E-11 1.1E-11 5.2E-12 4.2E-12 4.1E-12
65 9.3E-07 1.6E-06 2.5E-10 1.8E-11 1.7E-11 8.3E-12 7.7E-12 7.5E-12
70 8.8E-07 1.2E-06 1.4E-08 2.7E-11 2.4E-11 1.2E-11 1.0E-11 9.6E-12
75 8.5E-07 1.1E-06 2.4E-08 4.0E-11 3.7E-11 15E-11 1.7E-11 1.5E-11
80 8.3E-07 9.7E-07 3.3E-08 7.8E-11 7.5E-11 2.3E-11 2.1E-11 2.2E-11
85 8.1E-07 9.2E-07 4.1E-08 1.4E-10 1.3E-10 3.5E-11 2.9E-11 2.6E-11
90 8.0E-07 8.8E-07 4.9E-08 24E-10 2.3E-10 6.7E-11 4.0E-11 3.6E-11
95 7.8E-07 8.5E-07 5.7E-08 3.4E-10 3.3E-10 1.1E-10 5.7E-11 5.3E-11
100 7.7E-07 8.2E-07 6.6E-08 4.5E-10 4.4E-10 1.7E-10 1.1E-10 9.9E-11
110 7.5E-07 7.9E-07 8.2E-08 8.3E-10 7.7E-10 3.0E-10 2.9E-10 2.8E-10
120 7.3E-07 7.6E-07 9.9E-08 1.5E-09 1.4E-09 5.4E-10 4.9E-10 4.9E-10
130 7.1E-07 7.3E-07 1.2E-07 2.3E-09 2.2E-09 9.4E-10 8.6E-10 8.4E-10
140 7.0E-07 7.1E-07 1.3E-07 2.8E-09 2.8E-09 1.4E-09 1.4E-09 1.4E-09
150 6.8E-07 6.9E-07 1.5E-07 3.5E-09 3.5E-09 1.8E-09 2.3E-09 0.0E+00
160 6.7E-07 6.8E-07 1.7E-07 4.0E-09 4.0E-09 2.1E-09 2.9E-09 2.8E-09
170 6.6E-07 6.6E-07 1.8E-07 4.6E-09 4.5E-09 2.5E-09 3.4E-09 3.4E-09
180 6.4E-07 6.5E-07 2.0E-07 5.2E-09 5.1E-09 2.8E-09 4.0E-09 4.0E-09
190 6.3E-07 6.4E-07 2.2E-07 5.9E-09 5.9E-09 3.2E-09 4.6E-09 4.5E-09
200 6.2E-07 6.2E-07 2.3E-07 6.7E-09 6.7E-09 3.6E-09 5.1E-09 5.1E-09
300 5.1E-07 5.1E-07 3.5E-07 4.8E-08 4.4E-08 1.2E-08 1.2E-08 1.2E-08
400 4.2E-07 4.1E-07 2.6E-07 5.0E-07 5.1E-07 2.9E-07 7.9E-08 7.5E-08
500 3.5E-07 3.5E-07 1.9E-07 3.2E-07 3.2E-07 2.0E-07 3.7E-07 3.7E-07
600 2.9E-07 2.9E-07 1.6E-07 2.4E-07 2.4E-07 1.4E-07 23E-07 2.3E-07
700 2.6E-07 2.6E-07 1.3E-07 2.0E-07 2.0E-07 1.1E-07 1.8E-07 1.8E-07
800 2.1E-07 2.1E-07 1.1E-07 1.6E-07 1.6E-07 8.8E-08 1.4E-07 1.4E-07
900 1.9E-07 1.8E-07 9.4E-08 1.4E-07 1.4E-07 7.6E-08 1.2E-07 1.2E-07
1000 | 1.7E-07 1.6E-07 8.3E-08 1.2E-07 1.2E-07 6.6E-08 1.1E-07 1.0E-07
1250 | 1.2E-07 1.2E-07 6.0E-08 8.6E-08 8.8E-08 4.7E-08 7.3E-08 7.3E-08
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3000 | 2.0E-08 1.9E-08 9.4E-09 1.3E-08 1.4E-08 7.2E-09 1.1E-08 1.2E-08
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Table 29.GCR LET data for scandium (KeV/micron/s)

Energy | D1 D2 | TEP1 | D3 D4 | TEP2 | D5 D6
20 0.0E+00 O0.0E+00 O0.0E+00 0.0E+00 O0.0E+00 0.0E+00 O0.0E+00 0.0E+00
25 0.0E+00 O0.0E+00 O0.0E+00 0.0E+00 O0.0E+00 0.0E+00 O0.0E+00 0.0E+00
30 7.0E-11 6.2E-11 2.1E-12 4.2E-13 3.1E-13 1.1E-13 0.0E+00 0.0E+00
35 2.0E-10 15E-10 7.1E-12 59E-13 50E-13 3.3E-13 0.0E+00 0.0E+00
40 7.3E-10 2.8E-10 1.7E-11 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
45 1.4E-06 1.2E-07 29E-11 2.7E-12 1.8E-12 1.2E-12 1.1E-12 9.3E-13
50 8.9E-07 4.2E-07 4.8E-11 4.2E-12 28E-12 1.8E-12 2.0E-12 1.6E-12
55 75E-07 6.6E-07 7.2E-11 6.5E-12 55E-12 3.0E-12 3.5E-12 2.7E-12
60 6.8E-07 9.0E-07 1.1E-10 1.1E-11 9.4E-12 4.8E-12 45E-12 4.1E-12
65 6.3E-07 1.1E-06 1.7E-10 1.5E-11 1.4E-11 6.8E-12 6.6E-12 6.1E-12
70 6.0E-07 8.1E-07 1.1E-08 2.3E-11 2.1E-11 1.1E-11 1.1E-11 9.7E-12
75 5.8E-07 7.1E-07 1.7E-08 3.1E-11 29E-11 1.4E-11 1.4E-11 1.3E-11
80 5.6E-07 6.5E-07 2.3E-08 6.0E-11 5.4E-11 1.9E-11 1.9E-11 1.9E-11
85 5.5E-07 6.2E-07 2.9E-08 1.2E-10 1.1E-10 3.1E-11 2.4E-11 2.4E-11
90 5.4E-07 5.9E-07 3.4E-08 19E-10 1.8E-10 5.2E-11 3.4E-11 3.4E-11
95 5.2E-07 5.7E-07 4.0E-08 2.6E-10 25E-10 8.6E-11 5.2E-11 4.6E-11
100 | 5.1E-07 5.5E-07 4.5E-08 3.5E-10 3.3E-10 1.3E-10 8.4E-11 7.8E-11
110 | 5.0E-07 5.2E-07 5.6E-08 6.2E-10 6.0E-10 2.4E-10 2.2E-10 2.2E-10
120 | 4.8E-07 5.0E-07 6.7E-08 9.8E-10 9.5E-10 3.7E-10 3.4E-10 3.3E-10
130 | 47E-07 4.8E-07 7.8E-08 1.4E-09 1.4E-09 4.0E-10 0.0E+00 0.0E+00
140 | 46E-07 4.6E-07 8.9E-08 1.8E-09 1.8E-09 8.8E-10 9.7E-10 9.3E-10
150 | 4.4E-07 45E-07 9.9E-08 22E-09 22E-09 1.1E-09 1.4E-09 1.4E-09
160 | 43E-07 4.4E-07 1.1E-07 26E-09 25E-09 1.4E-09 1.9E-09 1.8E-09
170 | 42E-07 4.2E-07 1.2E-07 29E-09 29E-09 1.5E-09 2.2E-09 2.1E-09
180 | 4.3E-07 4.3E-07 1.2E-07 3.0E-09 2.9E-09 1.6E-09 2.2E-09 2.2E-09
190 | 4.0E-07 4.0E-07 1.4E-07 3.6E-09 3.6E-09 2.0E-09 2.9E-09 2.8E-09
200 | 3.9E-07 3.9E-07 15E-07 4.0E-09 4.0E-09 2.2E-09 3.2E-09 3.1E-09
300 | 3.1E-07 3.1E-07 22E-07 2.1E-08 1.9E-08 59E-09 6.9E-09 6.8E-09
400 | 25E-07 25E-07 15E-07 3.0E-07 3.0E-07 1.8E-07 3.5E-08 3.3E-08
500 | 2.1E-07 2.1E-07 1.2E-07 1.9E-07 1.9E-07 1.2E-07 2.2E-07 2.2E-07
600 | 1.7E-07 1.7E-07 9.3E-08 1.4E-07 1.4E-07 8.4E-08 1.4E-07 1.4E-07
700 | 15E-07 1.5E-07 8.0E-08 1.2E-07 1.2E-07 6.9E-08 1.1E-07 1.1E-07
800 | 1.3E-07 1.2E-07 6.4E-08 9.5E-08 9.5E-08 5.3E-08 8.6E-08 8.4E-08
900 | 1.1E-07 1.1E-07 b5.6E-08 8.3E-08 8.3E-08 4.6E-08 7.3E-08 7.2E-08
1000 | 9.9E-08 9.8E-08 5.0E-08 7.3E-08 7.3E-08 4.0E-08 6.5E-08 6.4E-08
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Table 30.GCR LET data for titanium (KeV/micron/s)

Energy | D1 D2 | TEP1 | D3 D4 | TEP2 | D5 D6
20 0.0E+00 O0.0E+00 O0.0E+00 0.0E+00 O0.0E+00 0.0E+00 O0.0E+00 0.0E+00
25 0.0E+00 O0.0E+00 O0.0E+00 0.0E+00 O0.0E+00 0.0E+00 O0.0E+00 0.0E+00
30 7.1E-11 6.4E-11 2.2E-12 2.9E-13 3.2E-13 1.4E-13 0.0E+00 0.0E+00
35 1.8E-10 1.4E-10 7.6E-12 5.6E-13 4.0E-13 3.9E-13 5.3E-13 3.6E-13
40 6.9E-10 2.9E-10 1.8E-11 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
45 1.7E-06 5.5E-08 3.0E-11 2.6E-12 2.0E-12 1.3E-12 1.2E-12 1.1E-12
50 1.0E-06 4.1E-07 5.1E-11 4.9E-12 4.3E-12 22E-12 2.3E-12 2.0E-12
55 8.4E-07 6.8E-07 7.6E-11 53E-12 5.7E-12 3.3E-12 3.2E-12 2.5E-12
60 7.6E-07 9.4E-07 1.1E-10 1.2E-11 1.1E-11 5.1E-12 5.2E-12 5.1E-12
65 7.0E-07 1.2E-06 1.6E-10 1.5E-11 1.4E-11 7.5E-12 7.9E-12 7.0E-12
70 6.7E-07 9.2E-07 1.0E-08 2.4E-11 23E-11 1.2E-11 9.8E-12 9.8E-12
75 6.4E-07 8.0E-07 1.7E-08 3.8E-11 3.4E-11 15E-11 15E-11 1.4E-11
80 6.2E-07 7.3E-07 2.4E-08 6.6E-11 6.7E-11 0.0E+00 0.0E+00 3.8E-12
85 6.0E-07 6.9E-07 3.0E-08 1.3E-10 1.2E-10 3.2E-11 2.8E-11 2.8E-11
90 5.9E-07 6.5E-07 3.6E-08 1.9E-10 1.8E-10 5.3E-11 3.5E-11 3.4E-11
95 5.8E-07 6.3E-07 4.2E-08 2.6E-10 25E-10 8.8E-11 6.1E-11 4.9E-11
100 | 5.7E-07 6.1E-07 4.8E-08 3.7E-10 3.5E-10 1.3E-10 8.8E-11 8.5E-11
110 | 55E-07 5.7E-07 5.9E-08 6.0E-10 5.8E-10 2.4E-10 2.3E-10 2.2E-10
120 | 5.3E-07 5.5E-07 7.1E-08 1.0E-09 1.0E-09 3.9E-10 3.9E-10 3.8E-10
130 | 5.1E-07 5.3E-07 8.3E-08 1.5E-09 1.5E-09 6.5E-10 6.1E-10 6.0E-10
140 | 5.0E-07 5.1E-07 9.4E-08 1.8E-09 1.8E-09 8.8E-10 9.7E-10 9.4E-10
150 | 4.9E-07 4.9E-07 1.1E-07 22E-09 22E-09 1.1E-09 1.5E-09 1.4E-09
160 | 4.7E-07 4.8E-07 1.2E-07 2.6E-09 2.6E-09 1.4E-09 1.9E-09 1.9E-09
170 | 46E-07 4.7E-07 1.3E-07 2.8E-09 2.8E-09 1.6E-09 2.2E-09 2.2E-09
180 | 45E-07 4.5E-07 1.4E-07 3.3E-09 3.3E-09 1.8E-09 2.5E-09 2.5E-09
190 | 4.4E-07 4.4E-07 15E-07 3.7E-09 3.6E-09 2.0E-09 2.8E-09 2.9E-09
200 | 4.3E-07 4.3E-07 16E-07 4.1E-09 4.1E-09 2.2E-09 3.2E-09 3.2E-09
300 | 34E-07 3.4E-07 24E-07 1.7E-08 1.6E-08 5.6E-09 6.9E-09 6.8E-09
400 | 25E-07 25E-07 1.4E-07 2.3E-07 2.3E-07 15E-07 2.7E-07 2.8E-07
500 | 2.1E-07 2.1E-07 1.1E-07 1.8E-07 1.8E-07 1.0E-07 1.7E-07 1.7E-07
600 | 1.9E-07 1.9E-07 1.0E-07 1.6E-07 1.6E-07 9.3E-08 1.5E-07 1.5E-07
700 | 1.7E-07 1.7E-07 8.9E-08 1.3E-07 1.3E-07 7.6E-08 1.2E-07 1.2E-07
800 | 1.4E-07 1.3E-07 7.0E-08 1.0E-07 1.0E-07 5.9E-08 9.4E-08 9.3E-08
900 | 1.2E-07 1.2E-07 6.2E-08 9.1E-08 9.1E-08 5.0E-08 8.0E-08 7.9E-08
1000 | 1.1E-07 1.1E-07 5.5E-08 8.0E-08 8.0E-08 4.4E-08 7.0E-08 7.0E-08
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3.7E-08
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2.5E-08
1.9E-08
1.4E-08

4.0E-08
3.0E-08
2.4E-08
1.8E-08
1.6E-08
1.2E-08
9.4E-09
7.1E-09

5.8E-08
4.3E-08
3.5E-08
2.6E-08
2.3E-08
1.8E-08
1.3E-08
1.0E-08

5.9E-08
4.3E-08
3.5E-08
2.7E-08
2.3E-08
1.8E-08
1.4E-08
1.0E-08

3.2E-08
2.3E-08
1.9E-08
1.4E-08
1.2E-08
9.6E-09
7.3E-09
5.5E-09

5.0E-08
3.7E-08
3.0E-08
2.2E-08
2.0E-08
1.5E-08
1.2E-08
8.7E-09

5.0E-08
3.6E-08
2.9E-08
2.2E-08
2.0E-08
1.5E-08
1.2E-08
8.7E-09
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Table 31.GCR LET data for vanadium (KeV/micron/s)

Energy | D1 D2 | TEP1 | D3 D4 | TEP2 | D5 D6
20 0.0E+00 O0.0E+00 O0.0E+00 0.0E+00 O0.0E+00 0.0E+00 O0.0E+00 0.0E+00
25 0.0E+00 O0.0E+00 O0.0E+00 0.0E+00 O0.0E+00 0.0E+00 O0.0E+00 0.0E+00
30 7.3E-11 55E-11 2.2E-12 2.4E-13 1.8E-13 15E-13 0.0E+00 0.0E+00
35 1.9E-10 1.5E-10 8.0E-12 9.3E-13 6.5E-13 4.8E-13 3.8E-13 3.5E-13
40 6.9E-10 3.0E-10 1.9E-11 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
45 2.0E-06 5.9E-10 3.3E-11 3.0E-12 2.3E-12 15E-12 1.8E-12 1.3E-12
50 1.2E-06 4.0E-07 5.2E-11 4.4E-12 3.7E-12 22E-12 2.6E-12 2.5E-12
55 9.4E-07 6.9E-07 7.2E-11 7.3E-12 6.2E-12 3.4E-12 3.2E-12 2.6E-12
60 8.4E-07 9.7E-07 1.1E-10 1.3E-11 1.2E-11 59E-12 6.1E-12 6.2E-12
65 7.8E-07 1.2E-06 1.7E-10 2.1E-11 19E-11 8.7E-12 8.2E-12 7.1E-12
70 7.4E-07 1.1E-06 9.0E-09 2.7E-11 25E-11 12E-11 1.1E-11 1.1E-11
75 7.1E-07 8.9E-07 1.7E-08 3.7E-11 3.8E-11 1.7E-11 1.7E-11 1.6E-11
80 6.8E-07 8.1E-07 2.4E-08 7.0E-11 6.2E-11 2.3E-11 24E-11 2.3E-11
85 6.7E-07 7.6E-07 3.1E-08 1.2E-10 1.2E-10 3.4E-11 3.3E-11 3.2E-11
90 6.5E-07 7.2E-07 3.7E-08 2.0E-10 2.0E-10 5.7E-11 3.9E-11 3.7E-11
95 6.3E-07 6.9E-07 4.3E-08 2.7E-10 2.6E-10 8.8E-11 5.5E-11 5.1E-11
100 | 6.2E-07 6.7E-07 5.0E-08 3.9E-10 3.7E-10 1.3E-10 9.1E-11 8.5E-11
110 | 6.0E-07 6.3E-07 6.2E-08 6.2E-10 5.9E-10 2.4E-10 2.2E-10 2.3E-10
120 | 5.8E-07 6.1E-07 7.5E-08 1.1E-09 1.0E-09 4.0E-10 4.0E-10 3.9E-10
130 | 5.6E-07 5.8E-07 8.7E-08 1.5E-09 1.5E-09 6.3E-10 6.1E-10 0.0E+00
140 | 55E-07 5.6E-07 1.0E-07 1.9E-09 1.9E-09 9.1E-10 9.8E-10 9.6E-10
150 | 5.3E-07 5.4E-07 1.1E-07 23E-09 22E-09 1.2E-09 1.5E-09 1.4E-09
160 | 5.2E-07 5.3E-07 1.2E-07 2.6E-09 2.6E-09 1.4E-09 1.9E-09 1.9E-09
170 | 5.1E-07 5.1E-07 1.3E-07 3.0E-09 2.9E-09 1.6E-09 2.3E-09 2.2E-09
180 | 4.9E-07 5.0E-07 1.5E-07 3.4E-09 3.3E-09 1.8E-09 2.6E-09 2.6E-09
190 | 4.8E-07 4.9E-07 1.6E-07 3.7E-09 3.7E-09 2.0E-09 2.9E-09 2.9E-09
200 | 4.7E-07 4.7E-07 1.7E-07 4.1E-09 4.1E-09 2.2E-09 3.3E-09 3.3E-09
300 | 3.8E-07 3.7E-07 25E-07 1.5E-08 1.4E-08 5.3E-09 6.8E-09 6.7E-09
400 | 3.0E-07 3.0E-07 1.9E-07 3.9E-07 4.0E-07 1.8E-07 2.2E-08 2.1E-08
500 | 25E-07 2.5E-07 1.4E-07 2.3E-07 2.3E-07 1.5E-07 3.0E-07 3.0E-07
600 | 2.1E-07 2.0E-07 1.1E-07 1.7E-07 1.7E-07 1.0E-07 1.7E-07 1.7E-07
700 | 1.9E-07 1.8E-07 9.7E-08 1.5E-07 1.5E-07 8.4E-08 1.4E-07 1.3E-07
800 | 15E-07 1.5E-07 7.7E-08 1.1E-07 1.1E-07 6.4E-08 1.0E-07 1.0E-07
900 | 1.3E-07 1.3E-07 6.8E-08 9.9E-08 9.9E-08 5.5E-08 8.8E-08 8.7E-08
1000 | 1.2E-07 1.2E-07 6.0E-08 8.8E-08 8.8E-08 4.9E-08 7.7E-08 7.6E-08
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Table 32.GCR LET data for chromium (KeV/micron/s)

Energy| D1 | D2 | TEP1 | D3 | D4 | TEP2 | D5 | D6
20 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
25 0.0E+00 0.0E+00 O0.0E+00 0.0E+00 0.0E+00 O0.0E+00 0.0E+00 0.0E+00
30 3.1E-10 25E-10 9.4E-12 15E-12 1.2E-12 6.1E-13 5.1E-13 2.2E-13
35 7.6E-10 5.7E-10 3.2E-11 3.7E-12 25E-12 1.6E-12 13E-12 1.2E-12
40 2.0E-09 1.1E-09 7.2E-11 O0.0E+00 0.0E+00 0.0E+00 O0.0E+00 0.0E+00
45 6.0E-06 2.0E-09 1.3E-10 9.3E-12 7.9E-12 5.6E-12 8.8E-12 4.9E-12
50 59E-06 1.3E-06 2.1E-10 1.6E-11 1.4E-11 8.6E-12 1.2E-11 7.9E-12
55 45E-06 2.6E-06 3.1E-10 29E-11 2.3E-11 1.2E-11 1.3E-11 1.3E-11
60 3.9E-06 3.8E-06 4.6E-10 5.1E-11 49E-11 23E-11 2.2E-11 2.1E-11
65 3.5E-06 49E-06 6.3E-10 7.1E-11 6.9E-11 3.2E-11 3.3E-11 2.6E-11
70 3.3E-06 5.4E-06 1.2E-08 9.6E-11 9.3E-11 4.4E-11 4.0E-11 3.6E-11
75 3.1E-06 4.1E-06 5.6E-08 1.5E-10 1.4E-10 6.2E-11 5.8E-11 5.5E-11
80 3.0E-06 3.7E-06 8.7E-08 2.6E-10 23E-10 8.7E-11 1.1E-10 9.8E-11
85 2.9E-06 3.4E-06 1.1E-07 49E-10 4.6E-10 1.3E-10 1.1E-10 0.0E+00
90 2.8E-06 3.2E-06 1.4E-07 7.6E-10 7.1E-10 2.0E-10 1.4E-10 1.4E-10
95 2.7E-06 3.0E-06 1.6E-07 1.0E-09 9.7E-10 3.3E-10 2.0E-10 1.9E-10
100 2.6E-06 29E-06 1.9E-07 1.4E-09 14E-09 5.1E-10 3.1E-10 3.1E-10
110 2.5E-06 2.7E-06 24E-07 24E-09 23E-09 9.4E-10 9.1E-10 8.6E-10
120 2.4E-06 25E-06 28E-07 3.7E-09 3.6E-09 15E-09 1.5E-09 1.5E-09
130 2.3E-06 24E-06 3.3E-07 ©5.6E-09 54E-09 23E-09 22E-09 2.2E-09
140 2.2E-06 23E-06 3.7E-07 6.9E-09 6.7E-09 3.3E-09 3.6E-09 3.5E-09
150 2.1E-06 2.2E-06 4.1E-07 8.0E-09 8.0E-09 4.2E-09 5.2E-09 5.2E-09
160 2.1E-06 2.1E-06 4.5E-07 9.4E-09 9.4E-09 5.0E-09 6.7E-09 6.7E-09
170 2.0E-06 2.0E-06 4.9E-07 O0.0E+00 0.0E+00 0.0E+00 O0.0E+00 0.0E+00
180 19E-06 1.9E-06 53E-07 1.2E-08 1.2E-08 6.4E-09 9.2E-09 9.1E-09
190 19E-06 2.0E-06 5.4E-07 1.2E-08 1.2E-08 6.5E-09 9.2E-09 9.1E-09
200 1.8E-06 1.8E-06 6.0E-07 1.4E-08 1.4E-08 7.7E-09 1.1E-08 1.1E-08
300 14E-06 1.4E-06 8.6E-07 4.3E-08 4.1E-08 1.7E-08 2.2E-08 2.2E-08
400 1.0E-06 1.0E-06 6.6E-07 15E-06 1.6E-06 4.9E-07 5.9E-08 5.7E-08
500 8.3E-07 8.2E-07 4.7E-07 7.9E-07 8.0E-07 5.5E-07 1.2E-06 1.2E-06
600 6.8E-07 6.6E-07 3.6E-07 5.7E-07 5.7E-07 3.4E-07 5.7E-07 5.7E-07
700 6.0E-07 5.9E-07 3.1E-07 4.7E-07 4.7E-07 2.7E-07 4.4E-07 4.4E-07
800 4. 7E-07 4.6E-07 2.4E-07 3.6E-07 3.6E-07 2.0E-07 3.2E-07 3.2E-07
900 4.1E-07 4.1E-07 2.1E-O07 3.1E-07 3.1E-07 1.7E-07 2.7E-07 2.7E-07
1000 3.7E-07 3.6E-07 1.9E-07 2.7E-07 2.7E-07 1.5E-07 2.4E-07 2.3E-07
1250 2.7E-07 2.6E-07 1.3E-07 1.9E-07 1.9E-07 1.0E-07 1.7E-07 1.6E-07
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2.9E-08
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1.1E-07
8.4E-08
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4.2E-08
3.2E-08

7.4E-08
5.9E-08
4.5E-08
3.9E-08
3.0E-08
2.3E-08
1.7E-08

1.2E-07
9.4E-08
7.1E-08
6.1E-08
4.7E-08
3.6E-08
2.7E-08

1.2E-07
9.3E-08
7.1E-08
6.1E-08
4.7E-08
3.6E-08
2.7E-08
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Table 33.GCR LET data for manganese (KeV/micron/s)

Energy| D1 | D2 | TEP1 | D3 | D4 | TEP2 | D5 | D6
20 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
25 0.0E+00 0.0E+00 O0.0E+00 0.0E+00 0.0E+00 O0.0E+00 0.0E+00 0.0E+00
30 2.0E-10 1.7E-10 7.3E-12 6.8E-13 5.8E-13 4.7E-13 3.2E-13 1.9E-13
35 6.3E-10 4.2E-10 2.4E-11 2.1E-12 15E-12 1.3E-12 1.6E-12 1.3E-12
40 1.5E-09 8.2E-10 5.2E-11 0.0E+00 0.0E+00 O0.0E+00 0.0E+00 0.0E+00
45 3.7E-06 15E-09 1.0E-10 1.0E-11 8.0E-12 4.4E-12 45E-12 3.8E-12
50 49E-06 8.4E-07 1.5E-10 1.4E-11 1.2E-11 6.6E-12 6.6E-12 6.1E-12
55 53E-06 8.9E-07 1.6E-10 1.5E-11 1.3E-11 7.0E-12 7.0E-12 6.5E-12
60 3.1E-06 2.8E-06 3.3E-10 3.8E-11 3.9E-11 1.6E-11 1.4E-11 1.4E-11
65 2.8E-06 3.6E-06 4.6E-10 5.6E-11 5.3E-11 25E-11 2.4E-11 2.1E-11
70 2.6E-06 4.5E-06 6.5E-10 7.6E-11 6.9E-11 3.6E-11 3.3E-11 3.0E-11
75 2.4E-06 3.3E-06 3.7E-08 1l.1E-10 1.0E-10 5.0E-11 4.9E-11 4.7E-11
80 2.3E-06 29E-06 6.1E-08 2.1E-10 1.9E-10 6.8E-11 7.3E-11 6.7E-11
85 2.2E-06 2.6E-06 8.1E-08 3.8E-10 3.5E-10 1.0E-10 9.4E-11 9.2E-11
90 2.1E-06 2.4E-06 1.0E-07 O0.0E+00 0.0E+00 0.0E+00 O0.0E+00 0.0E+00
95 2.0E-06 23E-06 1.2E-07 8.2E-10 7.8E-10 2.6E-10 1.5E-10 1.4E-10
100 2.0E-06 2.2E-06 1.4E-07 9.9E-10 9.5E-10 3.6E-10 25E-10 2.3E-10
110 19E-06 2.0E-06 1.7E-07 1.6E-09 1.6E-09 6.4E-10 6.4E-10 6.1E-10
120 1.8E-06 1.9E-06 2.0E-O7 2.6E-09 25E-09 1.0E-09 1.1E-09 1.1E-09
130 1.7E-06 1.7E-06 2.3E-07 3.7E-09 3.7E-09 1.5E-09 1.5E-09 1.5E-09
140 1.6E-06 1.7E-06 2.6E-07 4.7E-09 4.6E-09 2.2E-09 24E-09 2.4E-09
150 1.5E-06 1.6E-06 29E-07 54E-09 ©54E-09 28E-09 3.6E-09 3.4E-09
160 15E-06 1.5E-06 3.2E-07 6.3E-09 6.1E-09 3.3E-09 4.6E-09 4.5E-09
170 1.4E-06 1.4E-06 3.4E-07 0.0E+00 0.0E+00 O0.0E+00 0.0E+00 0.0E+00
180 1.4E-06 1.4E-06 3.6E-07 7.6E-09 7.5E-09 4.1E-09 6.0E-09 6.0E-09
190 1.3E-06 1.3E-06 3.9E-07 8.4E-09 8.4E-09 4.6E-09 6.8E-09 6.6E-09
200 1.3E-06 1.3E-06 4.1E-07 9.1E-09 9.1E-09 ©5.1E-09 7.4E-09 7.4E-09
300 9.1E-07 9.1E-07 5.6E-07 25E-08 24E-08 1.0E-08 1.4E-08 1.4E-08
400 6.7E-07 6.6E-07 4.4E-07 1.1E-06 1.1E-06 2.7E-07 3.2E-08 3.1E-08
500 5.4E-07 5.3E-07 3.1E-07 5.2E-07 ©5.2E-07 3.8E-07 9.0E-07 9.7E-07
600 4.3E-07 4.2E-07 23E-07 3.6E-07 3.6E-07 22E-07 3.7E-07 3.7E-07
700 3.8E-07 3.7E-07 2.0E-07 3.0E-07 3.0E-07 1.7E-07 2.8E-07 2.8E-07
800 3.0E-07 2.9E-07 1.5E-07 2.3E-07 23E-07 1.3E-07 2.0E-07 2.0E-07
900 2.6E-07 2.6E-O07 1.3E-07 19E-07 1.9e-07 1.1E-07 1.7E-O07 1.7E-07
1000 2.3E-07 2.3E-07 1.2E-07 1.7E-07 1.7E-07 9.4E-08 1.5E-07 1.5E-07
1250 1.7E-07 1.7E-07 8.4E-08 1.2E-07 1.2E-07 6.6E-08 1.0E-07 1.0E-07
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1500

1750

2000

2250

2500

2750

3000

1.2E-07
1.0E-07
7.7E-08
6.7E-08
5.2E-08
4.0E-08
3.0E-08

1.2E-07
9.8E-08
7.6E-08
6.6E-08
5.1E-08
3.9E-08
3.0E-08

6.1E-08
4.9E-08
3.7E-08
3.3E-08
2.5E-08
1.9E-08
1.5E-08

8.7E-08
7.0E-08
5.4E-08
4.6E-08
3.6E-08
2.7E-08
2.1E-08

8.8E-08
7.1E-08
5.4E-08
4.7E-08
3.6E-08
2.8E-08
2.1E-08

4.7E-08
3.8E-08
2.9E-08
2.5E-08
1.9E-08
1.5E-08
1.1E-08

7.4E-08
6.0E-08
4.6E-08
4.0E-08
3.1E-08
2.3E-08
1.8E-08

7.4E-08
6.0E-08
4.5E-08
3.9E-08
3.1E-08
2.3E-08
1.8E-08
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Table 34.GCR LET data for iron (KeV/micron/s)

Energy| D1 | D2 | TEP1 | D3 | D4 | TEP2 | D5 | D6
20 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
25 0.0E+00 0.0E+00 O0.0E+00 0.0E+00 0.0E+00 O0.0E+00 0.0E+00 0.0E+00
30 25E-09 19E-09 75E-11 9.3E-12 5.1E-12 4.0E-12 25E-12 8.5E-13
35 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
40 1.5E-08 8.2E-09 5.5E-10 0.0E+00 0.0E+00 O0.0E+00 0.0E+00 0.0E+00
45 5.0E-08 15E-08 1.1E-09 8.8E-11 7.8E-11 4.3E-11 5.2E-11 3.7E-11
50 6.9E-05 4.0E-06 1.6E-09 1.6E-10 1.3E-10 6.0E-11 7.1E-11 5.3E-11
55 44E-05 1.7E-05 23E-09 2.1E-10 2.0E-10 9.3E-11 1.2E-10 9.5E-11
60 3.6E-05 2.7E-05 3.5E-09 4.0E-10 3.8E-10 1.7E-10 1.6E-10 1.4E-10
65 3.2E-05 3.7E-05 4.4E-09 O0.0E+00 0.0E+00 O0.0E+00 0.0E+00 0.0E+00
70 3.0E-05 4.6E-05 6.7E-09 8.2E-10 7.6E-10 3.6E-10 3.3E-10 2.9E-10
75 2.8E-05 4.1E-05 25E-07 1.1E-09 1.1E-09 4.8E-10 4.8E-10 4.7E-10
80 2.7E-05 3.4E-05 55E-07 2.0E-09 1.9E-09 6.9E-10 6.8E-10 6.4E-10
85 2.5E-05 3.1E-05 79E-07 3.5E-09 3.3E-09 9.6E-10 8.5E-10 8.4E-10
90 2.4E-05 28E-05 1.0E-06 ©5.6E-09 53E-09 1.6E-09 1.1E-09 1.1E-09
95 23E-05 26E-05 1.2E-06 7.7E-09 7.5E-09 25E-09 1.6E-09 1.5E-09
100 2.3E-05 25E-05 1.4E-06 1.0E-08 9.7E-09 2.9E-09 O0.0E+00 0.0E+00
110 2.1E-05 23E-05 18E-06 1.7E-08 1.7E-08 6.5E-09 5.9E-09 5.7E-09
120 2.0E-05 2.1E-05 2.1E-06 2.7E-08 2.7E-08 0.0E+00 0.0E+00 0.0E+00
130 1.9E-05 2.0E-05 2.4E-06 0.0E+00 0.0E+00 O0.0E+00 0.0E+00 0.0E+00
140 1.8E-05 19E-05 2.8E-06 4.7E-08 4.6E-08 2.2E-08 2.5E-08 2.4E-08
150 1.8E-05 1.8E-05 3.1E-06 5.6E-08 ©5.6E-08 2.9E-08 3.6E-08 3.5E-08
160 1.7E-05 1.7E-05 3.4E-06 ©6.5E-08 6.5E-08 3.5E-08 4.7E-08 4.7E-08
170 1.6E-05 1.6E-05 3.6E-06 7.2E-08 7.2E-08 3.9E-08 5.5E-08 5.5E-08
180 16E-05 1.6E-05 39E-06 8.1E-08 8.1E-08 1.8E-08 0.0E+00 0.0E+00
190 15E-05 1.5E-05 4.2E-06 8.8E-08 8.7E-08 4.8E-08 7.0E-08 7.0E-08
200 1.4E-05 1.5E-05 4.4E-06 9.6E-08 9.4E-08 5.2E-08 7.6E-08 7.6E-08
300 1.1E-05 1.0E-05 6.1E-06 2.4E-07 24E-07 1.1E-07 1.4E-07 1.4E-07
400 7.7E-06 7.7E-06 5.3E-06 1.7E-05 19E-05 1.7E-06 3.1E-07 3.0E-07
500 6.2E-06 6.2E-06 3.6E-06 6.2E-06 6.2E-06 5.4E-06 4.6E-06 4.1E-06
600 5.0E-06 4.9E-06 2.7E-06 4.2E-06 4.3E-06 2.6E-06 4.5E-06 4.5E-06
700 44E-06 4.3E-06 23E-06 3.5E-06 3.5E-06 2.0E-06 3.3E-06 3.3E-06
800 3.5E-06 3.4E-06 1.8E-06 2.6E-06 2.6E-06 1.5E-06 2.4E-06 2.4E-06
900 3.0E-06 3.0E-06 1.5E-06 23E-06 23E-06 13E-06 2.0E-06 2.0E-06
1000 2.7E-06 2.7E-06 1.4E-06 2.0E-06 2.0E-06 1.1E-06 1.7E-06 1.7E-06
1250 2.0E-06 2.0E-06 9.8E-07 1.4E-06 1.4E-06 7.6E-07 1.2E-06 1.2E-06
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1500

1750

2000

2250

2500

2750

3000

1.5E-06
1.2E-06
9.1E-07
7.9E-07
6.1E-07
4.7E-07
3.6E-07

1.4E-06
1.2E-06
8.9E-07
7.8E-07
6.0E-07
4.6E-07
3.5E-07

7.1E-07
5.8E-07
4.4E-07
3.8E-07
3.0E-07
2.3E-07
1.7E-07

1.0E-06
8.2E-07
6.3E-07
5.5E-07
4.2E-07
3.2E-07
2.5E-07

1.0E-06
8.3E-07
6.3E-07
5.5E-07
4.3E-07
3.3E-07
2.5E-07

5.5E-07
4.4E-07
3.4E-07
2.9E-07
2.3E-07
1.7E-07
1.3E-07

8.6E-07
6.9E-07
5.3E-07
4.6E-07
3.6E-07
2.8E-07
2.1E-07

8.6E-07
6.9E-07
5.3E-07
4.6E-07
3.6E-07
2.8E-07
2.1E-07
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