2208 IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 47, NO. 6, DECEMBER 2000

Radiation Environment Measurements from CREAM
and CREDO During the Approach to Solar Maximum
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Abstract—Results from the Cosmic Radiation Environment During the rising phase of solar cycle 23 there have been a
Monitors (CREAM and CREDO) have been reported from a number of Shuttle flights of CREAM including an extended du-
range of platforms during the declining phase of solar cycle 22 and 449 deployment on the Russian MIR space station. In addi-
a number of implications drawn for radiation environment and .. .
shielding models. Since these reports, the CREAM monitor has “Q”v anew ve_r5|0n of CREDQ has been depl_oyed as part of the
flown on a number of Shuttle visits to MIR during 1997-1998 with Microelectronics and Photonics Test Bed which has been oper-

an extended deployment on MIR during January to May 1998. In  ating in highly eccentric orbit since November 1997. Results up
all cases an active monitor measured charge-deposition spectrato July 2000 are presented here.

at various locations, while passive packages comprising neutron

activation foils, neutron bubble detectors and thermoluminescent

dosimeters obtained integrated data at these and other sites.

Movement of the South Atlantic Anomaly is observed and cannot A. CREAM
be fitted by simply updating the geomagnetic field model. The

data from MIR are compared with those from previous Shuttle The CREAM monitor, which comprises both active and pas-

missions and show comparable secondary neutron fluencies andsjve detectors, has flown on a number of Shuttle missions at a
dose rates. Meanwhile a CREDO-3 particle telescope has been,q ety of inclinations and altitudes, commencing with STS-48

included in the Microelectronics and Photonics Test Bed in highly . September 1991. Th tive detect | |
eccentric, high inclination orbit and has been returning data since In September - I'he active detector employs a planar array

November 1997. This experiment measures proton fluxes greater Of pin diodes combined with pulse-height analysis to measure
than 38 MeV and linear energy transfer spectra of cosmic rays charge-deposition spectra. The passive detectors include activa-
and solar particle events in the range 100-20000 MeV/(g cm-2). tion foils to measure neutrons and thermoluminescent dosime-
The data have been extended to July 2000 and are used both t0ye5 19 measure dose. On recent missions these have been com-
correlate with device behavior and to compare with models of
trapped radiation, cosmic rays and solar particles. A number of plemented by neutron bubble detectprsl. The most recent pz_slper
solar particle events have been observed as cycle 23 builds up.[4] included data up to the STS-81 mission, which docked with
Following a relatively quiet year in 1999, the recent event of July MIR in January 1997. Since then CREAM has flown on four
14, 2000 is observed to compete with the October 1989 eventsfurther missions to MIR, namely STS-84 in May 1997, STS-86
in terms of proton fluency but has a somewhat lower heavy ion i, september 1997, STS-89 in January 1998 and STS-91 in June
fraction. 1998. During the STS-86 mission both active and passive detec-
tors were deployed on MIR for a short duration, while the de-
tectors were operated on MIR for an extended period between
HE CONSTRUCTION of accurate space radiation envidelivery by STS-89 and retrieval by STS-91. The active de-
ronment models requires measurements over a rangeteftor was deployed sequentially at two locations. These were
solar cycle conditions and orbital situations spanning the entitRosen with the intention of providing minimum and maximum
magnetosphere. In addition, the complexities of spacecrgftielding and are respectively:
shielding effects require the application of radiation transport j) Base block, floor of Commander’s sleep station;
codes and the measurement of secondary radiation such a$ Base block panel 410.

neutrons. In previous papers, results have been presented froqqhe passive packages were placed at these two locations and
the Cosmic Radiation Environment and Activation MonitoL; 4 f,rther three as follows:

(CREAM) and Cosmic Radiation Environment Dosimetry
Experiment (CREDO) carried on platforms ranging from
aircraft to geostationary orbit during the descending phase of
solar cycle 22 between 1990 and early 1997 [1]-[3]. These
measurements cover total dose, charge-deposition spectra
linear energy transfer spectra and secondary neutron fluencies.

B. CREDO-3
Manuscript received July 25, 2000. . - . . .
C. S. Dyer, P. R. Truscott, C. Sanderson, C. Watson, C. L. Peerless, P. Knight(-\’REl:)o'3 is a miniaturized version of the CREDO series

and R. Mugford are with the Space Department, DERA Farnborough, GUD§ experiments which have flown on UoSAT'’s (University of

Il. INSTRUMENTS AND MISSIONS

I. INTRODUCTION

iii) Kvant-1l close to emergency water tanks;

iv) Kvant-ll close to external Particle Interaction Experi-
ment location used between April 1996 and May 1997.
[4];

) Base block panel 323.

OLX, England (e-mail: csdyer@scs.dera.gov.uk). Surrey Satellites), APEX (Advanced Photovoltaics and Elec-
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from 100 to 20 000 MeV/(g cm?), with an upper channel pro-
viding an integral measurement above the higher level. Data are
accumulated into re-programmable time bins with one-minute
time resolution used for the data since January 30, 1998 and
six-minute resolution for the earlier data obtained following
switch-on November 25, 1997. Essentially continuous data cov-
erage has been obtained from switch-on until the present (July
2000) with the exception of a few periods of eclipses at around
perigee and other minor data outages.

Ill. RESULTS

A. CREAM on MIR

1) Active Monitor: In Fig. 2(a), count rates from CREAM
channel 1 are shown for the 7th day of CREAM deployment
on MIR in January 1998. This channel measures particles
with LET > 6.8 MeV/(g cnt?) and its threshold for proton
detection is set by the amount of shielding. For the locations
in MIR this is in the range 50 to 100 MeV. The upper panel is
%he total count rate comprising contributions from both cosmic
rays and trapped protons. The cosmic-ray contribution varies in
charge-deposition spectra and linear-energy-transfer spectraargi-correlation with the geomagnetic cut-off rigidity, which is
quired for the prediction of single event effects and backgrouwdlculated using the update IGRF95 field model and shown in
noise in sensors. Recent results from previous versions h#ve bottom panel. A fit to the cosmic-ray variation is subtracted
shown important results for environment models [3], [4] as weltom the counts to give the contribution from protons in the
as correlation with single event upsets and burn-outs [5]. TH®uth Atlantic Anomaly (SAA) and this is shown in the second
version has been designed to provide the environment dosimgtanel. Comparison is made with predictions using AP8 in
for the Microelectronics and Photonics Test Bed [6], which isonjunction with the updated field model. The predicted flux of
aimed at space testing a number of advanced technologiepiiatons of energy greater than 100 MeV is shown in the third
a radiation-stressing, Molniya orbit, which is highly inclinedganel. It is known that this prediction technique gives erroneous
(63°) and elliptic 9200 x 1200 km). A description of the in- fluencies [8] but in this case the prediction also completely
strument and early results has been given in [7]. misses a South Atlantic Anomaly pass (the last one in the day).

CREDO-3 is designed to fit onto a single MPTB test boartihis is further illustrated by the ground track and proton flux
(127 x 152 mm) and comprises two particle telescopes witbontours shown in Fig. 3 where it can be seen that this pass lies
pulse-height analysis and a Field Programmable Gate Arraythe northwest of the SAA as predicted by simply updating
(FPGA) interface to the MPTB computer. The FPGA can ke field. In addition, a pass is predicted but not seen and this
seen covered with additional tantalum shielding to give adkes to the southeast. The SPENVIS code system [9] employs
guate lifetime in the high dose environment. Each telescoffee magnetic field corresponding to the time during which
comprises two pin diodes each of 3 Trarea and separatedAP8 data were taken and then simply rotates the anomaly
by 2 cm. A picture of the CREDO-3 board is given in Fig. lwestwards by 03 per year to allow for field evolution. This
The depletion depth of the diodes is 38Mh. Both noncoinci- technique is found to give improved prediction of belt passes
dent (singles) and coincident events are recorded and the lastershown in Fig. 2(b). In order to obtain this result, it was
imply an acceptance cone of half-angle 26ad a geometric necessary to run SPENVIS with time resolution finer than the
factor of 1.56 crisr. The latter has been calculated using bottefault (i.e., 1 minute cf 2 minute). Here the observed rates are
analytical and numerical integration methods. Electron eversnverted into an approximate flux by dividing by the omni-
are minimized by a 1.5 mm brass shield, which, in combinatiatirectional geometric factor (2.5 énand accumulation time
with the MPTB box skin, affords a shielding of 1.6 g thin (300 seconds). The absolute comparison is only approximate as
the space direction. The reverse cone is afforded in excesdlwdre is not a clear cut proton energy threshold in the complex
30 g cnT 2 by the spacecraft structure. Hence electrons of eshielding situation within MIR. However the predicted fluxes
ergy less than about 2.6 MeV do not penetrate and further eliat-greater than 100 MeV are within about a factor of two. More
ination is provided by charge-deposition thresholds of 0.4 Melvhportantly all passes are predicted and no spurious passes
for the proton monitor and 9 MeV for the ion monitor. Thereforare predicted. This fix-up to AP8 is not fully satisfactory and
electrons can be detected only by pulse pile-up in very intensél have limited ability to be extrapolated into the future. In
flux regimes. This occurs for proton singles in the heart of theddition, the shape of the SAA is changing and cannot simply
outer belt but the ion channels are immune to this contaminze treated as a westwards rotation.
tion. The proton telescope measures fluxes of protons of energyhere are two modeling efforts in progress to create low alti-
greater than 38 MeV, while the ion monitor measures linear etaide proton models. These are based on more recent data from
ergy transfer (LET) spectrain 16 channels which cover the ranAMPEX/PET for the solar minimum of 1994-1995 [10] and

Fig. 1. The CREDO-3 experiment board on MPTB. The proton and i
telescopes are on the right.



2210 IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 47, NO. 6, DECEMBER 2000

CREAM on MIR
Epoch = 1998.1 & field model = IGRF 1995
W
R -
> —_
3 4] 2
=) s
- <
ERNRS £
2
1500 J
-
% 1000 2
T ] 2
3 500 ] A [
© =
0 h A J | d | J o
-500
>
a7 3
T2 8
S (@3
= 1 /\ ﬂ /\ =
o i
N
. i i
12 1
2
S E
=z
4]
O T T T T T T T T T T T T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Mission Elapsed Day 7
(@
CREAM on MIR - Mission Elapsed Day 7
2.5
2.0
=}
® c
S3 15
82
=8 10
GC).O
CU}
S2 05
F b . |
Ool\w A A AN M e ) A A A_A A A A AN
V ‘VV"V‘VV AT AV VA Vo L S VA Ay J 4 e R el VAL AR VAR Vol
05
25
0
v 2
=2
3 15
=
o
2 1
A
o
w 05
z I
] 0
o
)
0.5 : - : r . - : : : T T T . . : r : T T : T T
6 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24

Time (Hours)

(b)

Fig. 2. (a) Count-rate variations from CREAM on MIR for the 7th day of the mission. The upper panel includes cosmic rays which anti-correlate wiff the cu
rigidity shown in the bottom panel. These are subtracted to give the SAA proton contribution shown in the second panel and the result is compa8ed with AP
predictions in conjunction with the IGRF 1995 field model updated to 1998, as shown in the third panel. This procedure misses an important SAAguistsand p

a pass that is not observed. (b) The SAA count rates from Fig. 2(a) are converted into fluxes and compared with predictions using AP8 in SPENWW&svhich all
for movement of the SAA. All passes are now predicted and the absolute agreement is reasonable given the uncertainties in shielding and picbton thresho

a twenty year data set obtained from TIROS/NOAA spacecraftThe same CREAM active unit was deployed at two loca-
since 1978 [11]. It would be valuable to make comparisons wittons on MIR during January—May 1998 as was deployed in
these models but they are not yet generally available. It is f®paceHab on STS-63 during February 1995. In Fig. 4 the
table that data on high energy protonslQ0 MeV) are limited charge-deposition spectra obtained in the two MIR locations
while these energies are extremely important for effects withawe compared with those obtained in two SpaceHab locations.
Shuttle and Space Station. These measurement periods were obtained on either side of
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Flux map at 400.0 km for protons > 100.0 MeV gt solar minimum
Flux model : AP8 Units : log10{cm™2s~")
MIR MET 7 16:53 — 17:53

-180 | —140 | <100 Ze0 o0 2080 100 140 180

Fig. 3. Ground track for the SAA pass that was not predicted by simply updating the field model (i.e., 1653 to 1753 mission elapsed time on day 7). The flux
map is for protons of energy 100 MeV at 400 km altitude as calculated using AP8MIN and the updated field. Units asedbtipe flux in cnT2 s—1.

CREAM flight on MIR (Jan-May 1998) comapared with
STS-63 Spacehab (Feb 1995)
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Fig. 4. Charge-deposition spectra at 2 MIR locations (panel 410 and sleep station) in January to May 1998 compared with those obtained in SfxageHab (cei

and floor) during February 1995. These are periods of similar overall cosmic-ray flux. The lowest intensity is in the minimum shielding locatiG@pacaiiab
ceiling.

solar minimum and cosmic-ray fluxes were very similar (tthem. They also closely match the more highly shielded
within 0.6% based on the neutron monitor data from ClimagpaceHab location (floor). It should be noted that the highest
CO). Although the two MIR locations were chosen to represeadbannel has poor statistics, with only one count accumulated
shielding extreme there is no discernible difference betwefar the SpaceHab floor location. For channels below this the
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TABLE |
CREAM PaAssIVE DETECTORRESULTS FROM ON BOARD MIR

IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 47, NO. 6, DECEMBER 2000

STS-89 Long STS-89 Short
Jan - Jun 98 Jan-98
51.6° 51.6°
380km 380km
Average dose | Thermal neutron| Fast neutron Mean neutron
rate from neutron flux flux from dose from
Location DERA TLD’s from gold foil nickel foil bubble detectors
[mrad(Si)/day] [em?s™] [em®s™] [mrem/day]
Locn#1 (Sleep Station Core Module) 21.8x1.0 0.148 + 0.056 1.138 £ 0.061 10.5+£2.8
Locn#2 (Panel 410) 18.0+2.8 0.176 + 0.049 1.363 + 0.074 10.8 £3.3
Locn#3 (KVANT-Il Water Tanks) 21.2+04 0.163 + 0.055 1.152 £ 0.075 105£3.2
Locn#4 (KVANT-H) 26.4+1.2 0.274 + 0.053 1.151 £ 0.073 9.8=x22
Locn#5 (Panel 323) 16.6 + 0.4 0.203 £ 0.049 1.295 + 0.074 10.5£2.5

MPTB Ground Track for orbits 364,365

90

L E@“w::g
o =
60 »
L S
30 -
B
0 \\3;1/ =t
= ! \l\
i ~ 3
+ /‘/\U}\
MK e
+++ Fo 2?
S + &
+ . . +
+ : +
+ ‘ +
+ + + +
-60 MEE I T 5 TE+ o+ + T
%@g /_;'\"‘—'\/'A—«-M,\
L= - \_/ a
-90
-180 -120 -60 0 60 120 180

Fig. 5. MPTB ground tracks for orbits 364 and 365. Note that orbit 364 starts at the southwards equator crossing at the right hand end of the figure and the
continues to the left showing a perigee in the Southern Pacific. Orbit 365 then commences with the southward equator crossing-d0arlongdude.

statistical errors vary from 20% to 0.5%. Significantly lowerespectively). The SpaceHab floor measurement on STS-63 was
measurements were obtained at the lightly shielded SpaceR2&%6 while the least shielded SpaceHab ceiling gave the much
ceiling location. This is consistent with the build-up withhigher rate of 44.1. Fast neutron fluxes varied between 0.8 and
shielding noted from different Shuttle locations [3]. 1.2, while thermal neutron fluxes ranged from 0.08 to 0.15. The
2) Passive DetectorsResults from various CREAM pas- previous neutron bubble detector data on neutron dose rates
sive detectors deployed on MIR are presented in Table |. Tivere obtained on STS-81 in January 1997 when dose-rates of
thermoluminescent dosimeter (TLD) and activation foil data a4 to 8.0 mrem per day were obtained. In general all rates are
from the long duration deployment on MIR while the bubble derery similar between Shuttle and MIR with the exception of
tector data are from a short duration exposure in January 19BR&her directly ionizing dose rates at very thin shielding where
Data from TLD’s and activation foils have been presented predlectrons dominate.
ously for a wide range of Shuttle missions [3]. The most compa-
rable mission for cosmic-ray intensity and altitude was STS-68 CREDO-3 on MPTB
for which very comparable TLD dose rates were obtained in1) Spatial Variations: Data have been plotted on an orbit
the airlock and wall locations (17.7 and 20.6 mrads per d#@gsis, each being conveniently of 12 hours duration. Differences
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MPTB CREDO Proton Monitor - Orbit 364 - 7th May 1998
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Fig. 6. Time variations of MPTB CREDO proton channel rates around an even orbit (number 364 on May 7, 1998) are compared with gebrshgtietic
parameter. The two peaks are inner-belt particles while beyord 10 there is full exposure to cosmic rays. The predicted inner-belt fluxes from AP8MAX in
SPENVIS are shown as squares.

MPTB CREDO Proton Monitor - Orbit 365 - 7/8th May 1998
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Fig. 7. Time variations for the ensuing odd orbit, number 365 on 7/8 May 1998.

between odd and even numbered orbits occur because of thediétsonable approximation, cut-off rigidity for vertical arrival in
and displacement of the earth’s magnetic field. The ground traG¥/ is given by16/L?).

of the orbit is given in Fig. 5 for orbits 364 and 365 on May 7 The two peaks are due to passages through the heart of the
and 8,1998. The measured proton fluxes, together with the geaer radiation belt on either side of perigee, while for most of
omagneticL-shell parameter, are presented in Figs. 6 and the orbit outside of the belts the counts are from cosmic rays and
The L-shell [12] is a measure of the geomagnetic field line oare flat with time as the orbit is fully exposefl (> 10; cut-off
which the spacecraft is situated and may be thought of as tigidity <0.16 GV). A slight downward trend is due to the decay
geocentric distance (in earth radii) of the field line in the magf some remaining protons from a solar particle event on May
netic equatorial plane. Itis employed to order radiation belt daéth. For the even-numbered orbit, perigee occurs in the South
in the various models and it is also related to the rigidity (mdRacific near South America and although thealue shows an
mentum-to-charge ratio) required by an external cosmic rayiimcrease at perigee due to the high latitude, it does not exceed 3.
order to be able to penetrate the geomagnetic shielding (té-r@m this perigee position the orbit ascends through the South
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MPTB CREDO Proton Monitor - Orbit 880 - 19 Jan 1999
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Fig. 8. Later even orbit, number 880 on January 19, 1999.
MPTB CREDO Proton Monitor - Orbit 881 - 19 /20 Jan 1999
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Fig. 9. Later odd orbit, number 881 on January 19 and 20, 1999.

Atlantic region wherd.-values are low and the trapped protonas squares in the figures). Later data obtained in January
come lower in altitude. Hence this pass experiences the ma®99 are shown for even and odd orbits in Figs. 8 and 9. In
imum number of protons. Table Il, the measured proton fluencies are compared with
This is in contrast with the ensuing odd-numbered orbtKP8MAX/SPENVIS predictions for protons of energy greater
shown in Fig. 7. Here perigee occurs in the Southern Ocetran 40 MeV. The time period in question is between maximum
near to the south magnetic pole and so higheshells are and minimum but differences for this orbit are only about
reached [ > 10). This difference means that even-numbere8%. In general it can be seen that the predictions are about a
orbits experience more inner-belt protons while odd-numberéattor of two low compared with the observations. A similar
orbits are more exposed to cosmic rays and solar particle evamslerprediction has been noted in [10] and [11] but for much
at perigee. This can be seen in the higher proton rates at perigseer orbits below 1000 km.
in Fig. 7 compared with Fig. 6. Both measurements and predictions show the difference be-
Comparisons are made with predictions of inner-belt protdween even and odd orbits. Surprisingly the increase in perigee
fluxes using the AP8 model as modified in SPENVIS (showbetween May 1998 and January 1999 (1212 km to 1502 km)
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TABLE I 10
PROTON FLUENCES > 40 MeV, MEASURED CF SPENVIS PREDICTION 1adulD
.10°L g
10 20Apr'os
Orbit Measured AP8-SPENVIS 1aNov'es
Fluence cm-2 Prediction cm-2 104 303ep.93°v E
364 1.7 x10° 1.0 x 107 \ 25Aug'9s
365 1.2x 107 0.6x 10’ 1070 E
7 2 2May’'98 10Jun’0)
880 1.9x10_ 0.8x 10 2 6May’9 21Jan'99 , , 4un'eo 18Feb’00
881 1.2x10 0.5 x 10 107 oMay" 24Aprg0 E
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B N Fig.11. Orbit-averaged proton fluxes with inner-belt passes removed showing
— n cosmic-ray modulation by a factor two and a number of solar particle events,
4 including the large event on July 14, 2000.
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Fig. 10. Time variation of orbit-averaged proton fluxes38 MeV) show odd

vs even orbit differences and long-term trends due to orbit evolution includil
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is reflected in the drop in predicted fluxes but not in the mea-
sured data, which remain almost constant. In general the me@g- 12. Orbit-averaged rates in the noncoincident channel show the time
sured data do show a downward trend with increasing perigégability of electrons.
(see Fig. 10). Complete mapping of the count rates mtd.
space may shed light on these discrepancies and variations.during events observed previously on MPTB by more than an
2) Temporal Variations:In a previous paper [7], time varia- order of magnitude. This event is discussed in greater detail
tions were presented for the period from launch until July 1998elow.
In addition, orbit profiles of count rates were presented for the In Fig. 12, the orbit-averaged rates in the proton singles (non-
time period around the solar particle event of August 25, 199bincident) channel are presented as a function of time. Besides
These illustrated the arrival of significant solar particle fluxesounting protons, this channel also responds to energetic elec-
followed by the pumping up of the outer electron belt caused tyns when fluxes are very high. The large increase at the left
an ensuing geomagnetic disturbance. In this paper, time vati@and end of the plot is the April 1998 solar particle event but the
tions are extended to July 2000 and the large solar patrticle evigiowing large increases are due to outer-belt electron enhance-
of July 14, 2000 is examined in detail. ments. The period between orbits 600 and 700 remains by far
Orbit averages of proton fluxes (coincident counts) are prtve most intense of these and corresponds to late August to Oc-
sented in Fig. 10 for those orbits in which there are no data gafisher 1998. Smaller increases occurred between February 21 to
The odd-even orbit differences can be seen while long-tetdarch 1, 1999, between September 16 and September 23, 1999
trends are due to orbit evolution, which includes an increaseand between October 16 and October 21, 1999. Such equinoctial
perigee altitude from 1200 km at the start of the measuremetitae periods frequently show higher electron fluxes. These elec-
to 2010 km at the end. The spikes are due to the larger solar gesn increases correspond to dose-rate increases in the MPTB
ticle events which can increase the orbit average. dosimeters and the time period between orbits 600 and 700 still
In Fig. 11 orbit-averaged proton fluxes are given for timesontributes most of the accumulated dose in the MPTB experi-
outside of the radiation belt. The underlying rate is due to cosmigents beneath 50 mil of aluminum [13].
rays and shows a factor two diminution over this time period due3) The Solar Particle Event of July 14, 200®ig. 11 shows
to solar modulation. The spikes are due to solar particle everttds event to be by far the largest observed on MPTB and GOES
Several significant events occurred during 1998 and are diata show it to be the largest in solar cycle 23 so far. The re-
cussed in the previous paper [7]. Since that time events in 199%nsible solar flare peaked at 1024 UTC on July 14 and cre-
and early 2000 have been relatively small. However the protated radio blackouts together with a large, fast moving coronal
flux during the event of July 14, 2000 exceeds that observethss ejection. Significant particle increases were first observed
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Fig. 13. CREDO count rates for orbit 1966 on July 13 and 14 preceding th&g. 15. The high rates are also seen at perigee for the even orbit 1968 on July
solar particle event show relatively low rates of cosmic rays and inner b&d and 15. This indicates a hard spectrum.
protons but significant outer-belt electron fluxes.
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. ) ) ) ~_maintained for 1.5 days and odd orbit perigee is fully exposed.
Fig. 14. The solar particle event is seen at 1040 on July 14 during orbit 1967

and rapidly rises to very high levels. 168

— Non-Coincident Counts
[ I o dent Counts

in space at 1040 while ground level neutron monitors record 10°
a 36% increase [14].

Fig. 13 shows CREDO count rates for the orbit precedir 1
the event The coincident counts measure protons and show"
inner-belt passes either side of perigee and then a flat contril'ms
tion with time due to cosmic rays. It is notable that these fluxe
are lower than in the earlier time periods of Figs. 6-9 and re 2
erence [7] due to orbit evolution and solar modulation. How |
ever the outer electron belt shown in the noncoincident counts By
quite intense at this time due to preceding solar activity. Fig. - '08:00 09700 70700 17:00 12:00 13:00 14:00 75:00 16:00 17:00 16:00
shows the steep increase in count rate at 1040 while Figs. 15 .. ._. Time (GMT)

16 Sho.w that the Ve.ry high rates continue f(.)r more than a dia-}/ 17. After 2 days (orbit 1971 on July 16) the solar particle fluxes have
In addition to the high rates observed outside the belts thr%pped by a factor 100. In addition the outer-belt electrons are greatly
geomagnetic shielding is minimal, very large increases are afoninished.

served at perigee due to its high latitude. The odd-orbit perigee

has the higher rates due to its higlievalue as discussed abovewere found to be well below the CREME96 worst week model
The still very high rates observed at even-orbit perigee are imased on the October 1989 event [15] and showed no increases
dicative of a hard proton spectrum able to penetrate-t@lues beyond a LET of 400 MeV/(g cr?). In Fig. 18 the spectrum

of three and this is consistent with the observation of a grourslshown averaged over the two peak days of the July 14, 2000
level event. By July 16 the rates had decayed by a factor of 18@nt. It can be seen that this event gives low LET rates from
as shown in Fig. 17. In addition, the geomagnetic storm had ggetons of comparable intensity to the October 1989 event. The
verely reduced the outer electron belt. high LET counts from heavy ions show a very significant in-

The integral linear energy transfer (LET) spectra of earli@rease over quiet time but are not as intense as the CREME96
solar particle events have been presented in reference [7]. Thewslel.
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Fig. 18. Integral LET spectra averaged over the 5 peak orbits of the event of
July 14, 2000 are compared with spectra from the preceding quiet-time period

and the CREME96 worst week model. 3]
V. CONCLUSION
For MIR/International Space Station orbit, SAA passes 4]

cannot be predicted by using AP8 in conjunction with the
updated geomagnetic field. The use of SPENVIS, which rotates
the SAA location, gives significant improvement as long as
1-minute time resolution is used. [5]

Dose rates and secondary neutron fluxes observed on MIR are
comparable to those observed on Space Shuttle for similar orbits
and external cosmic-ray fluxes. The dose from directly ionizing [6]
charged particles is reduced by shielding but secondary neutron
contributions are surprisingly uniform. [7]

The charge-deposition spectrum is also uniform throughout
MIR and shows build-up with respect to minimally shielded
SpaceHab locations.

For MPTB in Molniya orbit, two inner-belt proton passes
occur in every orbit and these show differences between odd angb]
even numbered orbits due to the different locations of perigee
with respect to the radiation belts. A long-term downward trend;
in inner-belt proton fluxes is due to the increasing altitude of
perigee. Fairly good agreement is obtained with AP8 predic-
tions but in general there is a factor 2 underprediction. [11]

The outer-belt electrons are extremely variable in intensity
and profile. A large increase following a solar event in late Au-
gust 1998 corresponds to a large increase in dose-rate obser\%ﬂ
by other MPTB experiments. [13]

A factor 2 decrease in cosmic-ray fluxes is seen between
November 1997 and July 2000 due to solar-cycle modulation. ;4

A number of significant solar-particle events have been obfi5]
served. Of these the recent event of July 14, 2000 is by far the
most intense. This is close to the October 1989 event for protons
but would appear to have less heavy ions.

(8]
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