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Abstract: Cosmic Ray Telescope for the Effects of Radiation (CRaTER) instrument on board of LRO character-
izes the global lunar radiation environment and its biological impacts by measuring cosmic ray (CR) radiation.
A compact and highly precise Micro-dosimeter is mounted on the CRaTER. It measures dose rates below one
micro-rad/sec in lunar radiation environment. Ground level enhancement (GLE) is sudden and short increase of
CR intensity measured on the Earth’s ground neutron monitors. Using the CRaTER data, we identified the CR
events which have the similar profile of GLE on Earth’s. The GLE event is generally considered to be caused by
the accelerated particles associated with the solar flare and the coronal mass ejections. We use the data of CR in-
tensity and dose rates observed by the CRaTER instrument. We select the associated solar events from the solar
flare list and solar proton event list from NOAA Space Environment Services Center (SESC). We also use CR
data observed by ACE, solar proton flux data observed by GOES. We find seven GLE-like CR events since June
2009. In order to examine the origins and the characteristics of the GLE-like CR events in lunar radiation envi-
ronment, we compare time variation profile of CRaTER with those of ACE/CRIS, ACE/SIS, and GOES/SEM.
To prove the GLE-like events of the CRaTER data as the real signals, we also check the time variation profile of
Micro-dosimeter measurement for a coincidence. We confirm the similarity in profiles of CRaTER and Micro-
dosimeter. The intensity variation rate of GLE-like CR events in the Micro-dosimeter is approximately ten times
larger than that of GLE-like CR events. We verify that most of GLE-like events are associated with the energetic
solar cosmic rays.
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1 Introduction
Lunar Reconnaissance Orbiter (LRO) satellite was
launched on an Atlas V rocket on June 18, 2009. Its aim is
to establish a lunar return program having the maximum
possible utility for later missions to Mars and other desti-
nations. The payload of LRO satellite was comprised of
seven instruments; Cosmic Ray Telescope for the Effect-
s of Radiation (CRaTER), Diviner Lunar Radiometer Ex-
periment (DLRE), Lyman-Alpha Mapping Project (LAM-
P), Lunar Exploration Neutron Detector (LEND), Lunar
Orbiter Laser Altimeter (LOLA), Lunar Reconnaissance
Orbiter Camera (LROC), and Miniature Radio Frequency
(Mini-RF) [1]. The orbiter is collecting information about
the Lunar environment since June 2009.

Out of seven instruments, the CRaTER instrument is de-
signed to identify the global lunar radiation environmen-
t and its biological impacts. The CRaTER instrument in-
vestigates lunar and deep space radiation environment and
tissue equivalent plastic (TEP) response to radiation and
make radiation map reflected from lunar surface [2]. A
compact and highly precise Micro-dosimeter is mounted
on the CRaTER instrument. It measures dose rates below
one micro-rad/sec in lunar radiation environment [3].

The cosmic ray (CR) intensity is modulated in various
timescales due to solar activity in the solar system. The
CR intensity suddenly changed due to the solar eruption-
s such as solar flares and coronal mass ejections (CMEs).
A representative variation of CR intensity is ground level
enhancement (GLE) event [4]. GLE is rare, sudden, sharp,
and short-lived increases of CR intensity measured by the
Earth’s ground neutron monitors. Figure 1 is a GLE oc-

curred on 15 May 2012. It is 71th GLE as the first one
in solar cycle 24. Its increase is about 16 % at Oulu neu-
tron monitor. We named it GLE-like CR event on the lu-
nar radiation environment. In order to examine the origin-
s and the characteristics of the GLE-like CR events in lu-
nar radiation environment, we compare time variation pro-
file of CRaTER with those of ACE/CRIS, ACE/SIS, and
GOES/SEM.

May 2012 [Day]16.0 16.5 17.0 17.5 18.0% Increase of GLE [Ou
lu neutron monitor] 0510

15 GLE71

Fig. 1: % Increase of GLE71 occurred on 17 May 2012
recorded in Oulu neutron monitor
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2 Data & Method
The CRaTER instrument is comprised of six silicon detec-
tors in thin/thick pairs separated by sections of TEP. The
TEP (such as A-150 manufactured by Standard Imaging)
simulates soft body tissue (muscle) and has been used for
both ground-based as well as space-based (i.e. Space Sta-
tion) experiments.

The CRaTER data consist of primary science (charged-
particle event energy depositions, average LET, detec-
tor signal magnitude flags), secondary science (detec-
tor singles count rates, configuration, spacecrafts posi-
tion), and house-keeping parameters (voltages, currents,
temperatures, accumulated radiation dosage, instrumen-
t pointing flags, etc.). We use the data of levels 2 sec-
ondary science provided from Planetary Plasma Interac-
tions (http://ppi.pds.nasa.gov). The CRaTER instrument
produces the daily file with the one second resolution. Dai-
ly files report the number of ‘singles’ (silicon detector) as
well as the number of ‘good’, ‘rejected’, and ‘total’ record-
s observed by CRaTER during the monitoring period. We
use the counter data of Level 2 secondary science from
June 2009 to March 2011 during 22 lunar orbits. The sec-
ondary data are converted to hourly averaged data.

The GLE is generally considered to be caused by
the accelerated particles associated with the solar flare
and the CMEs. We draw the profiles of time varia-
tion for CR intensity and dose rates observed by the
CRaTER instrument. Then, we select the associated so-
lar events from the solar flare list and solar proton event
list at NOAA Space Environment Services Center (SESC)
(http://umbra.nascom.nasa.gov/SEP). We compare hourly
averaged CR data observed by Cosmic Ray Isotope Spec-
trometer (CRIS) and Solar Isotope Spectrometer (SIS)
onboard ACE satellite (http://www.srl.caltech.edu/ACE).
We also compare solar proton flux data from the Space
Environment Monitor (SEM) onboard GOES satellite
(http://ngdc.noaa.gov/stp/).

We investigate the CR intensity variations on the lunar
radiation environment similar to the GLE on the Earth. We
examine the increase events that the variation is greater
than 20 % of each event average. The event average is
the average of event period (event day ± 2 days) as the
base line of zero. As for the increase event, we select
the increasing profile similar to GLE on the Earth. Thus,
we identify GLE-like CR events on the lunar surface. We
find seven GLE-like CR events during the period of from
June 2009 to March 2011. In order to examine the origin-
s and the characteristics of the GLE-like CR events in lu-
nar radiation environment, we compare time variation pro-
file of CRaTER with those of ACE/CRIS, ACE/SIS, and
GOES/SEM. To prove the GLE-like events observed by
the CRaTER as the real signals, we also check the time
variation profile of Micro-dosimeter measurement for a co-
incidence.

3 Results
At the lunar radiation environment the time profile of GCR
intensity shows that of GLE on the Earth’s surface. Figures
2 and 3 show examples of GLE-like cosmic ray events ob-
served by CRaTER/LRO. Figure 2 indicates the CR vari-
ation of GLE-like CR events observed on 7 March 2011.
Figure 3 shows the variation of dose rate for the same even-
t in Figure 2. It looks like the time profile of GLE recorded

CRaTER: Count-1hour averaged count
March 2011 [Day]7 8 9 10 11 12 13 14Variation of CRaTER Co

unt (%)
0200400600800

Fig. 2: Variation of CR intensity in lunar environment for
the GLE-like event on 7 March 2011Microdosimeter: 1hour averaged dose rate

March 2011 [Day]7 8 9 10 11 12 13 14Variation of Dose rates 
(%)

02000400060008000
Fig. 3: Variation of Dose rate in lunar environment for the
same event in Figure 2

in the Earth’s ground neutron monitors. It shows the sharp
increase of main phase and gradual recovery phase.

Using CR data of CRaTER instrument on the LRO satel-
lite during the period of from June 2009 to March 2011,
we found seven GLE-like CR events on lunar radiation en-
vironment.

As shown in Figure 3, we proved the GLE-like events
of the CRaTER data as the real signal by checking the vari-
ation of Micro-dosimeter measurement for a coincidence.
Thus, we confirmed the similarity in profiles of CRaTER
and Micro-dosimeter.

Table 1 shows the list of seven GLE-like CR events.
It informs the onset time, CR intensity variation rate, as-
sociated solar flare and the position of occurrence insid-
e/outside the Earth’s magnetosphere. As shown in Table
1, most of GLE-like CR events are associated with the
solar flare. Most of GLE-like events are observed, when
the Moon is located at the outside of the Earth’s magneto-
sphere.

4 Summary
We examined the CR events at lunar radiation environmen-
t using the CR data observed by CRaTER during the pe-
riod of June 2009-March 2011. We found the seven GLE-
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Event number Onset Time Variation Associated solar flare Position
[UT] [%] (within magnetosphere)

G01 12 Jun. 2010 0h 47.6 M2.0 Out
G02 14 Aug. 2010 10h 82.4 C4.5 Out
G03 18 Aug. 2010 5h 62.7 C4.5 Out
G04 28 Jan. 2011 1h 53.0 M1.3 Out
G05 15 Feb. 2011 3h 20.3 X2.2 In
G06 7 Mar. 2011 22h 571.8 M3.7 Out
G07 21 Mar. 2011 4h 130.9 Out

Table 1: List of Seven GLE-like CR events

like CR events similar to GLEs recorded in the Earth’s
ground neutron monitors. They are the increasing events
with the sharp increasing profile. The occurrence of GLE-
like CR events is higher at the position outside than insid-
e the Earth’s magnetosphere. It might be caused by direc-
t exposure to solar eruptions. Using the Micro-dosimeter
in the CRaTER instrument on the LRO satellite, we found
the similarity in profiles of CRaTER and Micro-dosimeter.
The dose rate variation of GLE-like CR event is approxi-
mately ten times larger than the CR intensity variation of
them. We verified that most of GLE-like events are associ-
ated with the solar flares to supply energetic particles.
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