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Dual origins of light
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ight flashes are unusual visual phenomena that are observed in space and are
caused by the interaction of energetic
cosmic-ray particles with the human visual
system. Using data gathered on board the Mir
space station during the Sileye-2 experiment1,
we show here that there are two separate
components of cosmic rays that cause these
flashes: one due to heavy nuclei and one due
to protons. This indicates that perception by
an astronaut’s visual apparatus could involve
two complementary mechanisms.
Ever since light flashes in space were
predicted2 before the first space mission
and subsequently reported by early Apollo
astronauts, attempts to determine their
cause have been made both in space and
using ground-based particle accelerators3.
As a result, several explanations have been
proposed to account for the phenomenon
(see ref. 4 and references therein).
The measured rate of occurrence of light
flashes (LF) varies for different missions: on
Mir5, it is much lower (Sileye-1, 0.1850.02
LF min11; Sileye-2, 0.1350.01 LF min11)
than on Apollo6 (0.2350.1 LF min11),
Skylab7 (1.350.1 LF min11) and ASTP8
(0.4650.05 LF min11). This effect is probably due chiefly to a reduction in the speed of
low-energy particles by Mir’s hull material
(aluminium more than 3 mm thick) and
the equipment inside the craft.
As light flashes are caused by particles
interacting with the human visual apparatus,
their occurrence should be proportional to
particle rate (the so-called ‘latitude effect’).
Particle rates outside the region of the South
Atlantic Anomaly (SAA) depend on the geomagnetic cut-off, which is a function of the
position-dependent geomagnetic field intensity and direction. The cut-off C represents
the minimum rigidity for cosmic rays to
reach Mir’s orbit without being deflected
outwards; it is lower at high geomagnetic
latitudes (for Mir’s orbit, the lowest cut-off
is C40.6 gigavolts (GV)) and higher at
the geomagnetic equator (where maximum
cut-off is C416 GV). The lower the cut-off,
the higher the rate of particles coming from
outside the Earth’s magnetosphere (we use
the vertical cut-off at each location of Mir).
Light-flash and particle rates measured
inside Mir were divided in 3-GV bins that
separated the regions outside (C 18 GV)
and inside the SAA (3 C 15 GV, selected
for Earth’s magnetic field B*2.521015
tesla; Fig. 1). The light-flash rate, RLF, is
plotted against the particle rate, P, for all
particles (almost exclusively protons) in
Fig. 1a. In Fig. 1b, RLF is plotted as a function of the rate of relativistic nuclei, Pn, with
charge Zà6, obtained by selecting particles

0.3

0.1
0
0

2

4

6

8

10

12

14

16

18

b 0.4
0.3
0.2
0.1
0
0

0.01

0.02

0.03

0.04

0.05

Particle rate (cm2 s steradian) –1
Figure 1 Rate of occurrence of light flashes on board the Mir space station as a function of particle rate for all particles and for relativistic
nuclei inside (circles) and outside (squares) the South Atlantic Anomaly. a, Plot of light-flash rate against proton rate; b, light-flash rate
against particle rate for particles with linear-energy transfer of ¤20 keV mm11. Linear fits for each region are shown. Data are from the
Sileye-2 experiment1, in which astronauts wore light-excluding helmets integrated with cosmic-ray particle-flux detectors, enabling the
frequency of flashes to be recorded as a function of background flux and orbit position.

with high linear-energy transfer (¤20 keV
mm11) to guarantee the complete removal
of the proton component.
From the all-particle plot (Fig. 1a), it is
possible to see that RLF is not linearly proportional to proton flux in all regions: in the
SAA, it is roughly independent of proton rate
(even though statistical errors preclude any
further claim). For instance, at the centre of
the SAA (9 C 12 GV), where particle rate
is highest (P415.4 particles per cm2 s steradian11, where steradian is a unit of spherical
angle), the light-flash frequency is RLF40.18
min11, which is only slightly higher than in
other regions. This implies that the light
flashes cannot be caused only by protons in
all regions.
Figure 1b shows that frequencies of light
flashes within the SAA are consistently higher
than those for equivalent particle rates outside it, indicating that a further component
must contribute to light flashes inside the
SAA. Summing all observations in the
SAA to reduce statistical errors, we obtain
RLF40.1550.03 min11, compared with a
rate outside it (in the same cut-off interval of
the SAA) of RLF40.0650.01 min11. If heavy
nuclei were the only cause of light flashes,
these two values should overlap. The existence of two complementary mechanisms for
light-flash perception could explain these
observations: direct interaction of heavy
nuclei with the retina, causing ionization or
excitation, and proton-induced nuclear interactions in the eye (with a lower interaction
probability) producing knock-on particles.
This explanation is also consistent with
previous proposals3,6–9 and the fact that Mir

data inside the SAA are halfway between Skylab’s (112 light flashes in 12 min in the SAA)
and those of Apollo–Soyuz (no light flashes
in the SAA). This is due to the average orbital
height and shielding of Mir with respect
to the other two space stations. Our results
provide further insight into the overall effects
of the space environment on humans.
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