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Synopsis: Catching Rays in the Sun’s Shadow

Kazumasa Kawata/Tibet ASy Collaboration

Probe of the Solar Magnetic Field Using the “Cosmic-Ray Shadow” of the Sun

M. Amenomori et al.

Phys. Rev. Lett. 111, 011101 (2013)
Published July 1, 2013

For a cosmic-ray detector, the Sun is a dark spot in the sky. That’s because the Sun blocks the path of
high-energy particles coming from outside the solar system. However, the lines of the Sun’s shadow can
be blurred by deflections in the Sun’s magnetic field, as confirmed for the first time by a high-altitude
cosmic-ray detector in Tibet. As described in Physical Review Letters, cosmic rays offer a unique probe of
the hot, million-kilometer-thick corona that surrounds the Sun.

The Sun’s magnetic field is well characterized at large distances from the Sun, where the field lines are
carried outward by the solar wind. But little is known about the magnetic field inside the corona—the
outer halo of plasma where the solar wind originates. One commonly used model assumes that the coronal
field is a simple extrapolation of the magnetic potential on the Sun’s surface. A more sophisticated model
incorporates the effect of sheets of electric current believed to flow through the corona.

To help distinguish these two models, the Tibet Air Shower Gamma (ASy) Collaboration has studied
cosmic rays coming from the direction of the Sun. The detector array observes the particle showers that

http://physics.aps.org/synopsis—for/10.1103/PhysRevLett.111.011101 1/3 R—=2

In the shadow of the Sun : Nature Physics : Nature Publishing Group 2013/12/20 18:16

In the shadow of the Sun

David Gevaux

Nature Physics 9, 454 (2013)  doi:10.1038/nphys2722
Published online 01 August 2013

Phys. Rev. Lett. 111, 011101 (2013)

Magnetic-field lines around a bar magnet are easily imaged using iron filings and a piece of paper.
However, applying such a technique to the Sun is not so simple, unfortunately, as knowledge of its
field could help predict changes in solar wind that affect our planet. The Tibet ASy Collaboration
now shows that a 'shadow’ cast on the Earth by the Sun is a sensitive probe of this complex
magnetic structure.

©ISTOCKPHOTO/THINKSTOCK

Cosmic rays travel to Earth from outside the Solar System. The Sun blocks some of them, creating
a cosmic-ray shadow. The researchers analysed data taken from the Tibet Air Shower Array — a
y-ray detector high in the foothills of the Himalayas — to monitor how the intensity of this shadow varied between 1996 and 2009: the
shadow is darker when solar activity is at a minimum, they found.

Comparing these data with the predictions of two different theoretical models of the magnetic field in the solar corona, it seems the
results support a model that incorporates the influence of electric currents flowing through the corona.
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FIG. 3 (color online). Temporal variations of (a) the monthly
mean sunspot number [24], (b) the deficit intensity due to the
Sun’s shadow, and (c¢) the deficit intensity due to the Moon’s
shadow. The open squares in the panel (b) are the observed
central deficit (D). The blue triangles, green squares, and red
circles indicate the central deficits (Dyc) by the MC simulations
assuming the PFSS (R = 2.5R), the CSSS (Ry = 2.5R,),
and the CSSS (R = 10.0R ) models, respectively. The dashed
lines in the panels (b) and (c) are the deficits expected from the

apparent angular size of the Sun and the Moon.
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TABLE 1. Results on the y? test for the consistency between
data and MC models using the systematic error (only the
statistical error).

MC models x> /DOF* Probability

PFSS R, = 2.5R,  44.5(55.2)/14 4.9 X 1075(7.9 X 1077)
CSSS R, = 2.5k,  21.1(26.2)/14 0.099(0.024)
CSSS Ry, = 10R,  8.3(10.3)/14 0.87(0.74)

“Y° is defined in Eq. (1) and DOF means degrees of freedom.
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FIG. 4 (color online). Simulated trajectories of antiparticles
ejected toward the Sun from the Earth in CRI1910 (year 1996)
presented in HEE coordinates. Only trajectories of antiparticles
hitting the Sun are plotted. The three panels refer to simulations
assuming (a) the PFSS (R = 2.5Ry), (b) the CSSS (R =
2.5R), and (c) the CSSS (R = 10.0R ) model, respectively.
The inner solid and outer dashed circles indicate the size of the
photosphere and the SS, respectively.
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