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We consider the possibility of testing light bending in a ground laboratory by using a non-linear
quantum effect. We consider a high-power laser or an X-ray free-electron laser (XFEL) to be the
source of light and a charged coupled device (CCD) to be the detector. As the source of the lensing,
we consider the electric charge for cylindrical and spherical conductors, the magnetic field due to
a superconducting solenoid magnet, and the radiation from cylindrical and spherical black bodies.
We estimate the orders of magnitude of the bending angles. The bending angles are on the order
of 1078 rad for electric charges, 102! rad for the magnetic field of a solenoid, and 10~2° rad for
black-body radiation. These value are too small compared to the maximum angle available today
(1077 rad).
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Fig. 1. Schematic of light bending by a cylindrical charge
along the z-axis or a spherical charge at the origin.
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Fig. 2. Schematic of light bending by a magnetic dipole
along the y-axis.
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Fig. 3. (Color online) Schematic of light bending by a
solenoid of length 2.
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-
Y
N
2
A
2
()
>
filo
e
[o
N
rlr
oY,
fru

E XY T
Lo
m{
3
g_L
)i
O

“Hu
—_&44.4
oy
(e
kv

)
N
%

R
B oaf o of T

rlr

LT T < A e R - Y A

7}
o2k 10~ 7rada} Eaii=d 7% ol woAle &
2250l Ats AA3tel o8t o2 10718 rad
o] e exd =P s ST AAE AN

3t

O L

>
e}
o}
[
N

4 Lo >
2
o ot

>E[0L9.9,
T

2

o

o
)

] (12A12840581).

d

REFERENCES

[1] W. Heisenberg and H. Euler, Z. Phys. 98, 714
(1936).

[2] J. S. Schwinger, Phys. Rev. 82, 664 (1951).

[3] Z. Bialynicka-Birula and I. Bialynicki-Birula, Phys.
Rev. D 2, 2341 (1970).

[4] H. Gies and W. Dittrich, Phys. Lett. B 431, 420
(1998).



Order-of-magnitude Estimate for the Bending Angle of Light by Modified QED Vacua — Jin Young KiM* et al. 1121

[5] W. Dittrich and H. Gies, Phys. Rev. D 58, 025004
(1998).

[6] H. Gies, Phys. Rev. D 60, 105033 (1999)

[7] N. J. Shaviv, J. S. Heyl and Y. Lithwick, Mon. Not.
R. Astron. Soc. 306, 333 (1999).

[8] V. I. Denisov, I. P. Denisova and S. I. Svertilov,
Dokl. Akad. Nauk. Ser. Fiz. 380, 435 (2001).

[9] J.S. Heyl and N. J. Shaviv, Phys. Rev. D 66, 023002
(2002).

[10] V. I. Denisov and S. I. Svertilov, Astron. Astrophys.
399, L39 (2003).

[11] J. S. Heyl, N. J. Shaviv and D. Lloyd, Mon. Not. R.
Astron. Soc. 342, 134 (2003).

[12] V. L. Denisov, I. P. Denisova and S. I. Svertilov,
Theor. Math. Phys. 140, 1001 (2004).

[13] V. I. Denisov and S. I. Svertilov, Phys. Rev. D 71,
063002 (2005).

[14] A. Dupays, C. Robilliard, C. Rizzo and G. F. Big-
nami, Phys. Rev. Lett. 94, 161101 (2005).

[15] A. Y. Potekhin, V. Urpin and G. Chabrier, Astron.
Astrophys. 443, 1025 (2005).

[16] D. Mazur and J. S. Heyl, Mon. Not. R. Astron. Soc.
412, 1381 (2011).

[17] T. Heinzl, B. Liesfeld, K. -U. Amthor, H. Schwoerer
and R. Sauerbrey et al., Opt. Commun. 267, 318
(2006).

[18] A. Di Piazza, K. Z. Hatsagortsyan and C. H. Keitel,
Phys. Rev. Lett. 97, 083603 (2006).

[19] B. King, A. Di Piazza and C. H. Keitel, Nat. Pho-
tonics 4, 92 (2010).

[20] J. Y. Kim and T. Lee, Mod. Phys. Lett. A 26, 1481
(2011).

[21] J. Y. Kim and T. Lee, J. Cosmol. Astropart. Phys.
11, 017 (2011).

[22] J. Y. Kim and T. Lee, New Phy.: Sae Mulli 62, 1176
(2012).

[23] J. Y. Kim and T. Lee, New Phy.: Sae Mulli 63, 1202
(2013).

[24] J. Y. Kim and T. Lee, J. Cosmol. Astropart. Phys.
01, 002 (2014).

[25] C. Kittel, Introduction to Solid State Physics (John
Wiley & Sons, 1976).

[26] J. Callaway, Quantum Theory of the Solid State
(Academic Press, 1974).



