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Exploring
exotic matter and energy

by gravitational lensing
=

Kitamura, Nakajima, lzumi, Hagiwara,
R.Takahashi,
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“Gravitational Lens” (GL)
as a powerful tool

NASA/HST

HST - WFPC2

Gravitational Lens
Galaxy Cluster 0024+1654
PRC96-10 - ST Scl OPO - April 24, 1996

W.N. Colley (Princeton University), E. Turner (Princeton University),
J.A. Tyson (AT&T Bell Labs) and NASA
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GRAVITATIONAL MICROLENSING BY THE ELLIS WORMHOLE
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ABSTRACT

A method to calculate light curves of the gravitational microlensing of the Ellis wormhole is derived in the
weak-field limit. In this limit, lensing by the wormhole produces one image outside the Einstein ring and another
image inside. The weak-field hypothesis is a good approximation in Galactic lensing if the throat radius is less
than 10'' km. The light curves calculated have gutters of approximately 4% immediately outside the Einstein
ring crossing times. The magnification of the Ellis wormhole lensing is generally less than that of Schwarzschild
lensing. The optical depths and event rates are calculated for the Galactic bulge and Large Magellanic Cloud
fields according to bound and unbound hypotheses. If the wormholes have throat radii between 100 and 107 km,
are bound to the galaxy, and have a number density that is approximately that of ordinary stars, detection can
be achieved by reanalyzing past data. If the wormholes are unbound, detection using past data is impossible.
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Figure 4. Light curves for ,30 = 0.2 (top left), 30 = 0.5 (top right), ,30 = 1.0 (bottom left), and ,@0 = 1.5 (bottom right). Thick red lines are the light curves for
wormholes. Thin green lines are corresponding light curves for Schwarzschild lenses.

(A color version of this figure is available in the online journal.) M L S Z“ ‘ - ; 6 ﬁ% '
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Kitamura, Nakajima, HA(201 3)

ds* = —(1 — 8—;)dt2 + (1 + 2)dr2

+ r2(d6? + sin’0d ¢?) + 0(8%, 8%, £1€7),
(1) /A TFiB, HDOFFLE
(2) BLVIBDIEM

(3) n=1: BEDXE
n=2 : 7—Lix—)l
(BFZ=D > RIV)
BEADHLE : Bozza+ (20 16)
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n=0 : Singular Isothermal Sphere (SIS)

xomsum (b)) =

n=1 : Schwarzschild

n=2 : Ellis Worm Hole (EWH)

RUBAH Y BHINZICIRIS

Tsukamoto and Harada (20 13)
S/RTCIFZERE & DRYE

Tsukamoto, Kitamura, Nakajima, HA (20 14)
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Kitamura+ (201 3)
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PHYSICAL REVIEW D 88, 024049 (2013)
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First cosmological upper bound
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OBSERVATIONAL UPPER BOUND ON THE COSMIC ABUNDANCES OF NEGATIVE-MASS COMPACT
OBJECTS AND ELLIS WORMHOLES FROM THE SLOAN DIGITAL SKY SURVEY QUASAR LENS SEARCH

RYUICHI TAKAHASHI AND HIDEKI ASADA
Faculty of Science and Technology, Hirosaki University, Hirosaki 036-8561, Japan
Received 2013 March 6; accepted 2013 April 4; published 2013 April 17

ABSTRACT

The latest result in the Sloan Digital Sky Survey Quasar Lens Search (SQLS) has set the first cosmological constraints
on negative-mass compact objects and Ellis wormholes. There are no multiple images lensed by the above two
exotic objects for ~50,000 distant quasars in the SQLS data. Therefore, an upper bound is put on the cosmic
abundances of these lenses. The number density of negative-mass compact objects is n < 1078(10™*) 23 Mpc ™ at
the mass scale |M| > 10'3(10'?) M, which corresponds to the cosmological density parameter |Q| < 10~ at the
galaxy and cluster mass range | M| = 102713 M. The number density of the Ellis wormhole is n < 10~ 13 Mpc ™3
for a range of the throat radius a = 10—-10* pc, which is much smaller than the Einstein ring radius.

Key words: cosmology: observations — gravitational lensing: strong
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