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0. Abstract

Observational constraints on cosmic abundances of
negative-mass compact objects & Ellis wormholes

from SDSS quasar lens survey

Source
(quasar)
‘ Lens
Observer
= Ellis wormhole & Negative mass object

If there are Negative masses or Ellis wormholes in the Universe

Distant quasars seen as multiple images by gravitational lensing
SDSS quasar survey didn’t find such multiple images

As a result, we can set an observational upper bound



1. Introduction

Negative Mass Object

: Source of repulsive gravitational force

It has “negative” gravitational mass
The inertial mass can be positive or negative

= \
{ Iél — G‘a-u (Eq. of Motion)
S 7,.2

: Theoretical hypothetical object

: Possible ideas have been discussed since 19" century
in analogy with electric charge

: It have not been found observationally



Motion of Negative Mass in Newtonian Mechanics

m Negative mass (“negative” gravitational mass
& “positive” inertial mass)

@ ordinary matter (positive gravitational & inertial masses)

* Negative mass and Ordinary matter

m “repulsive” ‘

* Two Negative masses

N

N

“attractive”



Negative-Masses Clustering in the Universe

(N Negative mass O Ordinary matter

Dark matter halo composed
of ordinary matter
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Motion of Negative Mass in Newtonian Mechanics

m Negative mass (“negative” gravitational mass
& “negative” inertial mass)

@ ordinary matter (positive gravitational & inertial masses)

= Ordinary matter and Negative mass

N @

“ @ escapes from (0"

N

* Two Negative masses

N

“repulsive”



Negative-Masses Clustering in the Univesers

(N Negative mass O Ordinary matter

Dark matter halo composed

- T~
of ordinary matter l/“ \
\
\ /
M-’ Negative Masses exist in Dark Haloes
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Wormhole

“Tunnel” connects distant space-time

f theoretical prediction of general relativity
" A solution of Einstein Eq.



Ellis wormhole

= a solution of Einstein eq.

 massless scalar field

. a :throat radius
Metric

ds? = dt? —dr? — (r? + a®)(d8? + sin*0dp?)

no interaction with matters
no light emission

light ray path is deflected by gravitational lensing



By studying the negative masses or Ellis wormholes,
we might obtain answers of fundamental questions in Physics :

Q. Why is gravitational force always attractive?

Q. Why is particle (inertial & gravitational) mass
always positive?



Previous upper bound on abundance of negative masses
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FIG. 3. Intensity profile of a gravitationally negative
anomalous compact halo object (GNACHOQO) as it passes near
the source-detector axis DS. The several curves correspond to
minimum dimensionless impact parameter values By = 0.50
(at edge of plot), 0.75, 1.00, 1.25, 1.50, 1.75, 2.00, 2.10, and
2.20 (small central bump). (See text for definitions of the
variables.)



Previous upper bound on abundance of negative masses

Torres+ 1998

Gravitational lensing of distant AGNs(Active Galactic Nuclei) by
negative masses may be detected

Such a lensing event has not been detected

Set an upper bound on the abundance of negative masses

lp| <1073 gcm™3 for |M| = 0.1Mq

Q] < 1077 (cosmological density parameter)



Previous upper bound on abundance of negative masses

Safonova+ 2001

Microlensing of finite-size source

Magnification curve
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Image deformation

ul
00000Qaaans 000008 ST T
Al 1l
F b
£

b

1/l
2

images —9 ;"ﬁ 3

' 1
\ . : !
b1 iV
l.1L \ L ,
4 - !
%
.

lens
radial shear [ ] N
=2 o] 2
: : b1,
FIG. 6. True motion of the source and apparent motion of the

mages for By>2. The inner dashed circle is the Einstein ring. the FIG. 10. Light curves for the negative mass lensing of a point
outer dashed circle is twice the Emstein ring. The rest 1s as 1 Fig. source. From the center of the graph towards the corners the curves
. correspond to Bpy=25. 2.0. 1.5, 0.0. The time scale here 1s &,

divided by the effective transverse velocity of the source.



Previous upper bound on abundance of Ellis wormhole

Magnification light curve
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Constraint on wormhole
with throat radius
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Figure 4. Light curves for ;Je = 0.2 (top left), ,';:a = 0.5 (top right), ;ij = 1.0 (bottomn Icft), and :;J = 1.5 (bottom right). Thick red lines are the light curves for
wormholes. Thin green lines are comresponding light curves for Schwarzschild lenses.

(A color version of this figure is available in the online journal.)



Previous upper bound on abundance of Ellis wormhole

Yoo+ 2013

Gravitational lensing of distant GRBs(Gamma Ray Bursts) by
wormholes

Such an event has not been detected

Give an upper bound on its number density

n<107°AU3 for a = 0.1cm



Observational data we used

SDSS (Sloan Digital Sky Survey) Quasar Lens Search

Largest homogeneous sample of Quasars

= # of quasars 50836

" redshifts z=0.6-2.2

= apparent magnitude <19.1(i band)

* Lensed quasar systems 19 (image separations 1-20arcsec)

= No multiple image lensed by negative masses and Ellis wormholes



Lensing by Negative Mass

Negative point mass(M < ()

Deflection angle is same as ordinary point mass lens,
but its sign is opposite

Deflection angle

Impact parameter Lens



Lens Equation

Source

Observer
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# of images

Source

f > 20g double images

Image+
0,

Image—

6_




# of images

f < 20g zero image




# of images

p = 20k

single image

Infinite magnification

Source



Gravitational lensing by Ellis wormhole
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Deflection angle
Impact parameter
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Lens equation

IB 0 83 V) Einstein radius
— Y T UE 1/3
|9|3 0 _(TL’CLZ DLS) /
E— 2
4 DjDg

Double images form

throat radius estimated from Einstein radius

3/2 1/2
_ ~1.-(PE D;Ds/DLs
a = 10h pc(l,,) (1h‘1GpC)2]

throat radius a = 10 — 100pc



Negative Masses & Ellis Wormholes are distributed homogeneous

Number density of lensesn - Lensing probability c<c n

Sources

Lenses (Quasars)

Observer



Upper Bound on Cosmological Number Density of Negative Mass
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Upper Bound on Cosmological Number Density of Negative Mass
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negative—-mass object
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Upper Bound on Cosmological Number Density of Negative Mass
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Upper Bound on Cosmological Number Density of Ellis Wormhole

Ellis wormhole

-
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o

upper bound

Number density
n (Mpc/h)™

1075k

10° 10°

throat radius a (pc/h)



Upper Bound on Cosmological Number Density of Ellis Wormhole

Ellis wormhole

Image separation < larcsec -
E &‘IJ \ 8 i
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Observational Upper Bound on Black Hole Abundance
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Search Negative Masses in Cosmic Voids via Weak Lensing

Negative masses may reside in cosmic voids

Density contrast

s=C-1

p

If 6 < —1 evidence of negative masses

Under dense region (convergence <0 or 6<0) already measured

Future surveys (Subaru HSC etc.) will measure its density profile



First measurement of void density profiles in SDSS

Enclosed surface density
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Summary

* Negative Mass Object
n < 1078(10~*) h3Mpc—3

for mass |M| > 10*°(10%)M
Q] < 107™* formass M = 10147 Mg
= Ellis Wormhole

n < 10~* h3Mpc—3

for throat radius a = 10 — 10%pc
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i) SIS (singular Isothermal Sphere)
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SDSSER A T—R LD LLE
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FIG. 6. True motion of the source and apparent motion of the

mages for By>2. The inner dashed circle is the Einstein ring. the FIG. 10. Light curves for the negative mass lensing of a point
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divided by the effective transverse velocity of the source.
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Lo XHESE

negative—mass object
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negative—mass object Ellis wormhole
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Inertial and Gravitational mass

* Inertial mass Eq. of motion

;;;;

my ,"mlazF

NNNN

. . Gravitational force
* Gravitational mass

me G( mgMg

Gravitational mass is Negative

(Inertial mass can be positive or negative)



Dynamics of Negative Masses under Newtonian mechanics

* Caseof Mg < 0 & my > 0

. Ordinary matter ( mg >0& m; >0 )
(D Negativemass (mg <0 &m;>0 )

Two Negative masses

N

N

“attractive”



Dynamics of Negative Masses under Newtonian mechanics

* Caseof Mg < 0 & m; <0

. Ordinary matter ( mg >0& m; >0 )
() Negativemass (m; <0&m; <0 )

Ordinary matter and Negative mass

N

“Ordinary Matter Escapes from Negative Mass”



Dynamics of Negative Masses under Newtonian mechanics

* Caseof Mg < 0 & m; <0

. Ordinary matter ( mg >0& m; >0 )
() Negativemass (m; <0&m; <0 )

Two Negative masses

N

N

“Repulsive”



0. Abstract

observational constraint on cosmic abundances of
Ellis wormhole & Negative mass compact object

from SDSS quasar lens survey

Source
(quasar)
‘ Lens
Observer
= Ellis wormhole & Negative mass object

If there are Ellis wormholes and Negative mass objects in the Universe

Distant quasar seen as multiple images by gravitational lensing
SDSS quasar survey didn’t find such multiple images

As a result, we can set an observational upper bound



Lens Equation

a
____________ Source
Observer R
Dis
Lens equation 7
Ok
,8 =0+ ? Einstein radius

D
o= 1M1 2



# of images

p = 20k

single image

Infinite magnification

Source



