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Ho= 70.6 = 3.1 km/s/Mpc (I lens, Suyu et al. 2010)
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ON THE POSSIBILITY OF DETERMINING HUBBLE’S PARAMETER
AND THE MASSES OF GALAXIES FROM THE GRAVITATIONAL

LENS EFFECT* o IFEIDIEN
Sjur Refsdal

(Communicated by H. Bondi) 'Z(\ H % /j% @ %
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Summary
The gravitational lens effect is applied to a supernova lying far behind and ji L/ 7'— jz
close to the line of sight through a distant galaxy. The light from the super- a1 C AT

nova may follow two different paths to the observer, and the difference At in
the time of light travel for these two paths can amount to a couple of months
or more, and may be measurable, It is shown that Hubble's parameter and ® ':95' Lj: LZJE:I' ;F" /_E
the mass of the galaxy can be expressed by At, the red-shifts of the supernova
and the galaxy, the luminosities of the supernova ‘‘ images '’ and the angle —_ S \\
between them. The possibility of observing the phenomenon is discussed. Ea j ’ l/ / 75

1. Introduction.—In 1937 Zwicky suggested that a galaxy, due to the gravita- % 5 n—(
tional deflection of light, may act as a gravitational lens. He considered the case of

a galaxy 4 lying far behind and close to the line of sight through a distant galaxy B. \1 7"

If the line of sight through the centre of B goes through A4, the ‘““image ’’ of A -
will be a ring around B, otherwise two separated ‘‘images’’ appear, on opposite

sides of B. The phenomenon has later been discussed by Zwicky (1957) and

Klimov (1963), and they both conclude that the possibility of observing the

nhenaomenonn chanld e onad  Tn the nrecent naner the cace af 2 ennernava
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Oguri & Marshall MNRAS 405(2010)2579
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SN (Ia) SN (cc)

Survey Nnonlens Nlens Nnonlens Nlens Note
SDSS-11 4.34 x 102 0.003 (54%) 1.09 x 103 0.01 (40%)

SNLS 7.52 x 102 0.03 (24%) 1.44 x 10%  0.05 (26%)

PS1/3m 3.34 x 10*  0.28 (53%) 8.23 x 10*  0.97 (39%)  detections only
PS1/MDS 2.93 x 10 0.09 (32%) 6.05 x 102 0.16 (30%)

DES/wide 8.30 x 10* 2.7 (29%) 1.62 x 10° 4.9 (29%)  detections only
DES /deep 8.95 x 102 0.04 (22%) 1.80 x 103 0.07 (24%)

HSC/deep 1.10 x 103 0.06 (18%) 2.56 x 10°  0.13 (21%)

JDEM/SNAP® 1.36 x 10* 2.9 (13%) 5.39 x 10*  12.0 (18%)

LSST 1.39 x 10  45.7 (32%) 2.88 x 109 83.9 (30%)

® Pan-STARRS, DES, HSC 73 & T3 R HA
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Observer-frame days from MJD=56964 Kelly et al (20 | 5)
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2014/11/23 Kelly et al. arXiv:1411.6009 (&R HNX)

2014/11/24 Oguri arXiv:1411.6443
[Atsas1=23days, Atsx-si=360days, Atsy.si=—6200days]

2014/11/25 Sharon & Johnson arXiv:1411.6933vl
[Atsa.si1=45days, Atsx-si=1330days, Atsy.s1=—4900days]

2015/02/03 Sharon & Johnson arXiv:1411.6933v2
[Atsasi=7days, Atsx.si1=240days, Atsy.si=—4300days]

2015/04/22 Diego et al. arXiv: 1504.05953
[Atsasi=———, Atsxs1=380days, Atsy.si=—3300days]

2015/09/30 Jauzac et al. arXiv:1509.08914v |
[Atsa.si=—16days, Atsx-si1=530days, Atsy.si=—4200days]

2015/10/14 Jauzac et al. arXiv:1509.08914v3
[Atss.s1=—60days, Atsx.si=450days, Atsy.si=—4700days]
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Treu et al. arXiv:1510.05750
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— WSLAP+ (Diego, Broadhurst)

— GLEE (Grillo, Suyu, Halkola, et al.)
- glafic (K&, JI{R, A1E)

— Lenstool (Sharon, Johnson)
— LTM (Zitrin)
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http://www.slac.stanford.edu/~oguri/glafic/
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http://www.slac.stanford.edu
http://www.slac.stanford.edu

Kawamata, Oguri, Ishigaki, Shimasaku & Ouchi arXiv:1510.06400
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