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RGB 1745+398

● BL Lac object
– Redshift z=0.267

● Elliptical galaxy
– X-ray luminosity 

● Blue arc
– Redshift z=1.057
– Distant from the BL Lac 8''
– Length 14''

1.2×1044erg / sec



Gravitational lensing

● Gravitational field deflects light rays
● A background source can be seen in a different 

shape when its light passes a massive object
● Makes it possible to “see” some dark matter





Strong and weak lensing

● Strong lensing
– Multiple images
– Arcs
– Background source 

near the lens object 
line of sight

● Weak lensing
– Only one image
– Ellipse
– Background source far 

from the lens object 
line of sight



Strong and weak lensing
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Distances of 1745+398

zd=0.276 z s=1.057 zds=0.623

Dd=840Mpc Ds=1680Mpc Dds=1240Mpc

=8 ' '⇒=33kpc



Mass from lensing
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Mass from lensing
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Mass inside the arc:

M 8 ' ' =9±4×1012M solar



Purpose of observations

● To find out if there is a cluster around            
RGB 1745+398

● To measure redshifts of its galaxies
● To calculate the velocity dispersion of the cluster
● To determine the richness of the cluster



Observations

● Observations were done in July 1998
● Nordic Optical Telescope, ALFOSC
● Long-slit spectroscopy in 5 positions

– As many targets on one measurement as possible
● Wavelength range from 5000 to 8000 Å
● Absorption lines CH G, Hß, Mg b, Fe I and Na D 

were measured if possible



Spectrum



Measurement results

● Redshifts of nine galaxies were measured
● Result: There is a cluster with average redshift

z=0.268±0.006



Galaxies measured
A

B

C

D
E

G

F

H

I

Object Redshift Velocity (km/s)
 A 0,266 -400
 B 0,271 690
 C 0,268 100
 D 0,270 500
 E 0,270 600
 F 0,267 -240
 G 0,267 -100
 H 0,265 -600
 I 0,266 -470

v=cz−c z
1z



Velocity dispersion
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Isothermal sphere

Singular isothermal sphere:
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Softened isothermal sphere:

r =
v

2

2G r2r c
2

=
0

12/c
2 0=

v
2

2Gc



Core radius
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Surface density
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Mass of the cluster
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Mass of the cluster

M 500=M r500=4±3×1014M solar

r500≈1Mpc radius in which the density is larger
than 500 times the critical density of
the Universe



Popesso et al. 2005, A&A, 433, 431



Richness

● Determined by counting the galaxies in the 
cluster and background

● Usual expressions:
– Galaxy-galaxy spatial covariance function amplitude
– Abell richness class

● Correlates with mass, luminosity and velocity 
dispersion

Bg g



Determination of           

1 Galaxies at 500 kpc or closer to the center of 
cluster are counted.

2 Background galaxies on a same sized area near 
the cluster are counted.

3 Angular cross-correlation function 

Bg g

Ag g=
N tot−N b

N b
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Determination of        ,   continued

4 Spatial covariance function is obtained by scaling 
        with universal luminosity function                 
 and average surface density of galaxies        

Bg g

Ag g mlimit , z 
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Galaxy counting results

N tot=96 N b=73

Calar Alto 3.5 m telescope, B band image,
limiting magnitude 24.5



Richness of clusters with BL Lac 
objects

0 1 2

Wurtz et al. 1997, ApJ, 480, 561



Future possibilities

● Confirming the results of Wurtz et al. 1997.
● Testing the unification scheme of BL Lacs and 

FR 1's


