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What i1s the ICRF?

A realization of the ICRF consists of a set of precise

coordinates of extragalactic radio sources (accuracy Is better
than 250 pas in fact its tends to 50 uas):

quasars,
BL Lac type objects,
active galactic nuclel (AGN).

The reason is that the proper motion of these radio sources
IS expected to be negligibly small because of their
remoteness.

Expected proper motion is 10 nas/yr



Expected motion
and apparent motion

Proper motion of source
(linear motion, constant flux)

Z=1,V=100km/s > u~ 0.01 pasly

1044+719

z=1.150

scale = 8.286 kpc/”

|u|= (0.04320.002)mas/yr
V;:=1.2c (apparent)
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The first adopted catalogue

(608 sources).

The first realization of the ICRF (catalog) was constructed in 1995 by a
reanalysis of the VLBI observations
(Ma et al. 1998).

212 of these are defining sources providing a core of the ICRF (Ma et
al. 1998). The estimated source position uncertainty for the ‘defining’
sources is about 0.25 mas.

294 ‘candidate' sources have fewer observations.

102 ‘other’ sources were added to densify the ICRF.

The radio source positions for the current ICRF realization were
obtained from the analysis of observations from 1979 to mid 1995.

Two extensions have been announced since 1995 covering
observations at 1994 through 2002 (Fey et al. 2001, 2004). Positions
for 109 new radio sources were added to the list of the initial ICRF
catalogue.
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Representation of
apparent motion

e Decomposition of apparent
velovity into a set of vector
spherical harmonics

e Eand M modes

i(a,8)=> (@Y +amY,y)
|, m



Dipole harmonic




Origin of apparent motion

Measurement errors

Blandford - Rees effect
(superluminal motion)

Accelerated motion of the Solar system

Nonstationary and achromatic space-time
perturbations



Accelerated motion of
the Solar system

k = K + 5 x [V x K]+ 1q><[A><K](t t,)
C
2
ﬁ:EAzlv N
C C R

u =4 pas/ yr -estimated
by Kopeikin and M akarov based on
modern model of our Galaxy



< and K are proper and apparent
nositions of a source

K = (sin @ ¢os @, sin dsin ¢, cos 6)
A=(a,,a,,a,)
.ok 1

=~ K x[AxK
H=—= | ]

In spherical basis{€,,€,,€ }
u(@,p) =€,(a, cosdcosp+a, cosésing —a,sing)
+€,(a, cos¢ —a, singp)

Apparent motion urepresent dipole spherical harmonic



ﬁ:i Z(alm +a|m )

a, = lm(all)\r
d, _Re(all)

a, = Re(a; O)\/i



pas/year

cat 1 cat 2 cat 3
1=1 6.5+0.3 16.3+£0.2 7.5+0.2
=1..2 7.2+0.3 12.5+0.3 3.6+0.3
=1.. 6.9+0.3 13.8+0.3 9.8+0.3
=1..4 7.3+£0.4 13303  7.£0.3










Value of secular apparent velocity measured is

u="71x2uaslyr

that coinsides with result of TitovO. and
It 1S twice larger then expected

from theoretical assumption

Possible explanation:

Noncircular motion of Solar system
inside our Galaxy

Dark object in vicinity of the Solar
system

MOND gravity for these scales (almost
perfect match)



Nonstationary and achromatic
space-time

Cosmological gravitational wave
background

Scalar perturbation induced by Dark
Energy fluctuations



A gravitational wave traveling toward +z, with the “+”polarization, produces metric
perturbations h cos Ot (x x -y y ) in the background coordinate reference frame, where
h is the dimensionless strain of the wave, Q is its angular frequency, and t is time. In the

observer’s frame, the observed proper motion £ of a radio source at position (6, ¢) will
be

1= %Qh sinQ277sin 6(€, Cos 2¢ — € SIn 2¢)






fi = QsinQ [0 (75 +V.E, ~Vh +¥1%) -




Declination [deg.]
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Cosmological
Gravitational

Waves

A isan amplitudeof a perturbation

k3/2h(k)

A, ~5107° is theamplitude of scalar perturbation

according WM AP measurements

A is predicted by theory(RSV, 1982)

A; =0.2e A, according to BICEPZ experiment

A, =

1
2




Apparent angular velocity induced by
Cosmological Gravitational Waves

2
U= ,/ \/ j d’ k kz% is average angular ve locity

- —30108 yr
1,LlaS

yr
Current accuracy IS g HAS

yr
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