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ABSTRACT. Considering increasing requirements
to the coordinates measurement precision by the end
of XX century International Astronomical Union com-
menced implementation of the new astrometric system
ICRF (International Celestial Reference Frame). This
quasi-inertial reference frame system centered in the
barycenter of the Solar System and has axes defined by
the positions of distant extragalactic sources — frames.
Unlike equatorial system ICRF has no shortcomings
of the coordinates identification due to the Earth axis
precession, stellar proper motions and other factors.
Extragalactic frames of the ICRF system are mostly
quasars, radio galaxies, blazars and Seyfert galaxies
i.e. different types of the active galaxy nuclei (AGN).
Active galaxy nuclei are characterized by processes
with significant.  Such processes quite often are
followed by X-ray emission generation. The purpose
of this work is to consider X-ray emission of ICRF
sources and features of their possible proper motions.
Among 295 selected reference frames of the system we
identified 54 X-ray sources which were observed by
space observatory XMM Newton and noticed rapid
variability of the blazars 2E 2673 (W Com) and 2E
1802 which enables to conclude that they have some
very active processes in the sources centers. With
regards to the future more detailed analysis we beleive
that evidences of the objects proper motion could
be found in their spectra. Based on the constructed
luminosity and spectral graphs we could conclude that
apart from above mentioned AGNs rest 52 objects
do not show veriability and special attention should
be paid to blazars within ICRF system development,
and use. Major part of the X-ray sources between the
reference frames are stable.

Keywords: ICRF, reference systems, galaxies: active,
X-rays: galaxies.

ABCTPAKT. 3saxkawouu Ha 3pOCTAOYl BUMOIH
JO TOYHOCTI BUMIPIOBAHHSA KOOPJWHAT, HAIPUKIHII
XX cromirra Mixuaapoguuii AcTpoHOMIYHMIL COMO3
3alpoBaiuB HOBYy acrpomerpuuny cucremy ICRF
(International Celestial Reference Frame). s

KBa3iiHepIliaibHa CHUCTEMA KOOPJIWHAT Ma€ IIEHTP B
6apunenTpi Consganol cucremu Ta i1 Bici BUBHAYAIOTHCA
TTOJIOYKEHHSIM BiIJAJIEHUX TO3araJIAKTUIHUX JIKEPETT
- ¢dpeiivie. Ha BinMiny Bim eKBaTOpiaJbHOI CHCTEMH,
ICRF mnoz6aBnena HenosikiB BU3HAYEHHS KOODIMHAT,
MO TMOBs3aHI 3 TPEINEci€lo, BJIACHUM PYXOM 3ipoK
Ta inmmMmu dakropamu. [lozarajgakTuvHi gKepesa
cucremu ICRF sBisitors cobot0, SIK MPABUIIO, KBA3APH,
pamiorasakTuK, 61a3apu i ceiipepTiBChbKI TaIakTHKH,
TOOTO Pi3HI THIN AKTUBHUX sjep FaJakTHK. AKTHBHI
anpa ranaktuk (AT xapakTepusyorbes nporecamu
3 3HAYHAMHU IMBUAKUMHU pyxamu. Taki mporecu 4acto
CYIIPOBO/RKYIOTHCH BUHHUKHEHHSIM DEHTTE€HIBCHKOIO
BUMpPOMiHeHHsi. MeTow maHOi poOOTH € BUBYEHHS
peHTreHiBcbKOro pumpominoBanus axepen [CRF
Ta 0CODJMBOCTI X MOXKJIMBOIO BJIACHOTO PYXY.
Cepen 295 BuszHauenux omnopHuX dpeiMiB cucrtemu
Mu 3HafmLIm 54 PEHTreHiBCBKHX JIKepesa, dKi
crocrepirasuca  KocMigHow —obcepBaropieio  XMM-
Newton Ta BCTAHOBUIAH, IO IMBUAKY MIiHJIUBICTH
crekTpy Matorh Omazapu 2E 2673 (W Com) rta 2E
1802, mo m03BOsgE 3pOOUTH BUCHOBOK TIPO y2Ke
AKTHBHI TIPOIECH B IEHTPl JKepena. 3 OIgay Ha
mpoBedeHHsT Oi/bII TIOBHOIO aHAJI3y MU BBaXKaEMO,
MO MOXKYTh 3HANTHCS CBiTONTBA BJACHUX DPYXiB B
ix cmexkrpax. bBasyounch Ha TOOYIOBAHUX KPHUBUX
OMCKYy Ta CIEKTPaX MOXKHA, 3a3HAYUTH, IO OKPIM
BUINEHABEIEHNX AKTUBHUX 7€ TagakTukK 52 06’eKTu
HE JIEMOHCTPYIOTH 3MIHHOCTI. Mwp npwmitiin - 70
BUCHOBKY, III0 B PAMKaX PO3POOKU Ta BUKOPUCTAHHS
cucremu ICRF HeoOxinHo npuainsaTu ocobiauBy yBary
Oa3apam. BinbmmmicTh pEHTTEeHIBHCKUX [IZKepesa B
omopHUX (ppeiiMax CUCTEMH € CTAOLITHbHUMH.

ICRF, cucrema

aKTHBHI,

KarouoBi cioBa:
KOOPIHMHAT, TAJAKTHKU:
BUIIPOMIHEHHSH: TaJaKTHKH.

OIIOPHUX
PEHTTEeHIBChKE

1. Introduction

ICRF is a frame of reference defined by the posi-
tions of extragalactic sources. The most appropriate
extragalactic sources should be very luminous so it is
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obvious that many of them are active galactic nuclei
(AGNs). They always has some active processes and
rapid motion in the center.

Active galactic nuclei are complex phenomena. At
the heart of an AGN there is a relativistic accretion
disk around the spinning supermassive black hole. In
the center of the galaxy the emissions of relativistic
particles occurs as narrow and uniform brightness jets.
Curious that, their observation may indicate that the
center of image is moving with speed over the speed of
light (Schneider, 2006). The explanation of this effect
is that we can only observe the movement of a projec-
tion on area perpendicular to the field of vision. The
effect of "superluminal" expansion is observed in jets
moving toward the observer at a small angle to the line
of sight. Blazars has the smallest value of this angle
among other types of AGNs, so we considered to check
spectra for available BL Lacs in ICRF to identify pos-
sible motion.

The accuracy of ICRF is 40 microarcsec!. AGN
with typical redshift z=1 may have relativistic radiojet
with knots passing through this angle in few years.
Such relativistic motion in the AGNs could be detected
by astrometric methods in the nearest future. Some
signs of these processes can be checked in X-ray band.
X-ray emission is generated in the very center of AGN
and is influenced by the fastest motion of the matter.
The aim of this work is to consider X-ray emission of
ICRF sources and to look for signs of their possible
proper motion. For this purpose we used 3XMM-DR4
catalog (Rosen et al., 2015) of X-ray sources based
on observational data from modern space observatory
XMM-Newton. We checked light curves of all X-ray
ICRF sources and made certain conclusions about
their stability.

2. Identification and analysis of X-ray ICRF
sources

Initial phase of our work was to find ICRF sources
in 3XMM-DR4 catalog. Current version of ICRF
(ICRF2) composed by 3414 sources® and 3XMM-DR4
catalog contains 372728 individual sources. Using X-
ray and optical galaxies from cross-identification sam-
ple (Tugay, 2012) we found that 54 of ICRF sources
are listed in the 3XMM-DR4 catalog. 33 sources of
the sample have only one XMM observation and the
rest 21 sources have two observations each. General
parameters of these sources are presented in the Ta-
ble 1 below. We reviewed X-ray light curves of
these sources using LEDAS database and found that
most of them are constant. The deviation of mean
X-ray flux of 52 objects during the whole observation
does not exceed the half of rms scatter. The example

Lhttp://hpiers.obspm.fr/icrs-pc/, 'TCRF2’ chapter
2http:/ /rorf.usno.navy.mil/ICRF2/

Background subtracted time series Mean Rate= 03402276

14

12

Counts /zec
1
T T
e
1 L

L]
T
1

a5

L L L L
2x10% =10t 4=t s=1a7

Time {meca)

Figure 1: Light curve of 0J287. Example of stable
X-ray source.
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Figure 2: Light curve of 2E 1802 from MOS1 camera.
The time at Fig. 2 and 3 is measured in seconds from
01.01.1998.
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Figure 3: Light curve of W Com from PN camera.

of constant X-ray light curve is presented at Fig. 1.
However, we found X-ray variability of 2E 1802 and
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Table 1: List of X-ray ICRF sources.

N | XMM ID SIMBAD type | Name z

1. J001031.0+105829 | Seyfert 1 Mrk 1501 0.090
2. | J003824.8+413706 | Quasar 5C 3.50 1.353
3. | J005748.84+-302108 | Galaxy TAU 0057+3021 | 0.016
4. | J012642.7+255901 | Quasar 4C 25.05 2.358
5. J014922.3+055553 | Quasar QSO B0146-+056 | 2.347
6. J015002.6-072548 Seyfert 2 TAU 0150-0725 0.017
7. J022239.6+430207 | BL Lac 3C 66A 0.340
8. | J023838.94+-163659 | BL Lac 2E 618 0.940
9. J024008.1-230915 Quasar 2E 638 2.225
10. | J024457.64622806 | Seyfert 1 2E 653 0.044
11. | JO31155.2-765150 | BL Lac 2K 746 0.223
12. | J031301.94+412001 | Seyfert 1 QSO B0309+411 | 0.136
13. | J040748.4-121136 Seyfert 1 2F 938 0.572
14. | J044017.1-433308 Quasar 2E 1127 2.852
15. | J052257.9-362730 | BL Lac 2E 1263 0.055
16. | J053056.4+133155 | Quasar 2E 1289 2.070
17. | J053954.2-283955 Quasar 2E 1496 3.103
18. | J072153.4+712036 | BL Lac 2E 1802 0.300
19. | J084124.3+705342 | Quasar 4C 71.0 2.172
20. | J085448.84-200630 | BL Lac 0J 287 0.306
21. | J095456.8+174331 | Quasar QSO B0952+179 | 1.475
22. | J095524.7+690113 | Super Nova SN 1993J 0.0001
23. | J104117.1+061016 | Quasar 2E 2303 1.270
24. | J105829.64+-013358 | BL Lac 4C 01.28 0.185
25. | J112027.8+142054 | LINER 4C 14.41 0.362
26. | J113007.0-144927 | Quasar 2E 2471 1.189
27. | J121923.24-054929 | LINER NGC 4261 0.007
28. | J122006.84-291650 | LINER NGC 4278 0.002
29. | J122131.64+281358 | BL Lac 2E 2673 0.102
30. | J122222.54+041315 | Quasar 4C 04.42 0.965
31. | J122906.64+-020308 | BL Lac 3C 273 0.173
32. | J123959.4-113722 LINER M 104 0.003
33. | J124646.8-254749 Quasar QSO B1244-25 0.638
34. | J125359.5-405930 | Quasar QSO B1251-407 | 4.464
35. | J125611.1-054721 Quasar 3C 279 0.536
36. | J130533.0-103319 | Seyfert 1 2E 2966 0.278
37. | J131028.6+322043 | BL Lac 2K 2979 0.997
38. | J132527.6-430108 Seyfert 2 CENTAURUS A | 0.001
39. | J132616.5+315409 | Radio Galaxy | 4C 32.44 0.370
40. | J140700.3+282714 | BL Lac Mrk 668 0.076
41. | J140856.4-075226 Quasar QSO B1406-076 1.493
42. | J143023.7+420436 | Quasar 7C 1428+4218 4.705
43. | J151002.9+570243 | Quasar 1E 1508.74+-5714 | 3.880
44. | J160913.3+264129 | Radio Galaxy | PKS 1607+268 0.473
45. | J165352.2+394536 | BL Lac Mrk 501 0.033
46. | J170934.3-172853 | Quasar TAU 1709-1728 0.560
47. | J184208.9+794617 | Seyfert 1 2E 4136 0.056
48. | J201114.2-064403 | Radio Galaxy | PKS 2008-068 0.547
49. | J212912.1-153841 Quasar 2F 4479 3.268
50. | J213032.84-050217 | Quasar TAU 2130+0502 | 0.990
51. | J215155.5-302753 | Quasar QSO B2149-307 | 2.344
52. | J220314.94-314538 | BL Lac 4C 31.63 0.295
53. | J225357.7+160853 | Quasar 3C 454.3 0.859
54. | J235509.4+495008 | Seyfert 2 TAU 2355+4950 0.237
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Table 2: Spectral properties of ICRF BL Lacs. Normalisation unit is 10 %cm =25 keV !

Object ng,10%em=2 | Normalisation | PhotonIndex | x?/d.o.f.
3C66A 7.47 £ 0.49 66.2 £ 2.9 2.5 £ 0.04 1.0698 / 173
2E618 (Grandi, 2006) 1.34 + 0.03 1.55 + 0.02 0.857 / 109
2E1263 (Winter, 2010; Cusumano, 2010) | 6 £ 1 2.14 + 0.01 3.65 / 336
2E1802 (Baumgartner, 2012) 3.81 £ 0.42 2.7 £0.01 9.22 / 89
0J287 20 + 4 44.6 +£ 1.1 1.75 £ 0.01 3.046 / 324
4C01.28 1.89 + 0.23 55.8 £ 1.5 1.814 + 0.018 | 1.0073 / 305
2E2673 (Piconcelli, 2002) 0.64 + 0.37 1.32 4009 | 1.73 / 196
3C273 (Reeves, 2000; Donato, 2001) 1.79 £ 0.2 1.55 £ 0.02 0.857 / 1093
2E2979 0432 £1.28 | 745+ 1.3 1.668 £+ 0.011 | 1.0655 / 399
Mrk668 <0.01 2.2 + 0.66 0.98 £ 0.13 2.905 / 8
Mrk501 2.70 £ 0.07 991 + 40 2.49 £ 0.06 1.7800 / 316

2F 2673 (W Com) blazars during XMM observations
dated 04.04.2004 and 22.06.2002 respectively (Fig. 2-
3). Such variability can not be explained by soft proton
solar flares which were observed for a number of other
ICRF sources. So these two blazars are typical exam-
ples of the most active galactic nuclei with rapid and
powerful processes in the center. Other blazars may
also have variability out of XMM observation time. We
analyzed spectra of all blazars from our sample to check
any possible special features and to reveal some ad-
ditional unusual objects. We applied standard XMM
SAS software to fit two-parametric power law model
of X-ray continuum with hydrogen absorption at low
energies. The results of spectral fitting are given in
the Table 2 and some examples of spectra are shown
on Figs. 4-6. All blazar spectra have a good approx-
imation by our simple model. We assume that if the
spectrum of any blazar is not fitted by such simple
model then there is a reason to expect some complex
structure of the source and possible variability. Oth-
erwise, we consider the blazar as a typical source and
appropriate for ICRF usage.

Spectral parameters are constant in all available
XMM observations. So we have found out that X-ray
spectra makes no reasons to expect any image motion
of these sources in the nearest future. We conclude
that current state of spectral analysis doesn’t allow to
predict a correlation between the spectra parameters
and variability.

3. Results and conclusions

In the result of our analysis of light curves and spec-
tral characteristics of ICRF blazars in X-ray band we
found rapid variability for 2E 2673 (W Com) and 2E
1802 but no special features in the spectra.

Assuming that the variability of a source in any band
should be connected with possible motion of the source
(and the center of its image) we might predict that
stable source should not have significant motion.
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Figure 4: Spectrum of 2E 2979.
sorbed source.
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Figure 5:
source.

Spectrum of 4C 01.28. Example of absorbed



Odessa Astronomical Publications, vol. 31 (2018)

51

Unfolded Spectrum

5x1077

Phatans om™Z 577 key™'
2x1073

10738
T

5x107%

Energy (keY)

Figure 6: Spectrum of Mrk 668. Example of faint
source.

So we conclude (for the moment) that the most of
ICRF sources are stable and appropriate as defined
sources for astrometric reference systems. Keeping in
mind all possible extreme physical processes related to
active galactic nuclei, the issue of possible image mo-
tion of ICRF sources remains persistent. W Com and
2E 1802 should still be considered as ’suspicious’ ICRF
sources. Their X-ray variability reveals fast processes
in the very center of AGN that could cause detection
of the image shift in the future. Future radiotelescopic
studies of astrometric defined sources should review
more thoroughly not only these two objects but any
blazars, since the luminosity variability or even a mo-
tion could be detected.
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