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Abstract In this work, using the data base at the University of Michiggadio Astronomy
Observatory (UMRAO) at 8 GHz, we investigated the possilgiequlicity in the radio light
curves using Jurkevich analysis method. The results shawthie radio sources display a
possibly physically significant periodicity in a range 08810 14.5 years. Besides, the radio
spectral indexes are also calculated, the results showhhatveraged radio spectral index is
kb = —0.15 (f, o v®) for flat spectrum radio quasars (FSRQs) arj¢°=0.01 for BL
Lacertae objects. Some discussions are included.
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1 INTRODUCTION

The nature of the central regions of blazars and other AGNillsan open problem. Monitoring pro-
grammes for blazars are important tools for constructimgy tight curves which can yield with valuable
information about the mechanisms operating in these sepngth important implications for quasar mod-
eling (see Fan et al. 1998). Optical monitoring programnigdaly that the sources are variable on the time
scales of from minutes to even a few years (Fan 2005 for rgytbw variability on years can give the long
term flux variation behavior and will be helpful to predict farther outburst time.

Radio monitoring programmes are carried out in Bologna &MBz, in Michigan University at
4.8 GHz, 8 GHz, and 14.5 GHz, and the M#tevi at 22 GHz, 37 GHz, and 87 GHz , in ESO site on Cerro
La Silla, Chile at 90 GHz and 230 GHz (see d@anta et al. 2005 for detail). Based on the UMRAO data
base, Ciaramella et al. (2004) investigated the quasegeity for several selected objects while Aller et
al. (2003) investigated other variability properties.

In the paper, making use of the UMRAQO data base, we investight possible periodicity in the radio
light curves.

2 PERIODICITY ANALYSISMETHOD AND RESULTS

There are many methods for the time series analysis, buhéosake of the characteristic of astronomical
observations, namely the data based are not evenly samyiezh constrains the analysis methods. In this
paper, we used the Jurkevich method for the periodicitychéag (Jurkevich 1971; Fan et al. 1998, 2002).
This method is based on the expected mean square devidtiestd a run of trial periods around which
the data are folded. All data are assignedri@roups according to their phases around each trial period.
The variancé/;? for each group and the sub,, of all groups are computed. For the whole data, one can
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calculate the varianci?. By virtue of the well known theorem on the addition varianberkevich (1971)

obtained that}? > VZ, . We can then get the normalizatidff = ‘(/Si'z" If a trial period equals the true
one, ther/2 reaches its minimum. So, a “good” period will give a much regtlivariance relative to those
given by other false trial periods and with almost constaiti®s. The computation of the variances has

been described in the paper of Jurkevich (1971). Kidger.€18P2) introduced a fraction of the variance

= 1;‘2/"2' whereV2 is the normalized value. In the normalized plot, a valu&gf= 1 meansf =0 and
hence there is no periodicity at all. The best periods cardéetified from the plot: a value of > 0.5
suggests that there is a very strong periodicity and a valug @ 0.25 suggests that the periodicity, if
genuine, is a weak one.

From the UMRAO data base, we got light curves for 168 radioseaiincluding BL Lacertae objects
(BLs) and flat spectrum radio quasars (FSRQs). Since theaddkee three frequencies, 4.8 GHz, 8 GHz,
and 14.5 GHz cover almost the same observing period, we age8GHz light curve for the periodicity
searching in the present paper. When the Jurkevich methsa@ea@pted to the 8 GHz light curves for those
168 sources, possible periodicity was only determined f8rdources as listed in Table 1, which shows that
the periodicity is in a range of 0.08 to 14.5 years. The regtees did not show periodicity signs. The less
than 1.0 year period sources found in the present paper &@+681, 0917+458, 1222+216, 1817-162.
The second part in Table 1 shows the possible periodicitydisalays a less than 0.25factor.

Tablel Periodicity Analysis Results for 113 Radio Sources at 8 GHz

Name Py Py Py Name Py Py P3
0003-066 9.82-1.41 3.43+0.21 2.70+ 0.1 1226+023 8.30t 0.9

0007+106 5.4Gk 0.49 1253-055 10.13-0.97

0016+731 6.83- 1.43 4.28+ 0.48 3.15+ 0.2 1335-127 7.75: 1.7

0040+517 1.75-0.2 5.11+0.83 1354-152 3.75:0.35 6.02+ 0.7
0059+581 0.4G: 0.02 2.37+0.2 1413+135 8.33: 1.3 4.63+ 0.3
0109+224 4.4Gt 0.41 1418+546 10.58 1.55

0133+476 11.2% 1.3 1510-089 11.28- 1.63

0134+329 5.62- 0.59 2.89+ 0.08 1538+149 9.28t 1.45

0153+744 5.06: 0.85 1.23+0.11 1609+660 2.95t 0.37

0215+015 3.35:0.24 1624+416 3.65t 0.45

0218+357 1.55-0.09 2.98+ 0.51 1634+628 2.22t 0.27

0219+428 3.04t 0.23 2.13+0.1 1637+574 3.82: 0.4

0234+285 5.45-0.72 1641+399 11.85 2.05

0235+164 5.80k 0.49 1642+690 6.80t 1.13

0306+102 6.8# 0.85 1652+398 12.0#4- 1.83 7.20+ 0.47
0315+416 4.07 0.42 7.02+ 0.99 1717+178 6.65: 0.9

0336-019 11.03 1.95 5.83+ 0.54 1721+343 3.4 0.35

0440-003 8.841.15 5.54+ 0.5 1730-130 6.36t 0.43

0454-234 9.23+ 1.14 5.53+ 0.34 4.00+ 0.23 1741-038 5.1# 0.37 3.47+0.27
0458-020 5.43-0.83 1749+096 6.3% 0.57

0518+165 5.43t 0.83 1803+784 6.38t 1.18

0528-250 1.16- 0.04 1823+568 8.40t 1.03

0538+498 14.54 2.47 8.57+ 0.41 1828+487 11.03t 1.47 5.30+ 0.2
0605+480 8.14t+ 1.46 1845+797 9.65t 1.48 4.58+ 0.53
0605-085 7.13t0.94 1901+319 7.4# 1.47 3.53+ 0.33
0607-157 11.0% 1.32 1928+738 8.13t 1.47

0804+499 6.06k 0.83 1951+498 5.19t 0.52

0818-128 9.73-2.03 4.53+ 0.35 2021+614 6.83t 0.57

0831+557 13.28-1.78 2121+053 7.20t 0.83 5.00+ 0.4
0838+133 7.83t 0.97 2131-021 9.46: 1.53 6.234+-0.98
0850+581 8.50k 1.67 2155-152 5.63+ 0.53 8.831+0.88
0851+202 9.53t 0.97 2155-304 3.4G: 0.25

0954+658 6.35k 1.08 2201+315 6.12+1.23

1031+567 2.68t 0.32 2223-052 7.3@: 0.5

1034-293 9.3Gt 1.28 2230+114 8.15-1.25

1038+528 1.89t 0.39 2243+394 5.93t 0.8

1100+772 2.06t 0.28 1.25+ 0.1 2251+158 6.7# 0.53

1101+384 7.63t 0.72 2335+031 2.33:0.18

1156+295 3.33t 0.13 2345-167 6.8@:- 0.83 3.53+0.15
1219+285 10.03t 1.5 2351+456 6.93+ 0.73 3.904+ 0.38
1222+216 0.66t 0.09 2356+196 6.43- 0.78 10.78: 1.6 4.65+0.28
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Table1l — Continued.

Name P1 P2 P3 Name P1 P2 P3
0106+013 4.1Gt 0.31 2.93+0.31 0917+458 2.25+0.22

0133+476 5.75- 0.86 0951+699 4.13t 0.43

0153+744 3.7H- 0.46 1034-293 4.66t 0.45 2.83+0.18
0215+015 2.62- 0.11 1055+018 4.07 0.37 2.554+0.42
0202+149 5.44+ 1.02 1101+384 3.9Gt 0.25 5.174+0.32
0220+427 9.88 0.81 1127-145 10.2% 0.90

0234+285 3.54t 0.31 1137+660 1.5Gt 0.10

0235+164 3.72:0.31 1215+303 8.25k 1.37

0300+470 3.3Gt 0.26 1253-055 7.2 0.43

0336-019 5.83: 0.54 4.05+ 0.28 1358+624 5.7Gt 0.58

0333+321 6.55k 0.55 1611+343 9.9Gt 0.98 6.504+ 0.60
0420-014 3.29-0.22 1633+382 3.0 0.13

0422+004 6.93t 0.59 4.964+ 0.39 1749+096 4.42+ 0.35

0458-020 3.33: 0.37 1807+698 3.35t 0.17

0521-365 4.3H 0.33 3.24+ 0.20 1921-293 3.33t 0.07

0552+398 7.18t 0.89 1939+605 5.63t 0.70

0716+714 4.0Gt 0.29 3.144+0.16 2005+403 8.28-0.83 5.85+ 0.43
0735+178 5.1Gt 0.54 2032+107 6.95 0.92

0754+100 4.0H-0.39 2134+004 9.0Gt 1.03

0831+557 6.0Gt 0.38 3.93+ 0.15 2145+067 9.7Gt 1.23

0838+133 4.33t 0.40 2153+377 2.68t 0.20

0836+710 3.02: 0.54 2200+420 3.85-0.22

0906+430 4.12+ 0.32

3 SPECTRAL INDEX CALCULATION RESULT

From this database, we also calculated the averaged flwityle{s, s),(Fs) and (Fi45), for the three
bands (4.8 GHz, 8 GHz and 14.5 GHz), then we performed thariregression to the three bands for each
source and get a statistical result

logF = (a+ Aa)logv + ¢,

wherea andAq are the spectral index and its uncertainty (x v%).

The results are listed in Table 2, in which column (1) gives IName; column (2) shows the spectral
index and the uncertainty. For the two subclasses of blazghave that the averaged radio spectral index is
aik® = —0.15 (f, oc v®) for flat spectrum radio quasars (FSRQs) anj¢°=0.01 for BL Lacertae objects.

4 DISCUSSION

Blazars are variable over the whole electromagnetic wagthes. Optical photometry has been done for
about one hundred years for some BL Lacertae objects (Famfabfeview). Radio monitoring programme
started about 40 year ago, the monitoring coverage is atmpdoough for the periodicity analysis in the
radio bands and the radio variability properties invesiiga

Our periodicity analysis shows that the possibly physjcsitjnificant periodicity is in the range of 0.08
to 14.5 years, which is consistent with the results obtabeeskd on the optical data (Fan et al. 2002). Our
results are also consistent with the results obtained bya@ialla et al. (2004), who analyzed the periodicity
from the high frequency radio data. It is interesting thasléhan one year periods are found in the radio
bands. This kind of periods are found in the optical and tigh lehergetic bands.

Some models have been proposed to explain the long-termdieriariations in AGNs: binary black
hole model, the thermal instability model, and the perttidmamodel (see Fan 2005 for review). The
promising models are the binary black hole model and theugmation model. The helical jet related with
the binary black holes have been used to explain the optefahior and the objects (3C 345, OJ 287,
BL Lacertae, and PKS 0735+178) being claimed to show payitydn the historic light curves also show
helical trajectories of their VLBI radio components. Indlsiense, one would expect the similar periodicity
behavior in the radio bands. Our analysis results confirmisceixpectation.

In the present paper, made used of the data of UMRAQO, pospliygically significant periodicity
ranging from 0.08 to 14.5 year and the spectral indexes aegrmul for a sample of radio sources.
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Table2 The Radio Spectral Index between 4.8 and 14.5 GHz for thedR&alirces

Name a+Aa | Name a+Aa | Name o+ Aa | Name a+ Aa

0003-066  —0.09: 0.00 | 0605+480 -1.09£ 0.03 | 1157+732 -0.83: 0.01 | 1749+701 -0.04: 0.04
0007+106 0.94+-0.09 | 0605-085 0.04: 0.01 | 1215+303 0.010.01 | 1803+784  0.14 0.02

0016+731  -0.02: 0.00 | 0607-157 0.32£0.00 | 1217+023 -0.15:0.02 | 1807+698 —0.04t 0.01
0022+638  —-1.98: 0.21 | 0710+439 —0.63£ 0.03 | 1219+285 0.0&0.02 | 1817-162 -0.92-0.16
0040+517  -1.06t 0.02 | 0711+356 -0.63: 0.02 | 1222+216 0.0H 0.02 | 1823+568  0.1Gt 0.00

0048-097 0.25:0.02 | 0716+714 0.28: 0.04 | 1225+206 -1.04:0.01 | 1828+487 —-0.48 0.00
0059+581 0.18t 0.02 | 0723+679 —0.36£ 0.00 | 1226+023  -0.03: 0.01 | 1842+455 -0.98t 0.01
0106+013  -0.14-0.06 | 0735+178 —0.06: 0.00 | 1253-055 0.22- 0.00 | 1845+797 -0.83:0.01
0108+388  —0.84- 0.08 | 0754+100 0.09£ 0.00 | 1254+476  -1.0@t 0.03 | 1901+319  -0.29%t 0.00
0109+224 0.19- 0.01 | 0804+499 0.19£ 0.01 | 1307+121 0.0H 0.02 | 1921-293  0.24t 0.00

0127+233  -0.83t 0.01 | 0808+019 0.14: 0.03 | 1308+326 0.2H0.01 | 1928+738  —0.04: 0.00
0133+476 0.36t 0.02 | 0809+483 -1.15£0.02 | 1328+307 -0.6# 0.01 | 1939+605 -1.0& 0.01
0134+329  -0.96t 0.02 | 0814+425 0.05£ 0.05 | 1335-127 0.3%+- 0.00 | 1951+498 -0.3Q:0.08
0153+744  -0.8%: 0.02 | 0818-128 0.06t 0.00 | 1354-152 0.42+-0.38 | 1954+513  —0.04: 0.00
0202+149  -0.08t 0.02 | 0829+046 0.24-0.01 | 1358+624  -0.8@: 0.01 | 2005+403  -0.05t 0.05
0212+735 0.09: 0.00 | 0831+557 -1.05:-0.03 | 1400+162  -0.48:0.00 | 2007+777  0.09t 0.00

0215+015 0.35- 0.04 | 0836+710 —0.19£ 0.00 | 1409+524  -1.2@: 0.02 | 2014+370 -1.3% 0.16
0218+357  -0.08: 0.00 | 0838+133 0.06: 0.00 | 1413+135 0.6 0.02 | 2020+614 —0.04- 0.03
0219+428  -0.7# 0.07 | 0850+581 —0.38: 0.02 | 1418+546 0.13t 0.02 | 2032+107 -0.1# 0.01
0220+427  -1.21% 0.01 | 0851+202 0.39£ 0.01 | 1458+718 -0.52- 0.00 | 2037+421 -0.2% 0.00
0234+285  —0.02: 0.02 | 0859+470 —0.28-0.01 | 1504-166  —-0.06-0.02 | 2121+053  0.05t 0.01

0235+164 0.26t 0.01 | 0906+430 —0.29+ 0.00 | 1510-089 0.14-0.00 | 2131-021  -0.06: 0.03
0300+470 0.07 0.02 | 0912+297 —0.32£ 0.00 | 1514+197 0.06t 0.00 | 2134+004 -0.29 0.05
0306+102 0.32£ 0.01 | 0917+458 -1.1#0.03 | 1538+149 0.16+ 0.02 | 2136+141 0.12+0.01

0315+416  —-1.08: 0.00 | 0923+392 —0.04- 0.02 | 1543+005 —-0.52-0.00 | 2145+067  0.53t 0.00

0316+413  -0.13t 0.03 | 0951+699 —0.58: 0.00 | 1606+106  -0.1@: 0.03 | 2153+377  -1.26t 0.02
0323+022  -0.25: 0.00 | 0954+556 —0.35:0.01 | 1609+660  -1.12-0.01 | 2155-152  —-0.09- 0.00
0333+321  -0.2#& 0.02 | 0954+658 0.04£ 0.08 | 1611+343 0.03£ 0.00 | 2155-304 —0.09t 0.01
0336-019 0.0G: 0.01 | 0957+227 —0.76: 0.00 | 1624+416  —-0.34-0.01 | 2200+420  0.03t 0.03

0355+508 0.19+ 0.06 | 1003+351 —0.56+ 0.00 | 1633+382  -0.0#& 0.00 | 2202+315  0.2Gt 0.00

0404+768  —0.59 0.00 | 1031+567 -0.89- 0.01 | 1634+628 -1.1A0.01 | 2223-052  0.14t 0.00

0420-014 0.15£ 0.01 | 1034-293 0.22£ 0.00 | 1637+574 0.19- 0.00 | 2229+391 -1.2H 0.03
0422+004 0.26t 0.02 | 1038+528 0.26£ 0.00 | 1641+399 0.12- 0.01 | 2230+114  —0.26: 0.00
0430+052  -0.05 0.07 | 1040+123 —0.45£ 0.01 | 1642+690 0.16t 0.01 | 2243+394  -1.44-0.06
0440-003  —0.06- 0.01 | 1055+018 0.25£ 0.00 | 1652+398 —-0.24 0.00 | 2251+158  -0.18 0.03
0454-234  -0.08: 0.00 | 1100+772 —0.63: 0.00 | 1717+178 0.13t 0.00 | 2254+074 0.0k 0.02

0456-020 0.05:0.00 | 1101+384 —0.18: 0.00 | 1721+343  -0.94- 0.04 | 2335+031 -0.63t 0.02
0518+165 0.05- 0.00 | 1127-145f -0.39:0.02 | 1727+502  -0.46t 0.02 | 2345-167 -0.08 0.01
0521-365  —0.48 0.01 | 1133+704 —0.18-0.02 | 1730-130 0.16: 0.00 | 2351+456 -0.13:0.00
0528+134 0.22+ 0.00 | 1137+660 —0.7H#0.02 | 1741-038 0.33: 0.00 | 2352+495 -0.7H 0.01
0528-250 —0.5%0.06 | 1147+245 —0.02£ 0.00 | 1749+096 0.48- 0.00 | 2356+196  —0.54- 0.00
0538+498  -0.95: 0.01 | 1148-001f -0.43+0.04
0552+398  -0.12 0.01 | 1156+295 0.18: 0.00
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