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IntroductionIntroduction
VariabilityVariability studiesstudies of a of a largelarge samplesample
of of sourcessources
•• Time Time scalescale analysisanalysis

DifferencesDifferences betweenbetween classesclasses
DifferencesDifferences betweenbetween frequenciesfrequencies

•• ComparingComparing differentdifferent methodsmethods
•• ComparingComparing resultsresults withwith earlierearlier paperpaper byby

LainelaLainela & Valtaoja & Valtaoja (1993(1993, , ApJApJ, 416, 485), 416, 485)
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The DataThe Data
80 80 sourcessources fromfrom the Metsähovi the Metsähovi monitoringmonitoring
samplesample
•• HPQ, LPQ and BLO HPQ, LPQ and BLO sourcessources and Radio and Radio GalaxiesGalaxies

Data at 4.8, 8, 14.5, 22, 37, 90 and 230 GHzData at 4.8, 8, 14.5, 22, 37, 90 and 230 GHz
•• data from Metsähovi at 22, 37 and 90 GHzdata from Metsähovi at 22, 37 and 90 GHz

some have been monitored for over 25 yearssome have been monitored for over 25 years

•• 4.8, 8 and 14.5 GHz from the UMRAO4.8, 8 and 14.5 GHz from the UMRAO
•• 90 and 230 GHz monitoring data from the SEST90 and 230 GHz monitoring data from the SEST
•• 90 and 230GHz published data from IRAM90 and 230GHz published data from IRAM
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MethodsMethods
The The StructureStructure FunctionFunction
•• SmallerSmaller variationsvariations and the and the structurestructure of of 

the the fluxflux curvecurve

DiscreteDiscrete correlationcorrelation functionfunction
•• AutocorrelationAutocorrelation

LombLomb--ScargleScargle periodogramperiodogram
•• PeakPeak--toto--peakpeak timetime scalesscales
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AverageAverage timetime scalesscales

4.9 (3.7)4.9 (3.7)3.8 (3.5)3.8 (3.5)2.02.090 90 GHzGHz

7.0 (6.2)7.0 (6.2)5.1 (4.1)5.1 (4.1)2.62.637 37 GHzGHz

6.6 (5.5)6.6 (5.5)5.6 (4.4)5.6 (4.4)4.14.122 22 GHzGHz

8.5 (8.0)8.5 (8.0)8.1 (6.6)8.1 (6.6)4.34.314.5 14.5 GHzGHz

9.7 (9.0)9.7 (9.0)9.4 (7.1)9.4 (7.1)5.65.68 8 GHzGHz

8.7 (7.5)8.7 (7.5)6.6 (5.1**)6.6 (5.1**)5.2*5.2*4.8 4.8 GHzGHz

PeriodogramPeriodogramDCFDCFSF SF FrequencyFrequency

*   All time scales are in years
** For DCF and Periodogram analysis also the time scale with no

lower limit estimates (T/2) are shown
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DistributionsDistributions of SF of SF timetime scalesscales
Distribution of time scales at 22 GHz
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DistributionsDistributions of SF of SF timetime scalesscales
Distribution of time scales at 37 GHz
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ExampleExample 1156+295 (4C 29.45)1156+295 (4C 29.45)
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ExampleExample 1156+295 (4C 29.45)1156+295 (4C 29.45)
Time Time scalesscales fromfrom DCF and DCF and 
PeriodogramPeriodogram areare veryvery similarsimilar
•• 3.29 3.29 yearsyears fromfrom periodogramperiodogram
•• 3.49 3.49 yearsyears fromfrom DCFDCF

ShorterShorter timetime scalescale of 1.2 of 1.2 yearsyears fromfrom
the SFthe SF
•• MuchMuch shortershorter comparedcompared to to timetime scalescale of of 

6.8 6.8 yearsyears fromfrom LainelaLainela & Valtaoja 1993& Valtaoja 1993
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ComparisonComparison of SF of SF timetime scalesscales withwith
earlierearlier analysisanalysis

42 42 sourcessources
L&V L&V foundfound significantsignificant differencesdifferences betweenbetween
classesclasses
•• LPQsLPQs and and HPQsHPQs differeddiffered fromfrom eacheach otherother

AveragesAverages havehave changedchanged
•• 22 22 GHzGHz: 2.6 : 2.6 yearsyears --> 4.8 > 4.8 yearsyears
•• 37 37 GHzGHz: 2.3 : 2.3 yearsyears --> 2.6 > 2.6 yearsyears

NumberNumber of of lowerlower limitlimit estimatesestimates hashas
decreaseddecreased fromfrom 32 to 1032 to 10

Talvikki Hovatta
Metsähovi Radio Observatory

The 8th ENIGMA meeting
September 6, 2006

ConsiderationsConsiderations
HarmonicHarmonic T/n T/n timetime
scalesscales fromfrom
periodogramperiodogram
analysisanalysis
•• RealReal timetime scalesscales

shiftedshifted in in timetime

BaselineBaseline effectseffects
GapsGaps in the datain the data
FaintFaint sourcessources
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SummarySummary of the of the ResultsResults
PeakPeak--toto--peakpeak flareflare timetime scalesscales areare
long long withwith averageaverage closercloser to 7 to 7 yearsyears
Short Short termterm variationsvariations cancan bebe alsoalso
seenseen
MoreMore thanthan oneone methodmethod is is neededneeded to to 
revealreveal allall of of themthem
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SummarySummary of the of the resultsresults

HigherHigher frequenciesfrequencies ≥22 ≥22 differeddiffered fromfrom
lowerlower onesones significantlysignificantly for for allall
methodsmethods..
Set of Set of KruskalKruskal--WallisWallis analysisanalysis for for allall
methodsmethods diddid notnot revealreveal anyany
significantsignificant differencesdifferences betweenbetween
classesclasses for for mostmost of the of the frequenciesfrequencies
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AveragesAverages afterafter zz--correctioncorrection

2.622.624.584.582.942.945.105.102.892.894.904.909090

3.553.557.287.283.573.576.746.745.505.507.037.033737

3.183.186.876.873.363.366.396.395.025.026.506.502222

4.264.268.878.874.734.738.598.596.136.137.837.8314.514.5

4.944.949.769.765.075.079.529.526.846.849.389.3888

4.494.499.159.154.024.027.347.347.087.089.589.584.84.8

LPQLPQ
intrinsicintrinsic

LPQLPQHPQHPQ
intrinsicintrinsic

HPQHPQBLOBLO
intrinsicintrinsic

BLOBLOFreqFreq
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DifferencesDifferences betweenbetween the the classesclasses

IntrinsicIntrinsic timetime scalesscales fromfrom
periodogramperiodogram analysisanalysis revealedrevealed
significantsignificant differencedifference betweenbetween BLOsBLOs
and and quasarsquasars..
In SF and DCF In SF and DCF analysesanalyses nonenone of the of the 
classesclasses differeddiffered clearlyclearly fromfrom othersothers..
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In In PreparationPreparation
CorrectionCorrection for for DopplerDoppler--boostingboosting
•• DopplerDoppler boostingboosting factorsfactors fromfrom

Lähteenmäki et al. 1999 (Lähteenmäki et al. 1999 (ApJApJ, 521, , 521, 
493)493)

•• CorrelationCorrelation betweenbetween correctedcorrected
luminosityluminosity and and timetime scalesscales
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FutureFuture
ResultsResults willwill bebe publishedpublished in in HovattaHovatta et al. et al. 
laterlater thisthis yearyear
NieppolaNieppola et al. et al. withwith moremore detaileddetailed analysisanalysis
of BL of BL LacertaeLacertae objectsobjects
•• FlaresFlares and and timetime scalesscales
WaveletWavelet analysisanalysis for the for the samesame samplesample
FlareFlare analysisanalysis for for allall wellwell monitoredmonitored flaresflares


