\amaniiy/ umersecalesHiem
GNg e MeRIeHNG

Talvikkit Hovaitta

Metsahovi Radicr©@bSerVatosny,
Helsinki University, oft Technology

Merja Tornikoski, Markku Lainela, Esko Valtaoja, Margo Aller, Hugh Aller, Elina Nieppola, Ilona Torniainen

The 8th ENIGMA meeting
September 6-8, 2006
Espoo, Finland

IntredUclen

+ Variability: studies e arlareersaimple
Off SOUrCESs
o [ime scale analysis

Differences; betwWeen| classes
Differences between fireguencies

o Comparing diffierent methods

o Comparing results withy earlier paper by
Lainela & Valtaoja (1993, Api, 416, 485)
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@Venriew,

¢ lIntroduction
+ Data and Methods

+» Observational time
scales

o Considerations
+ Intrinsic time scales
s FUtUre

The 8th ENIGMA meeting

Talvikki Hovatta
Metséahovi Radio Observatory September 6, 2006

he Data

» 80 sources! firom the MetsaheoMimenitorng
sample
o HPO, LPQ and BILLO sources and Radier Galaxies

o Datal at 4.8, 8, 1455, 22, 31/, 90 and 230 GIHZ
o data from Metsahovi at 22, 37 and 90 Gz

some have been monitered for oVer 25 Veals
e 4.8, 8 and 14.5 GHz firom| the UMRAO
e 90 and 230 GHz monitoring datal frem the SESI
o 90 and 230GHzZz published! data from IRAM

The 8th ENIGMA meeting

Talvikki Hovatta
Metsdhovi Radio Observatory September 6, 2006




VIetheds

s he Structure Etnction

o Smaller variations and! the: structure off
the flux curve

+ Discrete correlation function
e Autocorrelation

+ Lomb-Scargle periodegram
o Peak-to-peak time scales
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DistrbpUtiens el SEUMeErscales
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AVelage timerscales

Frequency.

SF

DCE

PeEricdogiam

4.8 GHZz

5.2%

6.6 (5.1%*)

8.7 (7.5)

8 GHz

5.6

9.4 (7.1)

9.7 (9.0)

14.5 GHz

4.3

8.1 (6.6)

8.5/(8:.0)

22 GHz

4.1

5.6 (4.4)

6.6 (5.5)

37 GHz

2.6

5.1 (4.1)

7.0 (6.2)

901 GHZ

2.0

3.8 (35.5)

4.9 (3.7)

* 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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DIstrbpUtiens e SEUMErscales
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Flux density {Jy)
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Compansen eif SE imerscalesiwiing
eanieranalysis

o 42 soUKCes
+ L&\ found significant differences: bEtWEER

classes
o | PQs and HPQs differed firom: each; other

+ Averages have changed
o 22 GHz: 2.6 years -> 4.8/ years
o 37 GHz: 2.3 years -> 2.6 years

» Number of lower limit estimates has
decreased from 32 to 10
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Examplerii56+2905(4@ 29145)

s lime scales from: DCEand
Periodogram) are Very similar
e 3. 291 yeals fifom| periodegram
e 3.49 years from DCE

+ Shorter time scale of 1.2 years|from

the SE

o Much shorter compared: to time scale off
6.8 years from Lainelar & Valtaeja 1995
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Considerations

+» Harmonic T/n time
scales, from
periodogram
analysis

o Real time secales
shifted in time

+» Baseline effects
+» Gaps in the data
¢ Faint sources
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SuUmmany/ e therResulis

s Peak-te-peakifiarertime scalesiare
long with average Closer tor 72 Vealrs

+» Short term: variations can be' also
seen

+» More than one method is needed to
reveal all of them
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AVENAGES ailelf Z=ColfEclion
Freg |BLO! [BLO! HP@ HPO! [LPO PO

INCrnSIc Iplerinlsie Inlerinisie

4.8 |9.58 [7.08 |7.34 |4.02 [9.15 |4.49
3 9.38 |6.84 |9.52 |5.07 |9.76 [4.94
14.5 |7.83 |6.13 |8.59 |4.73 [8.87 |4.26
22 6.50 |5.02 |6.39 [3.36 |6.87 |3.18
37 7.03 |5.50 |6.74 |3.57 |7.28 |3.55
90 4,90 |2.89 [5.10 |2.94 |4.58 [2.62
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Summany of theresulis

+ Higher frequencies) =222 diffiered fi-om
lower ones significantly fertall
methods.

+ Set off Kruskal=-\Wallisramalysistierall
methods did not revealtany.
significant differences between
classes for most off the frequencies

The 8th ENIGMA meeting

Talvikki Hovatta
Metséahovi Radio Observatory September 6, 2006

Differences; EtWEERHE CIASSES

¢ Intrinsic time scales firom
PEeriodoedram analysis revealed
significant difference between BIEOS
and guasars.

+ In SE andl DCE analyses nemne of the
classes differed: clearly: firom) others.
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\p) Preezlfeiifog

+ Correction fior Doppler-beosting

o Doppler beosting factoxs fikem
Lahteenmaki et al. 1999 (Apd, 521
493)

e Correlation between corrected
luminosity: and time scales
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EUtte

+ Results will"be published inriHovattar et aik
|ater this year

+ Nieppola et al. with more detailedranalysis
off BLL [Lacertae objects

o Flares and time scales
+» Wavelet analysis fior' the same: sample
+ Flare analysis for all well- monitored flares
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