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Abstract. We describethe beginningsof a multi-wavelengthanalysisof TeV blazarsusing
observationgrom the WIYN 0.9m optical telescopethe VERITAS gamma-raytelescopeand
the AMANDA/IceCube neutrinodetector. Optical dataweretakenfor Mrk 421, Mrk 501, and
1ES1959+650in coincidencewith gamma-rayobservation®ver a two-monthperiodin Apr-
June2006. In the future we hopeto use a statisticalanalysisof TeV flaresin orderto
determine the significance of time-correlated neutrino detection with AMANDA/IceCube.

1. Introduction
Observationof TeV blazarsseemto be well explainedby leptonic synchrotroninverse-Compton
models,but theremay be an hadronicmechanisminvolved aswell. The detectionof neutrinosfrom
thesesourceswould provide evidencefor sucha mechanism.Giventhe possiblecorrelationbetween
TeV photonsandneutrinosfrom pion decaysneutrinodiscoverypotentialcanbe enhancedy looking
for coincidences with TeV flares or by studying correlations with X-ray and gamma-ray behavior.
We aim at studyingthreeblazars(Markarian421, Markarian501, and 1IES1959+650)¢ollecting
datafrom threeexperiments:the WIYN 0.9moptical telescopethe Whipple/VERITAS TeV gamma-
ray observatoryandthe AMANDA/IceCube neutrinodetectors. Datafrom the VERITAS telescopes
on high statesandflux variability would allow us to determinethe timing dependencéor a possible
neutrinosignal, forming the basisof a blinded neutrinoanalysis. The optical datafrom the WIYN
telescopevould thenhelp characterizehe blazars'SpectralEnergyDistribution (SED) outsideof the
TeV range. In this paper we show our first results concerning optical observations and Whipple data.

2. The VERITAS Whipple gamma-ray telescope
In hadronicblazarmodels,neutrinoandgamma-rayemissionsshouldbe correlated both comingfrom
the decayof pions. If thesemodelsare correct, neutrinodetectionshould be more likely during
Oflares(eriodsof high gamma-andX-ray activity. We haveusediong-termWhipple datato analyze
the frequency of flares and preliminary data to compare with our optical observations.

In orderto characterizeperiodsof flaring we useda modified version of a statisticalmethod
developedby Scarglethat calculateslikelihoods in order to divide a light curve into regions of



relatively constanflux [6]. The goalof the method first appliedto gamma-raydataby Flaccomioand
E. Resconi,is to smoothout purely statisticalfluctuations[7]. To obtain an estimateof flaring
probability, we could then calculatethe percentagef time the sourcespentabovea thresholdvalue,
takento be 1.5 Crabs. In the caseof Mrk 421 we observedn the TeV dataa variationof the flux up
to 1.5 Crabs during the observation time of the WIYN experiment.
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Figure 1. Fouryearsof Whipple dataon Mrk 421
with likelihood blocksoverlaid. The dataaredaily
averagesn units of photonsper run, which last
about28 minutes. The blue lower line following
the datais from the block method.The pink upper
line marks 1.5 crabs,which changesrom yearto
year with telescope calibration.
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Figure 2. Recentdatafrom the Whipple webpage
[9] convertedto crabsand separatednto blocks.
The red dotted lines mark the period overlapping
with WIYN observations. The bordersof the
blocksare arbitrarily setmidway betweenadjacent
datapoints,but largegapsin datawerenot counted
in calculations of flaring frequency.
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We calculatedthe flaring probability by tabulating both telescoperuns and daily averages,
obtainingvaluesof 39% and24%, respectively(seeFig. 1, 2). Thediscrepancyeflectsproblemswith
both methods. The telescopaunsarebiasedtowardsperiodsof high fluxNif the sourcewasin a high
state,Whipple took moredataNwhile the daily averagesgnorethe real possibility of flareson shorter
timescales.In eithercasethe datasufferfrom gaps. Becausef theseconcernst may be betterto use
an instrument with more regular observations, such as an X-ray satellite.

3. The WIYN 0.9m optical telescope

To help characterizévlazarspectraoutsidethe high energybands we requestedbservatiortime from

the 0.9m WIYN telescopen coincidencewith VERITAS observations. Time was allocatedin the

periodbetweenl8 Apr- 10 May anda few daysin June2006,beforethe telescopesufferedatechnical
malfunction. We receivedimagesin the B and V optical bandpassegcorrespondingo effective
wavelengthof about365 and440 nm, respectively)thenreducedand calibratedthemusing standard
comparison stars [1] to obtain fluxes (see Fig. 3).
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Figure 3. Flux plotsfor Mrk 421,Mrk 501,and1ES1959+650Theflux is in units of Janskys,
where 1 Jansky = 1e-23 erg s-1 m-2 Hz-1.

For comparisonjn Figure4 we haveplottedthe averageoptical flux valuesfor Mrk 421 alongside
the predictionsof a leptonic SynchrotonSelf-Comptonmodelfor blazaremission. Parametersor the
SpectralEnergyDistribution (SED) curve comefrom a previousanalysisof gamma-and X-ray data
[2] and the code to generate it comes from the VERITAS collaboration [8].
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Figure 4. An SED plot for Mrk 421,with the Figure 5. Preliminary Whipple data,
WIYN optical data that we analyzed likelihood blocks, and optical results for
superimposeddataare not yet correctedfor Mrk 421 in the period from 17 Apr b
host galaxy light). 15 June 2006. No correlation is observed.
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4. The IceCube / AMANDA neutrino telescope

Figure5 showsthe optical datafor Mrk 421 superimposedn VERITAS datafor the sameperiod. No
neutrinodataare shownherein orderto preservethe statisticalpurity of the sampleuntil the analysis
hasbeenfully optimized.In pastpoint-sourcesearcheshowever,the AMANDA detectorhasbeen
shownto havesensitivity to a neutrinoflux comparableo the TeV flux of the blazarMrk 501in a
high state[10]. If we focuson flaring periodsdefinedby the gamma-rayor X-ray data,however,the
significanceof observinga neutrinoeventin that periodincreasesomparedo a genericpoint-source
search. Alternatively, insteadof confining a searchto specific flares, we could take longer time
periodsand study the correlationbetweenneutrino eventsand high-flux behaviorin gammarays.
Both approaches hold promise for discovering or limiting a hadronic component to blazar radiation.
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