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Using an “aperture photometry" technique to generate Fermi lightcurves on minute
timescales, we have carried out a Bayesian Block analysis of the brightest blazar flares to
search for variability down to ~15 minute timescales. There is moderate evidence for one such
fast flare in PKS 1510-089, but 9 other flare events we examined do not show it, i.e., very
rapid variability as found in TeV blazars is probably not common. However, all flare events do
show evidence strong (factor 2) gamma-ray variability down to ~1 - 2 hour timescales, and

we show evidence in 3C 454.3 for spectral evolution on these short timescales. Using SMARTS
and optical/NIR data, we are searching for correlated rapid optical variability on similar
timescales. While variability on these very short timescales is seen in a few cases,

the optical variability amplitude is typically much smaller than the gamma-ray one.
Interestingly, on ~1-3 day timescales the optical and gamma-ray variability are instead
well-correlated and of similar amplitude.



Spectral Evolution 3C454.3 2010 flare
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Fig. 2: (left panel) Sample light curves from the giant flare of the blazar 3C454.3 in 2010 shown
for four different energy bands. The light curve points are obtained by integrating flux over the
~30 minute exposure windows shown in the bottom graph, properly taking into account the
variation in exposure during the window. Note that there is clear evidence for fast and repeated
variability (greater than factor 2 on ~0.5-1 hour timescales.) (right panels) Discrete correlation
function computed between the 0.1-0.3 and the 0.3-1 GeV energy bands (top) and the 1-3 GeV
(bottom) energy bands as a function of time lag/lead between the bands. Fluxes in the various
bands do not behave identically, i.e., there is spectral evolution during the flare, and
there is a moderate (~2 sigma) detection of a high-to-low energy lag above ~1 GeV.



3C454.3 2009 flare

rapid variability(xl/4 decrease in 1.5h)
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Fig. 3: Similar to Fig. 2, except the data is for the large 3C454.3 in 2009. Interestingly,
the short timescale behavior below ~1 GeV is qualitatively similar, but not above 1
GeV — compare the 0.3-1 vs 1-3 GeV correlation functions in the lower of the two
right panels.



Rapid Variability Example: PKS 1510-089

Using standard daily time bins doesn’t tell the whole story ...
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Figure 5.5: Daily y-ray light curve of PKS 1510—089 during the period MJD 55834-55903
analyzed in this paper. 95% flux upper limits are represented by triangles. Horizontal

lines separating the three major flares are chosen arbitrarily just to guide the eye.



Flux(E > 100 MeV)[107¢ ph cm™2s71]

Flarel Flare2 Flare3

12-hour bin 12-hour bin 12-hour bin

20
2

>
=3

+
+

3

+
+
+

—+ —+*
I_I_+I_+_ Il Il J _¢_I

wn

—— .
e

+
1t

V
1t
|
t

>

6-hour bin

R

6—hour bin 6—hour bin

2

S

3
@

-+
. . , .

T =

>

+

w

+ 3-hour bin

50

=

22

3
o

|I|||||II||I|||I|II||III| II|II|IIII|IIII|IIII|IIII|IIIII|IIIIIIIII|IIII|IIII|

4 20 3—hour bin
18
16
14

v + 12

+ * + 10

E + + t4
PR i (R

55649 55850 55851 Vssss2 . 55853 55854 55855 V. 55856
MID

3-hour bin
30

! ,
oy :
f 14, T
2 Al t++ it |

AR

= I I I
55865 55866 55867 55868 55869 55870 55871

2

[

{IIII{IIIIIIIIIIIHIII-|IIIIIIIII{IIIITIIII'HII'I-IIIII|IIII|IIII|IIII|IIII|I
_+_

.+.
+
+
+
_+_
+
Flux(E > 100 MeV)[10~¢ ph cm ™ ?s
||||||||||||||||||||||||||||‘||||||||||||||T||||||||||||||||| [TTTT[TTT I TITI[TTTT]TT
-+
s
+
—+
-+
_+_
_+_
Flux(E > 100 MeV)[10~¢ ph cm™2s71]

o
 +
—4—
ra
<
“
pd
o

[SEISEEN-

el
4
.
-+
o
t
p
——
j
+
-+
Py
-
+
SN
S
+
+
——
g
pre
ra

1 I} PRI R — 1 L T
55872 55873 55874 55875 55876 55871
MJID

MJD S

* N.B. Amplitudes of flares increases as go to shorter time binning.
* There are >2x flares on even three hour timescales ... !

=> DON’T USE DAILY LIGHTCURVES



Bayesian block analysis inside individual Fermi exposure windows,
example for PKS 1510-089.
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Figure 6.9:

variability for different statistics. Four examples of orbits presented were taken from flare

Examples illustrating how the Bayesian block works to detect sub-orbit

#5 in PKS 1510089, and analysed with fp = 0.1. Each exposure typically lasts ~30
minutes. (upper panels) Raw count histogram with piecewise constant blocks obtained
with Bayesian blocks. (middle panels) Exposure variation during a single orbit. (lower

panels) Flux values calculated by dividing counts by exposure.



Bayesian Block Analysis — PKS 1510-089, Flare 5 shows 3.5 sigma excess of orbits
where saw possible flux change (vs. expected number of false positives, solid line in

right panels)
Red interval — Bayesian blocks favors 2+ intensity levels during orbit
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Light curve points shown are averaged over each Fermi exposure window (~30 min long).



3C 279 in 2015, Fermi, arXiv:1605.05324, Ackerman et al. 2016
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Optical vs. Gamma-Ray Varia
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QUEST SNe survey,
2 obs/night, 2hr separation
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(e.g., SMARTS missed peak).

vility: recent flare in 3C 454.3
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(TBD), gamma-rays will have ~2x(+) variability on that timescale!?
* Yet on ~daily timescales, optical and gamma-ray fluxes track well??
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If you only had SMARTS and Fermi daily coverage, good luck measuring leads/lags

On 2hr timescales, QUEST typically sees <10% variability (~¥15% at flare peak). But if as before



Take-Away Points

In the brightest flares, there is strong evidence for
variability on < 3hr timescales, the shortest binning time typically
used in Fermi light-curve analysis.

<30 minutes variability possible, but not so common
Spectral variability is present on these short timescales too.
=> DON’T USE DAILY bins for SED analysis!

Variability characteristics useful for identifying “states”

Pointed mode Fermi observations + ~continuous multi-wavelength
coverage (not one or two snapshots per night) are essential for
unraveling what’s going on.

Rapid variability is a problem for GeV blazars too...!!

Connection between optical/NIR and GeV not entirely obvious...



