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Analysis for Time Lag Between y-ray and
NIR Variations in 3C 454.3

LI Shao-kun'?3, BAI Jin-ming>?2, LIU Hong-tao'?, ZHANG Jin*, CHEN Liang!:?:3

(1. National Astronomical Observatories/Yunnan Observatory, CAS, Kunming 650011, China; 2.
Key Laboratory for the Structure and Evolution of Celestial Objects, CAS, Kunming 650011, China; 3.
Graduate School of Chinese Academy of Sciences, Beijing 100039, China; 4. College of Physics and
Electronic Engineering, Guangzi Teachers Education University, Nanning, 530001, China)

Abstract: Discrete Correlation Function (DCF) is a powerful tool to analyze correlation
between two sets. A kind of the progressive DCF technique, time-transformed DCF (TDCF),
is used to analyze time lag between variations of «-ray and .J or B bands for 3C 454.3. The
TDCFs of Fermi/LAT ~-ray vs SMARTS J and B bands light curves both peak at 7 = —1.66
days. This implies that «-ray variations lead the J band ones by about 2 days. The period
of the data is from JD=2454710 to JD=2454770. Considering the effects of flux errors
and sampling characteristics, FR, RSS and the combined of them are used to Monte Carlo
simulations to estimate the time lags and the uncertainties. The simulations show that
the y-rays lead the J band emission. Thus it is reliable that the v-rays lead the J band
emission. The time lag might be due to the cooling time-scale of electrons’ synchrotron and
Compton radiations. In this case, the energy of ‘seed’ photons couldn’t be higher than 1.1
eV. The time lag also might be related to the different sizes of their emission regions. The
strong correlation of the two variations indicates that the y-rays and the J band emission
are emitted from the same region. As a shock spreads in the region, it first influences the
whole ~-ray emission region. At this time, the y-ray flux reaches its maximum value. The
inner ~-ray emission region is only a part of the NIR emission region. Thus the NIR flux
has not reached its maximum value as the y-rays reach the maximum. As the shock spreads
the whole NIR emission region, a few days later, the NIR flux reaches its maximum.
Time-scale of variations indicates the size of an emission region. The structure functions
show that the timescale of the J band variations is larger than that of the ~-rays, about
2 days. This timescale difference of about 2 days is consistent with the time lag of the J
band emission relative to the v-rays. This agreement supports the above explanation of the
time lag. Around JD=~2454 712, both the y-rays and the optical B band emission show their

minimum flux, which also supports the above explanation.
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