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Objectives

Using multi-wavelength observations with the
focus on X-rays, we investigate:

e The spectral evolution of the X-ray flares
and the emission components driving
them.

e The X-ray behaviour across the transitions
between the FSRO and BL Lac states.



Blazars

Two subclasses, classified by their optical spectra:

e Flat Spectrum Radio Quasars (FSROs)

Broad emission lines with rest-frame EW =25 A

e BL Lacertae objects (BL Lacs)

Weak or absent emission lines (rest-frame EW < 5 A)

Changing-Look Blazars (CLBs)

Sources that transition between the FSRO and BL Lac classes across
epochs, crossing the EW = 5 A boundary.




Changing-Look Blazars (CLBs)
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Cross-Correlations

z-transtormed Discrete Correlation Function (ZDCF)

LC Pair

ZDCF

Lag (days) DCF
(a) Fermi-LAT vs ZTF-i 6.8  0.73+0.03
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CMD & CCD

Colour-magnitude and colour-colour diagrams from ZTF g, r, i band photometry
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Optical spectrum reddens as the source brightens: redder-when-brighter (RWB) behaviour

Colour changes are consistent across the optical bands



VHE Emission

Data cover the VHE flare of MAGIC Collaboration et. al (2021), -
coinciding with flare X2. 107
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X-ray Spectral Analysis
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X-ray Spectral Analysis

2.75}

2.50¢

N
N
o

2.00f

1.75}

Photon Index (IN)

1.50¢
1.25¢}

1.00

4le+10x + 1.62 |
14, p=2.79e-01 |

[

o

1 M 1 L

IIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0.50 0.75 1.00 1.25 1.50
FX-ray (erg cm™? S_l) te-il

e X-ray emission is described by an absorbed power-law. No strong requirement for curvature or spectral breaks.

Corrected Akaike Information Criterion:

AIC, = 2k

C

2k(k + 1)

N—-k—1

Rejection criteria: AAIC, > 10 relative to the minimum.

e No observation has AAIC, > 10 for any model. All three are

statistically acceptable.

e Best-fit model from Minimum AIC.:

o Power law: 47/64
o Log-parabola: 13/64
o Broken power-law: 4/64

e Brightness variations are not accompanied by systematic hardening or softening on long timescales.
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X-ray Flare Selection

..o e 3 Flare Selection: Bayesian Blocks
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X-ray Hardness Ratio
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e The three flares harden monotonically: I =1.97 = 1.71 =2 1.34 (X1 to X3).
e Systematic evolution from a soft flaring state (X1) to a hard flaring state (X3)
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Loops in the flux vs I plane trace the competition between particle acceleration and radiative cooling.

X-ray Spectral Hysteresis

e CW loop: soft lag, cooling dominated
e CCW loop: hard lag, acceleration timescale comparable to cooling
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X1is a CW cooling loop; X2 and X3 complex multi-loop trajectories, shifting acceleration/cooling balance.




Broacdband SEDs of the Flaring Epochs
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e Radiative components: synchrotron, SSC, and EC.



Broacdband SEDs of the Flaring Epochs
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Broacdband SEDs of the Flaring Epochs
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Changing-Look States

Changing-Look epoch classifications is adopted from Ren et al. (2024)
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e Within CL epochs, flux and Iy correlate positively (r = 0.59, p = 0.025): Softer-when-brighter trend.

2.4r | + BEREREEREEREEERER 4 — 3;= 1.22e-|lllx + 1.1I3 | I
2.4[ r=0.59, p =2.53e - 02
— 2.2} +
% 2.0 } S
= 18/ " [
5 < 20f
o 1.6¢ + + A + + % +
x| b - ? =
L4 4 + + 5 ! —4— _ State I, (Ren+24) T x (this work)
1;% _1e—=12 T P 1 1 — bt —t—ri —it — —t— —t— bg. il | | FSRQ Z 22 ]_3 = ]_5
6l + ; I —+— Transition 2.0 — 2.2 1.5—-1.9
! + 1.4} | ‘ - BL Lac < 2.0 1.8 —2.4
5t |
|

18



X-ray Flares & CL States

e X1overlaps T3, B2, T4
e X2 spans T5,B3, TG, F4
e X3 falls after the classitied epoch range
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e All three X-ray flares have bright optical counterparts (ZTF)

e The FSRO - BL Lac transitions accompanied by ~1.5-2.5 mag optical flares (Chand & Gopal-Krishna 2025)

e BL Lac epochs are phases of elevated jet activitu.

e The rising jet continuum dilutes the Mg, EW below the classification threshold, consistent with jet-continuum

dilution of the broad lines.

e X3, the brightest flare has the hardest spectrum (I'y = 1.34; 'y ops = 1.2-1.7), FSRO and Transition like CL epochs.
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Conclusions

e High-amplitude variability in all bands, with optical - y-ray correlations.
e X-ray spectra mostly consistent with a simple power law (AIC. model selection).

e Spectral hysteresis: X1is a CW cooling loop; X2 and X3 complex multi-loop trajectories, shifting acceleration/
cooling balance.

e Systematic hardening through the flares: 'y =1.97 = 1.71 =2 1.34 (X1 to X3).

e One-zone leptonic SEDs: X-rays go from synchrotron + IC (X1) to fully IC-dominated (X3); flares are particle
driven.

e X-ray spectra separate the CL states (FSRO hard, BL Lac soft); Flare X3 differ from the CL epochs.

Thank You

npknavaneeth@gmail.com
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	Spectral hysteresis: X1 is a CW cooling loop; X2 and X3 complex multi-loop trajectories, shifting acceleration/cooling balance.
	Systematic hardening through the flares: ΓX = 1.97 → 1.71 → 1.34 (X1 to X3).
	One-zone leptonic SEDs: X-rays go from synchrotron + IC (X1) to fully IC-dominated (X3); flares are particle driven.
	X-ray spectra separate the CL states (FSRQ hard, BL Lac soft); Flare X3 differ from the CL epochs.
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