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A B S T R A C T 

The evolution of the spectral energy distribution during flares constrains models of particle acceleration in blazar jets. 
The archetypical blazar BL Lacertae provided a unique opportunity to study spectral variations during an extended strong 

flaring episode from 2020 to 2021. During its brightest γ -ray state, the observed flux (0.1–300 GeV) reached up to 

2 . 15 × 10 

−5 ph cm 

−2 s −1 , with sub-hour-scale variability. The synchrotron hump extended into the X-ray regime showing 

a minute-scale flare with an associated peak shift of inverse-Compton hump in γ -rays. In shock acceleration models, a high 

Doppler factor value > 100 is required to explain the observed rapid variability, change of state, and γ -ray peak shift. Assuming 

particle acceleration in minijets produced by magnetic reconnection during flares, on the other hand, alleviates the constraint 
on required bulk Doppler factor. In such jet-in-jet models, observed spectral shift to higher energies (towards TeV regime) and 

simultaneous rapid variability arises from the accidental alignment of a magnetic plasmoid with the direction of the line of sight. 
We infer a magnetic field of ∼0.6 G in a reconnection region located at the edge of broad-line region ( ∼0.02 pc). The scenario 

is further supported by lognormal flux distribution arising from merging of plasmoids in reconnection region. 

Key words: magnetic reconnection – radiation mechanisms: non-thermal – BL Lacertae objects: individual: BL Lac – galaxies: 
jets – g amma-rays: g alaxies – X-rays: galaxies. 
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 I N T RO D U C T I O N  

he BL Lacertae (BL Lac) is an eponymous blazar at a redshift
f 0.069 (Miller, French & Ha wle y 1978 ) that is usually classified
s low-peaked BL Lac (Nilsson et al. 2018 ) with an intermediate
L Lac behaviour at times (Ackermann et al. 2011 ). A peculiar
roperty of the source is the detection of weak H α and H β lines
nderscoring the presence of a feeble broad-line region (BLR) in 
pite of its classification in the BL Lac class (Corbett et al. 1996 ).
ultiwavelength (MWL) studies in flaring and quiescent states 

equire a dominant component of γ -ray emission from the inverse- 
ompton (IC) upscattering of external seed photons (Abdo et al. 
011 ). Thus, there is a high probability that the BLR serves as
 source of seed photons for the electron population in the jets.
mitted high-energy (HE) photons are expected to be absorbed and 
ttenuated by the ultraviolet (UV) photons emitted by the BLR 

nd produce a curvature in the HE γ -ray spectrum (Poutanen & 

tern 2010 ). Interestingly, the source is a known TeV emitter and
as been observed in very high energy (VHE; E > 30 GeV) γ -
ays by Major Atmospheric Gamma Imaging Cherenkov Telescope 
 E-mail: sush.agarwal16@gmail.com 
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MAGIC) and Very Energetic Radiation Imaging Telescope Array 
ystem (VERITAS) (Arlen et al. 2013 ; Abeysekara et al. 2018 ;
AGIC Collaboration 2019 ). The observed fast TeV variability 

an be interpreted as a small emission zone close to the black hole
agnetosphere (Aleksi ́c et al. 2014 ), mini jet-in-jet interaction from
agnetic reconnection (Giannios, Uzdensky & Begelman 2009 ), 

tar–jet interaction (Banasi ́nski, Bednarek & Sitarek 2016 ), or a two-
one emission region (Tavecchio et al. 2011 ) consisting of a small
lob with a large Doppler factor interacting with a larger emission
egion. In this work, we strive to elucidate the possible physical
rocesses supporting observed state change in BL Lac during the 
nhanced activity period. The flow of the letter will be as follows:
ections 2 and 3 present the data reduction and techniques used

n analysis, respectively. Sections 4 and 5 cover the results and
iscussion, respectively. 

 DATA  AC QU ISITION  A N D  ANALYSI S  

he Fermi Large Area Telescope (LAT) is a pair-conversion HE γ -
ay (0.1–300 GeV) telescope onboard the Fermi spacecraft. Fermi 
cience tools and open source FERMIPY package (Wood et al. 2017 )
re used to analyse source data using the latest instrument response
unction P 8 R 3 SOURCE V3 . A circular 15 ◦ region of interest is
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Figure 1. (a) The Fermi -LAT LCs of BL Lac for MJD 54683–59473. The 
red lines categorize 13 yr of data into five flux states (S1–S5). (b) The HE 

(0.1–300 GeV) spectrum of the five states. (c) The 1 d binned Fermi -LAT 

LC of BL Lac for MJD 59000–59478 (S5). The highlighted re gions in gre y, 
olive, orange, and pink represent the periods under study (S5-1, S5-2, S5-3, 
and S5-4). Bayesian blocks on top highlight the variable nature of the LC. 
Swift -XRT o v erall binned LC for MJD 59000–59478 is plotted (in blue). 
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onsidered around the source. Shukla & Mannheim ( 2020 ) provide
etails on the LAT data reduction procedure followed in this work. 
We analysed 33 Swift X-Ray Telescope (XRT) pointed source

bservations on four time segments corresponding to Fermi flaring
pisodes ( Fig. 1 c). Data reduction to generate light curves, spectrum,
ncillary response file, and redistribution matrix file is done using
ersion 1.0.2 of the calibration data base and version 6.29 of the HEA-
OFT software for the Photon Counting and Window Timing modes
ata. The data are corrected for the pile-up using the procedures
iven in website ( https:// www.swift.ac.uk/ analysis/xrt/pileup.php ).
n annular source region with an outer radius of 30 arcsec and back-
round region files were extracted farther away from the source using
 circular region of radius 50 arcsec. The background-subtracted
pectrum was modelled with an absorbed power law (PL) using
hotoelectric absorption model tbabs in XSPEC with a fixed galactic
bsorption hydrogen column density of N H = 2 . 70 × 10 21 cm 

−2 

D’Ammando 2021 ) in the source direction. The X-ray flux count rate
n Figs 1 (c) and 2 are from the preliminary analysis of the Swift -XRT
ata (Stroh & Falcone 2013 ). 
We use simultaneous Swift - Ultraviolet Optical Telescope (UV O T)

bservations in all six filters for optical and UV co v erage: V (500–
00 nm), B (380–500 nm), U (300–400 nm), W1 (220–400 nm), M2
200–280 nm), and W2 (180–260 nm).Source counts are extracted
rom a circle of 5 arcsec radius centred on the source coordinates.
ackground counts are derived from a 20 arcsec radius circular region

n a nearby source-free region (D’Ammando 2021 ). Magnitude and
ux are extracted from the generated source and background region
les. The flux densities for host galaxy in v , b , u , w1 , m2 , and
2 bands are taken to be 2.89, 1.30, 0.36, 0.026, 0.020, and 0.017
Jy following Raiteri et al. ( 2013 ) and subtracted. The host galaxy
NRASL 521, L53–L58 (2023) 
ontaminating the UV O T photometry is 50 per cent of the entire
alaxy flux. This contribution is remo v ed from the uncorrected
agnitude to obtain the flux free of host galaxy contamination.
he galactic extinction is further corrected using E ( B − V ) value
f 0.291 following Schlafly & Finkbeiner ( 2011 ) with mean galactic
 xtinction la ws by Cardelli, Clayton & Mathis ( 1989 ). The corrected
agnitude is converted to flux using zero-point, and flux density

onversion factor from Poole et al. ( 2008 ) and Roming et al. ( 2008 ),
espectively. 

 M E T H O D S  A N D  T E C H N I QU E S  

.1 Power spectral density (PSD) 

e compute the periodogram of 10 d binned Fermi -LAT light curve
LC) down to 3 h binning to study the temporal variability. Obtained
SD is fitted with a PL model of the form PSD ( ν) ∝ ν−k , where
 and ν are the spectral index and the frequency , respectively . We
sed the `power spectral response (PSRESP)’ method described in
ax-Moerbeck et al. ( 2014 ) based on Uttley, McHardy & Papadakis

 2002 ) to obtain the best-fitting values of PL parameters. We
imulate 1000 LCs having similar flux distribution as the observed
Emmanoulopoulos, McHardy & Papadakis 2013 ), accounting for
he red-noise leakage, and aliasing effects as described in Goyal
t al. ( 2022 ). 

.2 Bayesian blocks 

e use the Bayesian block (BB; Scargle et al. 2013 ) algorithm
o identify optimal flux states given by constant flux segments of
arying duration. The point-measurement fitness function with a
alse-positive rate of 5 per cent is used to find a change point
ndicating when the flux state changes to another distinct state
Abeysekara et al. 2017 ). The average flux between two change
oints is considered the flux for the BB. The block’s flux uncertainty
s the average of each point’s flux uncertainty weighted by the inverse
quare of flux uncertainty. 

 RESULTS  

he HE (0.1–300 GeV) LC of BL Lac observed during 13 yr has been
ivided into five states that are marked with vertical dashed lines in
ig. 1 (a) with details provided in Table 1 to study flux and spectral
ehaviour of the source, where a significant increase in flux was seen
fter MJD 59000. BB analysis showed 94 change points for the 10
 binned LC (Fig. 1 a). The PSD analysis on the LC was performed
onsidering different binning from 10 d down to 3 h time-scales on
3-yr-long Fermi- LAT data. The results are tabulated in Table 1 . 
PSDs spectra from 10 d to 3 h are consistent with pink noise with

ndex ∼1 of PL function in the 0.1–300 GeV range. Interestingly,
he obtained PSD spectrum is found to be independent of the flux
tate. The observed consistency in pink noise from 10 d to 3 h time-
cales indicates a similar variability process guiding jet variability
egardless of the source’s flux state. Furthermore, the variability
ehaviour of individual flaring activity in the flare S5 has been
nvestigated using multiwaveband LCs from Swift -XRT and Fermi -
AT. 
We study the spectral evolution for four activity regions in S5: (1)

5-1: MJD 59120–59140, (2) S5-2: MJD 59329–59340, (3) S5-3:
JD 59400–59410, and (4) S5-4: MJD 59420–59440 highlighted in

ig. 1 (c). The choice of the activity regions is based on the availability
f dense X-ray data co v ering the different flux states of corresponding

art/slad023_f1.eps
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Figure 2. (Left) The Fermi -LAT LC of periods highlighted in Figs 1 (c) and (d). The Swift -XRT LC is plotted on twin axis in blue. Vertical dashed lines represent 
the times when the MWL SED is studied (right) for the chosen period. 

Table 1. PSD results. 

Flux state 1 Time period 2 T obs 
3 N TS > 9 / N tot 

4 � T min 
5 � T max 

6 T mean 
7 α ± αerr 

8 p β 9 F var ± � F var 
10 

(d) (d) (d) (d) (d) 

State 1 (S1) MJD 54683–55692 1010 93/101 10 20 10.89 0.81 ± 0.37 0.80 0.52 ± 0.03 
State 2 (S2) MJD 55693–56103 410 41/41 10 10 10 0.43 ± 0.66 0.98 0.30 ± 0.02 
State 3 (S3) MJD 56103–57003 900 83/90 10 30 10.86 1.07 ± 0.52 0.65 0.71 ± 0.03 
S1 + S2 + S3 MJD 54683–57003 2320 216/231 10 30 10.75 1.17 ± 0.34 0.51 0.69 ± 0.01 
State 4 (S4) MJD 57003–59003 2000 195/195 10 50 10.26 0.94 ± 0.23 0.36 0.42 ± 0.01 
State 5 (S5) MJD 59003–59463 460 46/46 10 10 10 1.24 ± 0.62 0.22 0.64 ± 0.01 
State 5 (S5) MJD 59000–59463 464 447/464 1 4 1.04 1.21 ± 0.21 0.46 0.84 ± 0.01 
S5-4 MJD 59420–59440 10 79/79 0.125 0.25 0.13 0.77 ± 0.34 0.14 0.41 ± 0.02 
S1 + S2 + S3 + 

S4 + S5 
MJD 54683–59463 4770 457/472 10 50 10.44 1.24 ± 0.29 0.84 1.04 ± 0.01 

1 The flux states based on flux levels. (S1, S2, and S3 are combined to improve the statistics as number of points are less in S2 and S3.) 
2 Time period. 
3 Total exposure. 
4 Fraction of points having TS greater than 9. 
5 Minimum sampling interval in observed LC. 
6 Maximum sampling interval in observed LC. 
7 Mean sampling time interval, i.e. total observation time o v er a number of data points in that interval. 
8 The PL index for the PL model of PSD analysis. 
9 P value corresponding to the PL model. The PL model is considered a bad fit if p β ≤ 0.1 as the rejection confidence for such model is > 90 per cent. 
10 Fractional variability. 
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-ray activity. State S5-2 is chosen to account for the variability study
uring the brightest γ -ray activity in the source. The variability time- 
cales are e v aluated using t var = ( t 2 − t 1 ) ln 2 
ln ( F 2 /F 1 ) 

, where F 2 and F 1 

re the fluxes at time t 2 and t 1 , respectively, and t var is the flux doubling
MNRASL 521, L53–L58 (2023) 
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(a) (b)

(c)

Figure 3. (a) Orbit-binning LC of BL Lac on 2021 April 27, with BBs with a 
false positive of 5 per cent plotted on top. The flux doubling time-scales at the 
point of change of the BB is specified. (b) 30 s binned Swift -XRT LC for BL 

Lac corresponding to the brightest X-ray flux observed on 2020 October 6. (c) 
Synchrotron cooling time-scale corresponding to different electron energies. 
The red point represents the time-scale for the observed synchrotron emission 
up to 7.5 keV. The horizontal black line represents the observed time-scales 
of 7.7 min in jet frame corresponding to Doppler factor between 5 and 50. 
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nd halving time-scales. We checked the shortest variability in X-rays
ased on the binning of the X-ray LC (10, 15, 20, 25, and 30 s), where
e also checked the combination of the LC points. We observed that
 wider binning, such as 30 s (adopted in this work), results in a
igher significance. The resulting significance quoted in this work
s a post-trial significance. The fastest flux variation during S5 was
bserved on 2020 October 6 by Swift -XRT when the variability of
t var = 7 . 7 ± 1 . 6 min was detected with 4.8 σ confidence (post-trial)

nd a hint of shorter variability of 2 . 4 ± 0 . 9 min was also observed
ith 2.6 σ (post-trial) confidence. These rapid flux changes are also
isible as a new BB, see Fig. 3 (b). Simultaneous enhancement in the
ux is observed in 0.1–300 GeV; ho we ver, no e vidence of coinciding
ub-hour variability is found in the LAT data, mostly due to the
imited sensitivity of LAT. Though, an hour-scale variability with a
ise time of 78 min on 2021 April 27 and a decay time of 46 min in
he falling part of the flare is observed in orbit-binned LC as shown
n Fig. 3 (a) for state S5-2. 

The flux profiles for different states of BL Lac (S1–S5) are
stimated using Acciari et al. ( 2021 ). The best-fitting model is
elected based on a non-o v erlapping distribution (outside 1 σ ) of
he Akaike information criterion derived from 1000 simulated LCs
rom a Gaussian, where the mean and the width are the observed flux
nd the flux uncertainty , respectively . For S3 and S5, lognormal flux
istribution is preferred o v er a Gaussian. The source shows larger
ariability for S3 and S5 with the values of fractional variability ( F var ;
aughan et al. 2003 ) as 0.70 ± 0.03 and 0.64 ± 0.01, respectively.
 Gaussian distribution is preferred in S1, where no prominent
are has been observed. The lognormality of flux is also reported

n several other blazars in X-rays to VHE γ -rays (Acciari et al. 2021 ,
nd references therein) as a consequence of multiplicative processes
esponsible for the v ariability. Ho we ver, Scargle ( 2020 ) sho ws in the
eneral case that multiplicativity is not necessarily needed to obtain
n rms–flux correlation and that such correlations have been obtained
n specific examples through purely additive processes (Biteau &
iebels 2012 ). 
NRASL 521, L53–L58 (2023) 
To study the spectral evolution o v er 13 yr, the HE LAT spectra of
ifferent states are fitted with a log parabola model, parametrized as

d N 
d E = N ◦

(
E 
E b 

)−( α+ β( log ( E/E b ))) 
where E b was fixed to 4FGL catalogue

alue of 0.7 GeV. The best-fitting spectral parameters are listed in
ig. 1 (b). The observed spectral index ( α) shows a trend with the

ncreasing flux for the five states; ho we ver, the curv ature parameter
 β) is found to be consistent for each state. In addition, the peak of the
E spectrum shifts to higher energy and is observed at 1 GeV for S5,
hich is the period with the brightest γ -ray emission. MWL spectral

volution consisting of UV, X-rays, and GeV data is studied during
he four activity periods. The epochs with simultaneous observation
n Swift -XRT and Fermi -LAT are chosen based on the BBs co v ering
he Swift observation epoch and are shown by vertical dashed lines
n Fig. 2 . Simultaneous MWL spectral energy distributions (SEDs)
re shown on the right-hand side of Fig. 2 . The X-ray spectrum
s fitted using the absorbed PL model described in Section 2 . The
ource exhibits a softer-when-brighter behaviour in the energy range
f 0.2–10 keV in S5. 
An evident state change in the X-ray regime is flagged by X-

ay emission observed in the second hump of the spectrum during
he low-flux state, which evolves into softer X-ray emission via the
ynchrotron process during the enhanced flux states. This shift is
ccompanied by hint of shift of the Fermi -LAT spectrum to higher
nergies, as indicated by an apparent shift of the second hump’s
eak to higher energies and the simultaneous detection of the highest
nergy photons (HEPs) for the studied state. This effect is especially
oticeable in the flare of S5-1 and S5-4. For S5-1, the X-ray emission
ies in the rising part of the External Compton (EC) hump from
020 October 11 to 2020 October 16, in contrast to the observed X-
ay emission via synchrotron process from 2020 October 2 to 2020
ctober 10. The stacked LAT data based on the hardness ratio in the
-rays, softer and harder than −2, result in the peak of LAT spectra

t energies from 1 . 06 ± 0 . 21 to 1 . 97 ± 0 . 05 GeV , indicating that the
E peak shifts to higher energies as the X-ray spectra become harder.
or the observed shifted HE peak, the detected HEPs ranged from
.6 to 53 . 6 GeV . Similarly, for period S5-4, we observe a transition
f X-ray emission via synchrotron process from the EC process as
he flux evolves from 2021 July 29 to 2021 August 2. As the flux
ecays further on 2021 August 12, the spectrum shifts to the second
ump. This is visible in the stacked LAT spectrum with a peak at
 . 67 ± 0 . 14 GeV during the periods of hard X-ray spectrum to a shift
n peak at 1 . 84 ± 0 . 63 GeV during periods of softer X-ray spectrum.
he shift is further supported by the detection of HEPs of energies

rom 71 to 114 GeV during the stacked periods. A hint of a similar
hift in S5-3 is highlighted by the detection of HEPs of 172 GeV
uring 2021 July 11 where the X-ray spectrum lies in the first hump
n contrast to the HEPs of 50 GeV during 2021 July 14 where the
-ray spectrum is significantly harder. The spectral shift is shown in
ig. 2 . 

 DI SCUSSI ON  

L Lac’s flux levels are found to be variable and evolved with
ime, and its HE spectrum (0.1–300 GeV) can be explained by the
og parabola model. The Fermi -LAT spectral index ( α) gets harder
ith increasing flux, suggesting fresh or re-accelerated electrons.
he spectrum’s curvature parameter ( β) does not change o v er 13 yr
espite a significant flux change, suggesting a similar influence of
xternal UV photons within or at the edge of the BLR (Poutanen &
tern 2010 ) on emitted photons in the jet. The observed Lyman H α

ines suggest a weak BLR since from the standard scaling relation,

art/slad023_f3.eps
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uminosity L BLR = 2.5 × 10 42 erg s −1 and R BLR = 2 × 10 16 cm
Ghisellini & Tavecchio 2009 ). 

The source is known to be variable in multiple wavebands (Weaver 
t al. 2020 ). It was found in high activity in 2020–2021 along with
ultiple episodes of state change, where X-ray emission shifts from 

he second to first SED hump. For the first time, minute-scale X-
ay variability was found simultaneous with a rare shift of the X-
ay emission to the first hump. Moreo v er, rapid variability and X-
ay state change were accompanied by a simultaneous shift of IC
eak to the higher energies in activity regions S5-1 and S5-4. Such
vents are extremely rare in blazars and help constrain emission and 
article acceleration models. For the brightest γ -ray flux observed 
n MJD 59331, the orbit binning reveals a sub-hour variability of 46
in, consistent with observed TeV variability (Arlen et al. 2013 ). In

ddition, the correlation of flux–rms versus flux and the dominance 
f lognormal flux distribution could indicate a multiplicati ve ef fect 
ssociated with the accretion process (Uttley, McHardy & Vaughan 
005 ). A minijet-in-jet model can also be a possible explanation 
or these observations (Biteau & Giebels 2012 ). Similar PSD for
ategorized states suggests a similar variability process in the Fermi 
and. The quasi-simultaneous detections of TeV emission, rapid 
ariability, peak shift and X-ray observation at the first hump, and 
ognormal distribution pose substantial challenges to the shock-in-jet 
odel (Spada et al. 2001 ). 
Corresponding to MJD 59128, during the period of brightest X-ray 

ux, a minimum variability time of 7 . 7 ± 1 . 6 min with a post-trial
ignificance of 4.8 σ in X-ray LCs is detected. This corresponds to 
n emission region located within the BLR at 2 . 9 × 10 15 cm if the
mission region covers the entire cross-section of the jet. We also 
ound hints of a shorter variability time-scale of 2 . 4 ± 0 . 9 min (2.6 σ ,
ost-trial) in 30 s binned Swift -XRT data. Similar results are reported
y D’Ammando ( 2021 ) and Sahakyan & Giommi ( 2022 ). A sub-
our variability of 46 ± 24 min is observed on MJD 59331 during the
rightest γ -ray state of the source. P ande y & Stalin ( 2022 ) hinted at a
inute-scale GeV γ -ray variability during this giant γ -ray outburst. 
The extension of the synchrotron spectrum up to ∼7.5 keV during 

he high-flux states and hardening of the X-ray spectra during the 
ow-flux state hint at a selective viewing angle during the flare 
 v syn ∝ γ 2 B δ) or a significant particle acceleration process. The ob-
erved 7.5 keV photons provide a signature of the maximum energy 
f the accelerated electrons. Using synchrotron cooling time-scales, 
= 

3 m e c 
4 σT γU 

, from equation 12 in Tammi & Duffy ( 2009 ) and fre-

uency of emitted synchrotron photons, νs = 4 . 2 × 10 6 γ 2 B 

′ δ
1 + z 

Hz
Chatterjee et al. 2021 ), we constrain γ 2 B 

′ 
δ = 4.3 × 10 11 Hz, where

 = U mag = B 

′ 2 /8 π for synchrotron losses. The observed time-scale
f 7.7 min is translated into the jet frame by using a Doppler factor
etween 5 and 50. The electron energies responsible for the observed 
mission of 7.5 keV are found to be γ = 6.5 × 10 4 −5.5 × 10 5 . This
imits the magnetic field to be within 0.3–2.2 G (see Fig. 3 c). 

The shock-in-jet scenario and recollimation shock demand a 
oppler factor > 100 for the observed luminosity from an emis-

ion region corresponding to observed minute-scale variability 
Bromberg & Levinson 2009 ). Such high Doppler factor values 
ontradict the values in kinematic studies of parsec-scale jets and 
lso from magnetohydrodynamical models of the jets (Jorstad et al. 
005 ). 
A possible origin for extended X-ray emission up to 7.5 keV 

long with observed fast variability and the apparent shift into the 
econd hump could be associated with the preferred alignment of 
he emission along the line of sight (Meyer, Petropoulou & Christie
021 ) through jet-in-jet scenario. Substantial dissipation takes place 
hen reconnection time-scales become equal to expansion time- 
cales of jet at distances R diss � � 

2 r g / ε, where ε parametrizes the
econnection rate (Giannios 2013 ). Thus, the dissipation takes place 
t R diss = 4 . 74 × 10 16 cm = 1012 r g from the central engine, close
o the outer boundary of BLR. At the sight of reconnection, magnetic
nergy is transferred to the particles and results in plasmoid formation 
Morris, Potter & Cotter 2019 ). We expect an enhanced emission and
 shift in SED to the higher energies due to Doppler enhancement
aused by selective orientation of plasmoid in observer’s line of sight.
o we ver, when the source fades back to the low state, post-flare, or
hen the plasmoid is no longer in line of sight, the Doppler boost

 ades aw ay, and the SED shifts to lower energies. 
Considering the jet aligned in line of sight, � j = 10, we compute

he Doppler factor of a large plasmoid to be δp = 40. The emission
rom the entire reconnection region results in envelope emission, 
hich is significantly lower than the emission from the minijets 

pecifically aligned in the observer’s direction. The characteristic size 
 

′ 
is estimated from the envelope time-scale t env as l ′ = t env � j εc ∼
 . 1 × 10 15 cm . The plasmoid responsible for the minute-scale flare
rows up to 10 per cent ( f = 0.1) of the reconnection region. The
ise/decay time of the minute-scale flare on top of the envelope 
mission is given by t flare = f l ′ /δp c ∼ 425 s. Total envelope and
lasmoid luminosities that are responsible for envelope and fast- 
are emission, respectively, in the jet-in-jet model can be expressed 
s L env = 2 � 

2 
j δ

2 
p l 

′ 2 U 

′ 
j εc erg s −1 and L P = 4 πf 2 l 

′ 2 U 

′′ 
p cδ

4 
p erg s −1 ,

espectively. Here, ε is the reconnection rate, U 

′ 
j is the energy density

t the dissipation zone in the comoving frame of the jet, and U 

′′ 
p 

s the energy density of the plasmoid in its comoving frame. We
se U 

′ 
j = U 

′′ 
p / 2 as in Giannios ( 2013 ). The isotropic envelope and

lasmoid luminosity are found to be L env = 3 . 6 × 10 44 erg s −1 and
 p = 7 . 2 × 10 45 erg s −1 (for B 

′ = 0 . 6 G), respectiv ely. F or such a
agnetic field, electron energies for the observed cooling time-scales 

re within 1.2 × 10 5 −4 × 10 5 . 
We conclude that the SED variations and their time-scales reported 

re in line with a scenario that involves a flaring component and a
teady component. Magnetic reconnection gives rise to impulsive 
article acceleration in minijets associated with a stochastic flaring 
omponent. Growing modes of kink instability can lead to magnetic 
econnection beyond the edge of the BLR out to the parsec scale.
uch kink instabilities have been located by Jorstad et al. ( 2022 )
eyond 5 pc fuelling observed optical activity and cospatial γ -ray 
mission through synchrotron self-Compton. Close to the edge of 
he BLR, the SED is dominated by IC scattering by external optical
LR photons (e.g. MAGIC Collaboration 2019 ). 
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