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• Blazars with flat radio spectra and 
broad optical emission lines  

• Bright ɣ-ray emitters with extreme 
flares, 1/3 of Fermi observed AGNs 
[3LAC, Ackermann+ 2015] 

• Variability on time scales of minutes 
observed above100 MeV (100 GeV) for 
2 (1) sources  
[e.g., Aleksic+ 2012, Ackermann+ 2015, Shukla+ 
2018, and talks this session]  

• Location and mechanism of ɣ-ray 
emission still unclear: lepto-hadronic / 
synchrotron self Compton / external 
Compton 
[e.g., Finke 2016 and references therein] 

• No signs of ɣ-ray absorption found  
[e.g., Costamante+ 2018 and talk by Sara Cutini]
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Goals: 

• Systematic characterization of global and local 
temporal ɣ-ray behaviour of brightest FSRQs 
using Fermi-LAT observations 

• Search for ɣ-ray absorption in local radiation 
fields to place constraints on position of emitting 
region + cross check with time lags between ɣ-
ray and radio emission 
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• Goal: select brightest flares to guarantee 
high S/N spectra and ability to search for 
variability within one Fermi-LAT orbit 

• Requirement: daily flux > 10-5 ph cm-2 s-1 
within 1σ uncertainty in weekly 
monitored light curves 

• Perform Fermi-LAT analysis above 
100MeV with 9.5 years of Pass 8 data
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https://fermi.gsfc.nasa.gov/ssc/data/access/lat/msl_lc/

https://fermi.gsfc.nasa.gov/ssc/data/access/lat/msl_lc/
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t-t0 [hours]

• Adaptive binning used so that flux 
uncertainty is ~ constant and 20% [Lott et 
al. 2012] 

• If Bayesian blocks indicate significant flux 
change within one orbit, perform 𝞆2 test 
for constant flux to minimize trials

P R E L I M I N A R Y
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• Stratified BLR model with 
flattened geometry: 
emission lines emitted from 
rings perpendicular to jet  
[Finke 2016] 

• Ring radii and line 
luminosities from 
reverberation mapping  
[Liu+ 2006; Torrealba+ 
2012] 

• Only free parameter: 
distance of ɣ-ray emission 
region to BH

P R E L I M I N A R Y
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P R E L I M I N A R Y

BLR photons: ~ 10 mins; dust torus ~ 10 hours assuming 
jet properties from VLBI observations [Jorstad+ 2017]

t
cool
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• Search for time lags with 
local cross correlation 
function  
[Max-Moerbeck+ 2014] 

• Radio observations: 

• SMA (1.3 mm / 230 GHz) 

• ALMA Band 3 (~3 mm / 
100 GHz) 

• OVRO (15 GHz)

PREL IM INARY



R E S U LT S  F O R  C R O S S  C O R R E L AT I O N  
S T U D Y

• Correlations with significance > 2σ 
found for 3C273 (OVRO, SMA), CTA102 
(ALMA), and 3C454.3 (OVRO, ALMA, 
SMA) 

• ɣ-ray leads radio emission 

• Distance between ɣ-ray and radio 
emitting zones: 
 
 
 
 
[jet parameters from Jorstad+ 2017] 

• Core position from VLBI observations  
[Lister+ 2016 and following Fuhrmann+ 2014] 

• For 3C454.3 and CTA102: ɣ-ray 
emission consistent with mm 
emission produced at distances ≳ pc, 
however would drastically increase 
cooling time!

!9

d�,r =
���c⌧peak

1 + z
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• Carried out systematic study of brightest ɣ-ray emitting FSRQs with 9.5 years of 
LAT data 

• Flaring episodes determined using Bayesian blocks and implementation of 
HOP algorithm 

• Sources show complex flaring behaviour and flicker noise on longer time scales 

• Evidence for variability on minute time scales found for 4 sources 

• Absence of spectral BLR absorption features places ɣ-ray emitting region 
close to Lyα emitting BLR ring [see other talks this session] 

• Evidence for correlation between ɣ-ray and radio emission found for 3 
sources, consistent with co-spatial production of ɣ rays and mm emission, 
however, might conflict with short cooling times
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D E T E R M I N I N G  T H E  P O W E R  S P E C T R U M

• Best-fit periodogram derived 
from simulated light curves 
[following method of Max-
Moerbeck+ 2014 and 
Emmanoupoulos+ 2013] 

• Best-fit power spectral density 
with power law with index ~ 1, 
flicker noise

!13

Preliminary
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P R E L I M I N A RY

F I T  T O  O R B I TA L  L I G H T  C U R V E S

F0 ⇥

exp

✓
t� t0
⌧rise

◆
+ exp

✓
t0 � t

⌧decay

◆��1
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F I T  T O  O R B I TA L  L I G H T  C U R V E S

PREL IM INARY

All sources show rise and decay times shorter than horizon 
crossing time (in observer’s frame)
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F I T  T O  O R B I TA L  L I G H T  C U R V E S :  
A S Y M M E T R Y

• A < 0: fast rise exponential decay (FRED), could 
indicate particle injection and cooling 

• A ~ 0: symmetric flares, could indicate beam sweeping 
through line of sight, or superposition of flares 

• A > 0: exponential rise fast decay (ERFD)

A =
⌧rise � ⌧decay
⌧rise + ⌧decay

<latexit sha1_base64="7n+v0bxDzP981xJex6SJWuekkzU=">AAACSnicjVA9S8NAGL7UqrV+RR1dDosgiCURQR2EqotjBWsLTQmXy5v26OWDu4tQQv6fi4ubf8LFQcXFS9vBSgUfOHh4PriXx0s4k8qyXozSQnlxabmyUl1dW9/YNLe272WcCgotGvNYdDwigbMIWoopDp1EAAk9Dm1veF347QcQksXRnRol0AtJP2IBo0RpyTU9rHGJL7ATCEIzR5HUdUKiBiLMBJOQH81IPlAyyvNq0ZoTPpwXds2aXbfGwH+TGpqi6ZrPjh/TNIRIUU6k7NpWonoZEYpRDnnVSSUkhA5JH7qaRiQE2cvGW+R4Xys+DmKhX6TwWP3ZyEgo5Sj0dLI4U/72CnGe101VcNbLWJSkCiI6+ShIOVYxLobFPhNAFR9pQqhg+lZMB0SPqvT81f+N0Dqun9ft25Na42q6RgXtoj10gGx0ihroBjVRC1H0iF7RO/ownow349P4mkRLxrSzg2ZQKn8D3sK0WQ==</latexit><latexit sha1_base64="7n+v0bxDzP981xJex6SJWuekkzU=">AAACSnicjVA9S8NAGL7UqrV+RR1dDosgiCURQR2EqotjBWsLTQmXy5v26OWDu4tQQv6fi4ubf8LFQcXFS9vBSgUfOHh4PriXx0s4k8qyXozSQnlxabmyUl1dW9/YNLe272WcCgotGvNYdDwigbMIWoopDp1EAAk9Dm1veF347QcQksXRnRol0AtJP2IBo0RpyTU9rHGJL7ATCEIzR5HUdUKiBiLMBJOQH81IPlAyyvNq0ZoTPpwXds2aXbfGwH+TGpqi6ZrPjh/TNIRIUU6k7NpWonoZEYpRDnnVSSUkhA5JH7qaRiQE2cvGW+R4Xys+DmKhX6TwWP3ZyEgo5Sj0dLI4U/72CnGe101VcNbLWJSkCiI6+ShIOVYxLobFPhNAFR9pQqhg+lZMB0SPqvT81f+N0Dqun9ft25Na42q6RgXtoj10gGx0ihroBjVRC1H0iF7RO/ownow349P4mkRLxrSzg2ZQKn8D3sK0WQ==</latexit><latexit sha1_base64="7n+v0bxDzP981xJex6SJWuekkzU=">AAACSnicjVA9S8NAGL7UqrV+RR1dDosgiCURQR2EqotjBWsLTQmXy5v26OWDu4tQQv6fi4ubf8LFQcXFS9vBSgUfOHh4PriXx0s4k8qyXozSQnlxabmyUl1dW9/YNLe272WcCgotGvNYdDwigbMIWoopDp1EAAk9Dm1veF347QcQksXRnRol0AtJP2IBo0RpyTU9rHGJL7ATCEIzR5HUdUKiBiLMBJOQH81IPlAyyvNq0ZoTPpwXds2aXbfGwH+TGpqi6ZrPjh/TNIRIUU6k7NpWonoZEYpRDnnVSSUkhA5JH7qaRiQE2cvGW+R4Xys+DmKhX6TwWP3ZyEgo5Sj0dLI4U/72CnGe101VcNbLWJSkCiI6+ShIOVYxLobFPhNAFR9pQqhg+lZMB0SPqvT81f+N0Dqun9ft25Na42q6RgXtoj10gGx0ihroBjVRC1H0iF7RO/ownow349P4mkRLxrSzg2ZQKn8D3sK0WQ==</latexit><latexit sha1_base64="7n+v0bxDzP981xJex6SJWuekkzU=">AAACSnicjVA9S8NAGL7UqrV+RR1dDosgiCURQR2EqotjBWsLTQmXy5v26OWDu4tQQv6fi4ubf8LFQcXFS9vBSgUfOHh4PriXx0s4k8qyXozSQnlxabmyUl1dW9/YNLe272WcCgotGvNYdDwigbMIWoopDp1EAAk9Dm1veF347QcQksXRnRol0AtJP2IBo0RpyTU9rHGJL7ATCEIzR5HUdUKiBiLMBJOQH81IPlAyyvNq0ZoTPpwXds2aXbfGwH+TGpqi6ZrPjh/TNIRIUU6k7NpWonoZEYpRDnnVSSUkhA5JH7qaRiQE2cvGW+R4Xys+DmKhX6TwWP3ZyEgo5Sj0dLI4U/72CnGe101VcNbLWJSkCiI6+ShIOVYxLobFPhNAFR9pQqhg+lZMB0SPqvT81f+N0Dqun9ft25Na42q6RgXtoj10gGx0ihroBjVRC1H0iF7RO/ownow349P4mkRLxrSzg2ZQKn8D3sK0WQ==</latexit>

P R E L I M I N A RY
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F I T  T O  O R B I TA L  L I G H T  C U R V E S :  
A S Y M M E T R Y

• A < 0: fast rise exponential decay (FRED), could 
indicate particle injection and cooling 

• A ~ 0: symmetric flares, could indicate beam sweeping 
through line of sight, or superposition of flares 

• A > 0: exponential rise fast decay (ERFD)

A =
⌧rise � ⌧decay
⌧rise + ⌧decay

<latexit sha1_base64="7n+v0bxDzP981xJex6SJWuekkzU=">AAACSnicjVA9S8NAGL7UqrV+RR1dDosgiCURQR2EqotjBWsLTQmXy5v26OWDu4tQQv6fi4ubf8LFQcXFS9vBSgUfOHh4PriXx0s4k8qyXozSQnlxabmyUl1dW9/YNLe272WcCgotGvNYdDwigbMIWoopDp1EAAk9Dm1veF347QcQksXRnRol0AtJP2IBo0RpyTU9rHGJL7ATCEIzR5HUdUKiBiLMBJOQH81IPlAyyvNq0ZoTPpwXds2aXbfGwH+TGpqi6ZrPjh/TNIRIUU6k7NpWonoZEYpRDnnVSSUkhA5JH7qaRiQE2cvGW+R4Xys+DmKhX6TwWP3ZyEgo5Sj0dLI4U/72CnGe101VcNbLWJSkCiI6+ShIOVYxLobFPhNAFR9pQqhg+lZMB0SPqvT81f+N0Dqun9ft25Na42q6RgXtoj10gGx0ihroBjVRC1H0iF7RO/ownow349P4mkRLxrSzg2ZQKn8D3sK0WQ==</latexit><latexit sha1_base64="7n+v0bxDzP981xJex6SJWuekkzU=">AAACSnicjVA9S8NAGL7UqrV+RR1dDosgiCURQR2EqotjBWsLTQmXy5v26OWDu4tQQv6fi4ubf8LFQcXFS9vBSgUfOHh4PriXx0s4k8qyXozSQnlxabmyUl1dW9/YNLe272WcCgotGvNYdDwigbMIWoopDp1EAAk9Dm1veF347QcQksXRnRol0AtJP2IBo0RpyTU9rHGJL7ATCEIzR5HUdUKiBiLMBJOQH81IPlAyyvNq0ZoTPpwXds2aXbfGwH+TGpqi6ZrPjh/TNIRIUU6k7NpWonoZEYpRDnnVSSUkhA5JH7qaRiQE2cvGW+R4Xys+DmKhX6TwWP3ZyEgo5Sj0dLI4U/72CnGe101VcNbLWJSkCiI6+ShIOVYxLobFPhNAFR9pQqhg+lZMB0SPqvT81f+N0Dqun9ft25Na42q6RgXtoj10gGx0ihroBjVRC1H0iF7RO/ownow349P4mkRLxrSzg2ZQKn8D3sK0WQ==</latexit><latexit sha1_base64="7n+v0bxDzP981xJex6SJWuekkzU=">AAACSnicjVA9S8NAGL7UqrV+RR1dDosgiCURQR2EqotjBWsLTQmXy5v26OWDu4tQQv6fi4ubf8LFQcXFS9vBSgUfOHh4PriXx0s4k8qyXozSQnlxabmyUl1dW9/YNLe272WcCgotGvNYdDwigbMIWoopDp1EAAk9Dm1veF347QcQksXRnRol0AtJP2IBo0RpyTU9rHGJL7ATCEIzR5HUdUKiBiLMBJOQH81IPlAyyvNq0ZoTPpwXds2aXbfGwH+TGpqi6ZrPjh/TNIRIUU6k7NpWonoZEYpRDnnVSSUkhA5JH7qaRiQE2cvGW+R4Xys+DmKhX6TwWP3ZyEgo5Sj0dLI4U/72CnGe101VcNbLWJSkCiI6+ShIOVYxLobFPhNAFR9pQqhg+lZMB0SPqvT81f+N0Dqun9ft25Na42q6RgXtoj10gGx0ihroBjVRC1H0iF7RO/ownow349P4mkRLxrSzg2ZQKn8D3sK0WQ==</latexit><latexit sha1_base64="7n+v0bxDzP981xJex6SJWuekkzU=">AAACSnicjVA9S8NAGL7UqrV+RR1dDosgiCURQR2EqotjBWsLTQmXy5v26OWDu4tQQv6fi4ubf8LFQcXFS9vBSgUfOHh4PriXx0s4k8qyXozSQnlxabmyUl1dW9/YNLe272WcCgotGvNYdDwigbMIWoopDp1EAAk9Dm1veF347QcQksXRnRol0AtJP2IBo0RpyTU9rHGJL7ATCEIzR5HUdUKiBiLMBJOQH81IPlAyyvNq0ZoTPpwXds2aXbfGwH+TGpqi6ZrPjh/TNIRIUU6k7NpWonoZEYpRDnnVSSUkhA5JH7qaRiQE2cvGW+R4Xys+DmKhX6TwWP3ZyEgo5Sj0dLI4U/72CnGe101VcNbLWJSkCiI6+ShIOVYxLobFPhNAFR9pQqhg+lZMB0SPqvT81f+N0Dqun9ft25Na42q6RgXtoj10gGx0ihroBjVRC1H0iF7RO/ownow349P4mkRLxrSzg2ZQKn8D3sK0WQ==</latexit>

P R E L I M I N A RY



G A M M A - R AY  O PA C I T Y  D U E  PA I R  
P R O D U C T I O N  W I T H  B L R  P H O T O N S

!17[Model adapted from Finke 2016]



E N E R G Y  D E P E N D E N T  O R B I TA L  L I G H T  
C U R V E S

!18

• Light curves only shown if at 
least 2 bayesian blocks per 
energy bin detected 

• Time delay searched with 
ZDCF method  
[Alexander 1997, 2013] 

• Positive and negative time 
lags are found, peak width 
of ZDCF consistent with 
zero lag



R E S U LT S  F O R  S E A R C H  F O R  G A M M A - R AY  
R A D I O  C O R R E L AT I O N
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C A L C U L AT I N G  T H E  C O O L I N G  T I M E  F O R  
E X T E R N A L  C O M P T O N  S C AT T E R I N G

!20

t
cool,BLR/dt =

1 + z

�D

3mec2

4c�
T

u0
BLR/dt�

0
BLR/dt

<latexit sha1_base64="UZ9WUwqNabA8tmqTQPxrCVkgGc4="></latexit><latexit sha1_base64="UZ9WUwqNabA8tmqTQPxrCVkgGc4="></latexit><latexit sha1_base64="UZ9WUwqNabA8tmqTQPxrCVkgGc4="></latexit><latexit sha1_base64="UZ9WUwqNabA8tmqTQPxrCVkgGc4="></latexit>

�0
BLR/dt =

1

�
D

s
✏obss (1 + z)

2✏
BLR/dt,0

,
<latexit sha1_base64="wRPGgRmA+IIB2SBbceavEqvYyLg="></latexit><latexit sha1_base64="wRPGgRmA+IIB2SBbceavEqvYyLg="></latexit><latexit sha1_base64="wRPGgRmA+IIB2SBbceavEqvYyLg="></latexit><latexit sha1_base64="wRPGgRmA+IIB2SBbceavEqvYyLg="></latexit>

u0
BLR/dt,ring =

4

3
�2uBLR/dt,ring

<latexit sha1_base64="MhorhBrDQ1Whfl2S+eJeFNimW9M=">AAACNXicjVDNSgMxGMzWv1r/qh69BIvoQWpbC+pBKPWgB4Uq1ha6tWTTbBuaZJckK5Rln8qLz+GtFw8qXn0Fs+0eVCo4EBhm5uP7Mo7PqNKFwshKzczOzS+kFzNLyyura9n1jTvlBRKTOvaYJ5sOUoRRQeqaakaaviSIO4w0nMFZ7DceiFTUE7d66JM2Rz1BXYqRNlInewUTBLsdmyPdlzysXt4cdPW+pKIXwVNouxLhsByFh5F9jjhH9yUYTA1nOtlcMV8YA/5NciBBrZN9trseDjgRGjOkVKtY8HU7RFJTzEiUsQNFfIQHqEdahgrEiWqH429HcMcoXeh60jyh4Vj9PhEirtSQOyYZH6t+e7E4zWsF2j1uh1T4gSYCTxa5AYPag3GHsEslwZoNDUFYUnMrxH1kWtKm6X+WUC/lT/LF63KuUk3aSIMtsA32QBEcgQq4ADVQBxg8ghF4BW/Wk/VivVsfk2jKSmY2wQ9Yn1/T7KlY</latexit><latexit sha1_base64="MhorhBrDQ1Whfl2S+eJeFNimW9M=">AAACNXicjVDNSgMxGMzWv1r/qh69BIvoQWpbC+pBKPWgB4Uq1ha6tWTTbBuaZJckK5Rln8qLz+GtFw8qXn0Fs+0eVCo4EBhm5uP7Mo7PqNKFwshKzczOzS+kFzNLyyura9n1jTvlBRKTOvaYJ5sOUoRRQeqaakaaviSIO4w0nMFZ7DceiFTUE7d66JM2Rz1BXYqRNlInewUTBLsdmyPdlzysXt4cdPW+pKIXwVNouxLhsByFh5F9jjhH9yUYTA1nOtlcMV8YA/5NciBBrZN9trseDjgRGjOkVKtY8HU7RFJTzEiUsQNFfIQHqEdahgrEiWqH429HcMcoXeh60jyh4Vj9PhEirtSQOyYZH6t+e7E4zWsF2j1uh1T4gSYCTxa5AYPag3GHsEslwZoNDUFYUnMrxH1kWtKm6X+WUC/lT/LF63KuUk3aSIMtsA32QBEcgQq4ADVQBxg8ghF4BW/Wk/VivVsfk2jKSmY2wQ9Yn1/T7KlY</latexit><latexit sha1_base64="MhorhBrDQ1Whfl2S+eJeFNimW9M=">AAACNXicjVDNSgMxGMzWv1r/qh69BIvoQWpbC+pBKPWgB4Uq1ha6tWTTbBuaZJckK5Rln8qLz+GtFw8qXn0Fs+0eVCo4EBhm5uP7Mo7PqNKFwshKzczOzS+kFzNLyyura9n1jTvlBRKTOvaYJ5sOUoRRQeqaakaaviSIO4w0nMFZ7DceiFTUE7d66JM2Rz1BXYqRNlInewUTBLsdmyPdlzysXt4cdPW+pKIXwVNouxLhsByFh5F9jjhH9yUYTA1nOtlcMV8YA/5NciBBrZN9trseDjgRGjOkVKtY8HU7RFJTzEiUsQNFfIQHqEdahgrEiWqH429HcMcoXeh60jyh4Vj9PhEirtSQOyYZH6t+e7E4zWsF2j1uh1T4gSYCTxa5AYPag3GHsEslwZoNDUFYUnMrxH1kWtKm6X+WUC/lT/LF63KuUk3aSIMtsA32QBEcgQq4ADVQBxg8ghF4BW/Wk/VivVsfk2jKSmY2wQ9Yn1/T7KlY</latexit><latexit sha1_base64="MhorhBrDQ1Whfl2S+eJeFNimW9M=">AAACNXicjVDNSgMxGMzWv1r/qh69BIvoQWpbC+pBKPWgB4Uq1ha6tWTTbBuaZJckK5Rln8qLz+GtFw8qXn0Fs+0eVCo4EBhm5uP7Mo7PqNKFwshKzczOzS+kFzNLyyura9n1jTvlBRKTOvaYJ5sOUoRRQeqaakaaviSIO4w0nMFZ7DceiFTUE7d66JM2Rz1BXYqRNlInewUTBLsdmyPdlzysXt4cdPW+pKIXwVNouxLhsByFh5F9jjhH9yUYTA1nOtlcMV8YA/5NciBBrZN9trseDjgRGjOkVKtY8HU7RFJTzEiUsQNFfIQHqEdahgrEiWqH429HcMcoXeh60jyh4Vj9PhEirtSQOyYZH6t+e7E4zWsF2j1uh1T4gSYCTxa5AYPag3GHsEslwZoNDUFYUnMrxH1kWtKm6X+WUC/lT/LF63KuUk3aSIMtsA32QBEcgQq4ADVQBxg8ghF4BW/Wk/VivVsfk2jKSmY2wQ9Yn1/T7KlY</latexit>

uBLR/dt,ring =
⇠liLdisk

4⇡c(R2
li + r2)

<latexit sha1_base64="j62SQ8nAiAwpLDklA2sSLGBvuIA="></latexit><latexit sha1_base64="j62SQ8nAiAwpLDklA2sSLGBvuIA="></latexit><latexit sha1_base64="j62SQ8nAiAwpLDklA2sSLGBvuIA="></latexit><latexit sha1_base64="j62SQ8nAiAwpLDklA2sSLGBvuIA="></latexit>

[E.g., Dermer & Schlickeiser 2002; 
Dermer & Menon 2009; Finke 2016]
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R E S U LT S  F O R  S E A R C H  F O R  
A B S O R P T I O N
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