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Ground-based 

Atacama Desert, Chile, 5200 m

Operated from 2007 - 2022

Atacama Cosmology Telescope

6-m primary mirror: 5 x Planck angular res.

3000 detectors

30GHz - 220GHz

Image credit: Debra Kellner
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The ACT Collaboration
~160 collaborators at ~60 institutions
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ACT+Planck f150 T13°×7°
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ACT+Planck T
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Quasars
Galaxy clusters
Nearby galaxies
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ACT footprint

From Cristian Vargas

PRELIMINARY



ACT AGN Light curves

PRELIMINARY

Xiaoyi Ma, Adam Hincks, Sigurd Naess



Blazars

From Urry & Padovani 1995

● Doppler boosted 

● Emission across the entire 

spectrum

● Highly variable on 

timescales from minutes to 

years



Blazars

From Urry 1998

synchrotron ???



Origin of gamma-ray emission?

Leptonic 

IC scattering of soft photons by 
relativistic electrons

“synchrotron self-Comptonˮ

“external radiation Comptonˮ
- Accretion disk
- BLR
- Torus …

Hadronic 

Proton-synchrotron radiation

Photo-pion production
- Pion decay: pairs, high E 

photon, neutrinos



Leptonic 

IC scattering of soft photons by 
relativistic electrons

Hadronic 

Proton-synchrotron radiation/
Photo-pion production

correlated variability:
radio-UV + gamma-ray

un-correlated variability 
orphan flares?

Origin of gamma-ray emission?



Multiwavelength cross-correlation

Lightcurves:

● Gamma-ray : Fermi-LAT LCR

● Optical : ASASSN

Correlation between mm/optical/gamma-ray ?

Does this support leptonic/hadronic models?

Letʼs use our light curves to find out



Discrete correlation function 
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Discrete correlation function 
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Discrete correlation function 

etc…
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Discrete correlation function 
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Testing on simulations



Let’s use a real light curve

PKS 0208512



Let’s use a real light curve



Let’s use a real light curve

Get significance by cross-correlating 
uncorrelated simulated light curves



Using lcsim for simulations

PSD



Using lcsim for simulations
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Results: mm x optical 

Lag = ~ 30 days



Results: mm x gamma 

Lag = ~ 25 days



Results: optical x gamma 

Lag = ~ 3 days



Examples of other interesting light curves

PRELIMINARY



Thank you

● Measured correlation for PKS 0208512

● Refine analysis of time lag 

● Include more light curves from our sample

● Letʼs collaborate/chat !

📧  erika.hornecker@mail.utoronto.ca



Extra slides



AGN Schematic

From Marscher (2006)



Simons Observatory

● 3 Small Aperture Telescopes SAT

○ 93 GHz to 280 GHz

○ 0.5° resolution at 93 GHz

● 1 Large Aperture Telescope LAT

○ 27 GHz to 280 GHz

○ Arcminute resolution



Variability models

Jet geometry

Internal shock models

Synchrotron mirror model

From Raiteri et al. (2017)

From Oberholzer & Böttcher 2019

From Böttcher & Dermer 2010



Multiwavelength cross-correlation

Lightcurves:

● Gamma-ray : Fermi-LAT LCR

● Optical : ASASSN

Correlation between mm/optical/gamma-ray ?

Does this support leptonic/hadronic models?


