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Active Galactic Nuclei (AGN)
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● Luminous and compact objects at the 
center of galaxies.

● Powered by a Supermassive Black hole 
(SMBH)

● Mass in the range of MBH = 108 - 109 M
☉

● Thousand times more luminous than Milky 
way galaxy and emits entire energy in a 
region approx the size of solar system 

R. A. Perley and K. Meisenheimerhttps://chandra.harvard.edu/photo/

https://pages.astronomy.ua.edu/keel/agn/3c273.html



Observed Properties of AGN
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★ Star like objects identified 
with radio sources

Bahcall et al. 1995

➢ Strong and broad optical/UV emission lines.

S. Fernandes et al. 2020

❖ Emission over a very broad band.
❖ Highly variable

S. Fernandes et al. 2020
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★ AGN variabilities are considered to be aperiodic or stochastic in nature but there 
are recent claims of quasi periodicities in AGN light curves.

7

Variability in AGN Emissions:

★ Compact sizes and large distances limits our ability to study the 
physical processes in its inner regions.

★ Indirect methods are required to probe the inner regions.

★ One ubiquitous property of AGN is: 

Variability 
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QPO detections
● First robust Qpo in AGN is 

detected in Xray is reported in  
Gierliński et al. 2008 having a 
1 hr period.

● Optical QPO is reported by 
Smith et al. 2018 having a 44 
day period and BH mass of 
108 M

☉

● A  4.6 h  xray QPO in BL-LAC 
have been reported in 
Lachowicz  et al. 2009

● A 120-150 day QPO is 
Blazar at 15 GHz radio 
band reported in King et 
al 2013.

● A 2 year gamma ray 
QPO in has been 
reported in Ackermann et 
al. 2015

● A 317 day period is detected in 
gamma ray light curves of BL-Lac 
reported in Sandrinelli et al. 2014

● A 5 year optical QPO of a quasar 
is reported in  Graham et al. 2015 

● A 1.8 hr x-ray 
periodicity in NLSY! 
galaxy is reported in 
Zhang et al. 2018

● A 400 and 800 day periodicity is 
observed in optical light curve of 
blazar reported in Bhatta et al. 2016



Initial Sample:

9

● Studies for flux variability are sparse 
for the Black Holes that fills a huge 
mass gap between Stellar mass and 
Supermassive Black Holes, also 
known as Intermediate mass Black 
Holes (IMBH) with 

● One such attempt is done by 
Gopal-krishna et al. 2022, where 
they have studied rapid variabilities 
in optical band called Intra-Night 
Optical Variability (INOV) and has 
found blazar like INOV.

No. of Sources 12

Z < 0.1

MBH 105.5 - 106.5 M
☉

Median mass 106 M
☉ None exceeding 
2 x 106 M

☉
 

R5GHz <10

INOV 8 out of 12 sources

Ψ (Variability 
Amplitude)

> 3
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ANALYSIS

Lomb-Scargle Periodogram

Weighted Wavelet Z transform

● Modified version of Classical periodogram

● Suitable for Unevenly sampled data

● Suitable for detecting transient fluctuation 

● Localise waves in both time and frequency space
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➢ Statistical Significance:
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○ AGNs exhibit red noise type variability feature which can mimic the actual QPO signal.

○ We generated artificial light curves with the same power spectral density slope of 
original light curve using DELightcurveSimulation code. 

○ The artificial light curves had the same variance and sampling as the data. We 
used 1000 artificial light curves to establish the mean and standard deviation of 
the PSD at each point in the period/time plane for the artificial data.
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SDSS DR16, VLA A-array X band 9 GHz and VLBA 1.5 GHz image from left to right

● Flat spectral index (-0.26 at 9 GHz)
● The radio emission in these sources at the compact sub-pc to pc scales may 

originate from corona mass ejection or winds from the accretion disk as indicated 
by the relative strength of the radio luminosity in comparison with the X-ray 
luminosity, a regime similar to that in coronal active stars.

Radio Observation:

Yang et al 2022



Extended Sample:
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204 low mass AGNs are compiled by He-Yang Liu et al 2018 from SDSS DR7 and 309 such 
AGNs are compiled by Dong et al 2012, from SDSS DR4 totalling of 513 sources.



Out of 513 sources: 
No Periodicity: 122 sources
Signal: 228 sources

Total detected sources having periodicity: 228

Single peak observed: 165 Double peaks observed: 42 Triple peaks observed: 21

Peaks in full 
mjd range: 113

Peaks in partial 
mjd range: 52

Peaks in full 
mjd range: 11

Peaks in partial 
mjd range: 7

1 full peak and 
1 partial peak: 
24

Peaks in full 
mjd range: 0

Peaks in 
partial mjd 
range: 2

1 full and 2 
partial peaks: 3

2 full and 1 
partial peaks: 16



204 sources from DR7 309 sources from DR4
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Characterisation Site 
and Instruments
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Future Plans:
➔ Correlation between QPO frequency and mass of BH has been observed for high 

frequency QPOs. To classify observed QPO and to check the correlation to constrain 
Black hole mass. 

➔ In general for radio quiet AGNs QPO is linked to have its origin in accretion disks but the 
presence of Blazar like INOV  indicates to have its origin in jets.

➔ For Jet scenario QPO signals are most likely to originate from the precession of high 
Lorentz factor jets,  or the movement of a plasma blob along a helical jet structure.

➔ To Explore different models to explain the observed frequency ratio.



Atmospheric Seeing:
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https://home.ifa.hawaii.edu/users/meech/a281/handouts/seeing.pdf

http://salzgeber.at/astro/moon/seeing.html

This is a gif "movie" made of 8 individual frames taken from a video of 
the Lunar crater Clavius. It shows the effect of our Earth´s atmosphere 
on astronomical images. Camera: Sony CCD-TR2200E Pal. Telescope: 
Vixen 130mm f/5.

● Ground-based astronomy is severely limited by 
the atmospheric optical turbulence, often called 
seeing.

● Degradation of the image of an astronomical 
object due to turbulence in the atmosphere of 
Earth that may become visible as blurring, 
twinkling, instantaneous image broadening, 
and the "image motion" or erratic 
displacement of the image.

https://en.wikipedia.org/wiki/Real_image


Seeing Measurements:
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● Image degradation produced by atmospheric turbulence is characterized by the so-called  
parameter also called Fried parameter. D. L. FRIED 1966

● This      can be imagined as the telescope diameter that would produce a diffraction spot of the 
same size as that produced by the atmospheric turbulence on a point source.

● The traditional way to characterize image degradation in astronomy is to measure the full 
width at half-maximum intensity            of a star at the focus of a telescope.

● This parameter can be measured from the image motion in a small telescope.
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Seeing Measurements contd. :
● The DIMM (Differential Image Motion Monitor) principle is to produce twin images of a star, with 

the same telescope via two entrance pupils of diameter D separated by a distance d. 

● This approach has a practical advantage of being insensitive to shake and tracking error.

● The Fried parameter is estimated from the variance of the differential image motion 
using the equation derived by M. Sarazin and F. Roddier 1989.



DIMM Setup:
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A. Tokovinin 2002
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Technical Specification:

Telescope Type 12” (30 cm)

Telescope diameter 304.8 mm

Telescope focal length 3048 mm

Twin Pupil Diameter 
(D)

60 mm

Distance between 
pupils (d)

242 mm

Prism Deviation angle 30 arcsec

CCD Resolution 1920 x 1200 px, 
2.3 MP

Script Settings:

Exposure Time 10 ms

Data Set 300 images (3 sec)

Wavelength of light 500 nm

Astronomical Night sun altitude < 12 
deg

Star Tracking Star altitude >49 
deg



● Seeing data of 90 nights has been observed with over 50,000 data points.

● Seeing data for single night
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Histogram and Cumulative Distribution function 

of the Seeing values observed using DIMM

50000 Seeing points in arcseconds are plotted from 

May 2023 - February 2024



28



29

MONTHS Temperature
(0C)

Humidity
(%)

Wind 
Speed
(m/sec)

Wind 
Direction

(0)

Rainfall
(mm)

March 12.5 45.35 1.6 166 2.86

April 16.8 34.80 1.6 145 2.05

May 20.0 30.90 1.6 36.40 2.72

June 22.2 54.20 1.1 60.86 4.61

July 21.6 75.60 1.1 95 5.58

August 22.2 80.50 0.8 NA 0.94

September 19.8 61.50 NA 292.5 0.00

October 17.7 49.60 0.5 140 0.02

November 14.3 47.20 NA 16 0.03

December 10.5 43.90 NA NA 0.00

Monthly Median Values of the respective sensors data. NA: Senors are not working for the particular period. Blue: 

Mean values for the respective month



- What is laminar flow?
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Write the scenario of the under developed jet
Introduce inverse mass scaling relation pic
Introduce ztf r band range
Download gif video
Introduce fundamental plane
Defend for the control sample
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Contact: himanshu4gya@gmail.com


