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~ MPC scale:



Joshi & Chand  et al. 2013,  MNRAS 



❖ Being extended  for steep spectrum source now [Kumar et al. in prep.]
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Ly⍺ forest:

❖ Ly⍺ optical 
depth 
evolves with 
redshift.

❖ Gunn- 
peterson  
trough at 
high-z

❖ Almost no 
absorption at 
low redshift.

❖ Proximity 
effect, due to 
Quasar’s 
ionisations 

DLA

Hee-Won Lee
Black Holes With Revelations - WordPress.com

https://blackholeswithrevelations.wordpress.com/2013/09/19/stfcastro-lyman-alpha-forest/


Experiment: HI density 
Radiation field around 
QSOs

△z < 0.5

Foreground 
quasar

Background 
quasar

z>2.5

BAL
DLA
Sub-DLA

θ<=1.5’

v> 2000 km/s

Lyβ

Lyα

Lyα

Background 
proximity

Foreground 
proximity

Foreground proximity in transverse

3 million quasars

z> 2.5 ;83661 quasars

θ<=1.5’
△z < 0.5 ;380 pairs

△v > 2000 km/s ;182 
quasar pairs

1 zero flux quasar
181 quasar pairs

No BAL. DLA, Associated 
absorber ;237 pairs

Correct redshift 
;207 quasar pairs









Degeneracy between Ionization and overdensity

For high resolution spectra fτ(ωr) = ωr,

So the ratio of
τprox(1+ωr) /  τIGM ⇒  overdensity

UVB⇒ Khaire and Srianand 2015,2019



Simulations to get the scaling factor fτ(ωr) at SDSS resolution

Jalan, Chand & Srianand, 2019, ApJ, 884, 151J 



Transverse: No-quasar’s radiation  &       Longitudinal: Quasar’s radiation
Jalan, Chand & Srianand, 2019, ApJ, 884, 151J 



Transverse: No-quasar’s radiation  &       Longitudinal: Quasar’s radiation
Jalan, Chand & Srianand, 2019, ApJ, 884, 151J 

❖ ⇒  <27% Illumination in Transverse direction at 
99% confidence level

❖ CIV width imply that most of foreground quasars 
are Type-1 AGN (perhaps selection bias in SDSS). 

❖ ⇒ Evidence of dusty torus.
❖ NEW SAMPLE WITH DESI and SALT!!!
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Mishra et al 2021, MNRAS



      

21Mishra et al 2021, MNRAS, accepted 

    Using w1, w2, and w3 



      

22Mishra et al 2021, MNRAS, accepted 
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Mishra et al 2021, MNRAS,504,3187



Appearing BAL VERSES      Disappearing BAL
Mishra et al 2021, MNRAS in press
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RM provides the scaling of luminosity and 
the BLR size (R-L) relation.

Photometric reverberation mapping, a 
cost effective and efficient way for RM 
with limited objectives.

The low luminosity end of the RL relation, 
are these AGN different? 

This project  aims to study the low 
luminosity AGN with H-alpha and/or 
H-beta emission line RM

1.3m and 3.6m telescopes at Devasthal 
perfectly suited for such projects.

Quite challenging, 
out of 700,000+ AGN 
only ~120 studied 
using this 
technique!!

PRM < 10 so far



      

PRM requires narrow band filters, tuned to specific wavelengths (highly customized). 
Very precise filters required: costly but save a lot of observing time.

8 narrow band filters purchased: ( Rs. 23,14,491 total cost)  [ July 2018!!!]

 512, 522,532 nm for catching the H-beta flux at a rest frame of 4861A 
692,702,712,722,732 nm for catching the H-alpha flux at 6562.8A

Continuum using the broad band B and V band filters.

Very important asset 
for Devasthal 
observatory.
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Higher ionisation line respond more rapidly
   ⇒  ionisation stratification



      

Continuum reverberation mapping using
Thai Robotic Telescopes (TRT) operated by NARIT, 
Thailand.

Data for 5 AGN collected, analysis is in process.

- Sierra Remote observatory, 
USA.

- GMGO, China.
- Springbrook Observatory, 

Australia

3 Robotic telescopes ~ 0.7m aperture.

Collaborative observations with NARIT, Thailand



      

Getting time at the telescopes has been challenging

Telescope Cycle Time allotted

1.3m DFOT 2018B,2019A, 2019B, 
2020A, 2020B

~40 nights 
(total+partial)

1.04m ST 2019A, 
2019B,2020A,2020B

~10 nights

0.7m NARIT 7C, 7D, 8C 270 (90*3) hours

0.8m Xinglong 
telescope

2019-20 25 partial nights

IIA GROWTH and 1.3m Continued … …..

A large scale RM campaign could not be successfully executed due to irregular 
time allocation and bad weather in 2018-19.

 Now also continuing programme with IIA 1.3m, Thanks to Director ARIES and IIA to allow sharing  the resources.



33

Origin of proposal

CUHP interest:

● Started Astronomy and space
science at UG and PG level along with vibrant 
research programs for master and PhD thesis.

ISRO interest:

● 1-meter telescope in Himachal at latitude 
>30 degree will be very
helpful for the detection and follow-up of 
space debris

Signing MoU between ISRO and CUHP on 8th April 2022 for “Astronomy & Astrophysics and Space Situational 
Awareness”. 
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Site characterization for 1m-telescope at CUHP Dharamshala

 

LAT: 32°10'21"N 

LOG: 76°25'37"E 

Altitute: 1752m



  Site with median seeing 1-arcsec

35

● One this telescope setup, it an be a first ever attempt for a 
dedicated emission line RM campaign in this country.
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        Narrow-line Seyfert 1 
      galaxies  (NLSy1s) are the 

special class of
  lower-luminosity AGNs 

defined by :
        (i) Balmer emission line 

FWHM(Hβ)< 2000 km s-1  
(ii) flux ratio of [OIII]

λ5007
/Hβ < 3 and  

        (iii) having strong 
permitted optical/UV FeII 
emission line in their  
spectrum.

 NLSy1 galaxy  detected in X-ray and gamma rays: where from X-ray emission comes?

       Image taken from Camastri et al. 2001, A&A,365,400.

     An optical spectrum of Narrow-line Seyfert 1 galaxy, J22423934+2943312

37



(i) For the NLSy1s we have used recently a large catalog of 11101 NLSy1s given by Rakshit et 
al. (2017), along with, a control sample of broad-line Seyfert 1 (BLSy1) galaxies.

(ii) The average count rate of the source should be greater than 3 times to its background

        average count rate (i.e. 3σ detection).

Sample Selection:

38

   A comparison of X-ray photon indices among the narrow and broad-line Seyfert 1 galaxies   



Comparison of soft X-ray photon indices (ГS
X
) and Eddington ratios (R

Edd
) between the samples of  NLSy1s and BLSy1s 

Comparison 
of ГS

X
- R

Edd
 

correlation 
between the 
samples of  
NLSy1s and 
BLSy1s 
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  A comparison of X-ray photon indices among the narrow and broad-line Seyfert 1 galaxies   



Comparison of hard X-ray photon indices (Гh
X
) and Eddington ratios (R

Edd
) between the samples of  NLSy1s and BLSy1s 

Comparison 
of Гh

X
- R

Edd
 

correlation 
between the 
samples of  
NLSy1s and 
BLSy1s 
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  A comparison of X-ray photon indices among the narrow and broad-line Seyfert 1 galaxies   



➢ We found the existence of bimodality in the  Γ
x
 , R

Edd
 distributions among NLSy1 and 

BLSy1 galaxies, with steeper Γ
x
  for the NLSy1s.

➢ We found a strong positive correlation between Γ
x
 and log(R

Edd
) in soft and hard X-ray 

energy bands for both the samples of NLSy1 and BLSy1 galaxies.
   

➢ The Γ
x
- log(R

Edd
) correlation found in the samples of NLSy1 and BLSy1 galaxies is 

intrinsic and independent of soft X-ray excess, inclination effect, and bolometric 
luminosity.

 

➢ Our intrinsic Γ
x
- log(R

Edd
) correlation found for both the samples of NLSy1 and BLSy1 

galaxies is found to be consistent with the theoretical prediction of the disc-corona 
system as proposed for the case of luminous AGNs.

Results and conclusion:  Ojha & Chand et al. 2020, ApJ, 896, 95

41

  A comparison of X-ray photon indices among the narrow and broad-line Seyfert 1 galaxies   



single epoch spectrum: multiple physical parameters

● FWHM/EW/Area of the emission lines.

● Luminosity of the AGN.

● FeII strength.

● Black hole mass (single epoch mass 
estimation technique).

● Eddington ratio.

● Emission line asymmetries.

● Size of BLR using R-L relationship.

Related to the Broad 
Line region 

Combined with multi-wavelength 
observational data, potentially robust 
method for generating BLR models

Statistical Approach to constraint BLR model



Sources are available in X ray 
ROSAT and XMM- Newton 
database as well. 
(Ojha et al, ApJ, 2021)

The Sample

Limited to z=0.8 due to SDSS 
H-beta detection limit.

Mostly Seyfert-1s, low 
luminosity end of AGN. 

An assumption to be  tested is that the Nlsy1 are a 
subclass of Blsy1. Thus, the emission line parameters 
must be correlated.

AGN spectral properties don’t 
change much with redshift.

Around 400 total AGN

DR 16 
spectrum used



44Jha et al. 2022,  MNRAS (arxiv:2112.09150)

Asymmetric Hβ emission profiles



Fitting details here.
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GrayWhite

Jha et al. 2022,  MNRAS (arxiv:2112.09150)

- NLSy1 galaxies:

- Low SMBH mass

- Higher accretion rates

- High R-fe

- Higher X-ray Photon indices

- 3 time  more likely to show 
blue asymmetries

Distribution of parameters



NLSy1 compared with BLSy1 galaxies

Jha et al. 2022,  MNRAS (arxiv:2112.09150)

How Asymmetry Index (AI) correlates 
with other parameters?

Surrogate for FWHM in the 
4DE1 formalism, but slight 
correlation.

- No significant 
correlations/anticorrelations 
observed with other 
parameters



Principal Component Analysis (PCA)

Jha et al. 2022,  MNRAS (arxiv:2112.09150)

Dimensionality reduction algorithm.

Only a few principal components can 
describe the data (Eigenvectors).

The 4DE1 formalism obtained by 
Boroson and Greene, 1992. Known as 
the “Quasar Main Sequence”.

EV1 similar for both the types of galaxies but EV2 
significantly different!

NLSy1 galaxies may not be a subclass of BLSy1 galaxies
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Shakura Sunyaev (SS) disk model. 4/3 scaling.

Black body assumption

Multi band monitoring: correlated lags

Extent of the disk

Inter band lags

Gardner and Done, 2017, MNRAS

The lamp post reprocessing: 

β=4/3 for SS disk



AGN STORM (2015) 

Fausnaugh et al. 2016

6 month of synchronous 
observations: NGC 5548
(De Rosa et al, 2015
Fausnaugh et al, 2016 etc.
13+ papers so far.)

Simultaneous Disk RM

Disk size follows 4/3 scaling but, 
Lags 3x larger than predicted!

AGN STORM II (2020-ongoing): MRK 817 
(Kara et al. 2021)

MRK 509 using SWIFT. (Edelson et 
al. 2019) and a few others



Good cadence for upto 3 years 
(2018-2021) very unique!

RL relation for the disk??

Accretion disk sizes scaling with BH 
masses ?

An all sky survey covering wide range of 
AGN population (unlike SDSS-RM or 
OzDES)

Difference in accretion mechanism between 
low and high luminosity AGN

ZTF survey

Is g-r lag shorter than g-i lag?

Entire reverberation mapped AGN collection ~120 AGN



Reverberation lags using ICCF/ JAVELIN methods.

19 objects with reliable lag estimate.

Shorter g-r lags as compared to g-i 
lags in most of the cases.

Lag estimation: 
- JAVELIN
- ICCF

Jha et al. 2023,  MNRAS (arxiv:2109.05036)



- Size of the accretion disk is larger 
than expected from the standard SS 
disk model.

-  Fitting  SS disk model using JAVELIN 
package (on light curve), reveals the 
disk sizes to be about 4 times larger 
than the prediction of the theoretical 

- For further understanding, we 
continue to monitor the sample of 
SEAMBH AGN using GROWTH 
telescope. 

- Facility like planned 
1m-telescope at CUHP can run 
such long term project.

Comparison with the Shakura Sunyaev disk prediction



Long term flux and colour variability of blazars

Motivation:

● Searching for any universality in blazars colour behaviour: ‘Bluer when brighter (BWB)’ 
or ‘Redder when brighter (RWB)’ trends seen.

● Understanding the origin of the colour variability. 

Caveats and Challenges:

● Targeted observations: time expensive, requires (quasi) simultaneous observations.
● Biased towards brighter objects.

Large and unbiased samples required for checking universality in the colour behaviour.



Sample Selection:
Catalog Used: ROMA BZCAT, 1333 BL Lacs, 1909 
FSRQs,  109 host galaxy dominated.
Light Curves data set : Zwicky Transient Facility.

Selection criteria:
● >= 10 quasi-simultaneous (30 min) data-points.
● Poor quality data excluded.

Final Sample:
BL Lacs 455 (109 being host galaxy dominated).
FSRQs  442. 
An order of magnitude larger than previous samples.



● Correlation coefficient ρ ≥ 0.5 and pnull < 0.05 , BWB; ρ ≤ − 0.5 and pnull < 0.05, RWB.

Variability Amplitude:

● BL Lacs found to be more variable than 
FSRQs with Ψmedian 0.47 and 0.30 mags.

● Excess variability in BL Lacs: larger 
contribution of the jet.

Colour Variability: 

● Bootstrapped Pearson correlation 
coefficient used to find robust BWB or 
RWB trends.

Analysis and Results:



Trend Strong 
| ρ | ≥ 0.5 & p_null <0.05

Weak 
| ρ | ≥ 0.2 & p_null <0.10 

Partial
| ρ | ≥ 0.5 & p_null < 0.05

BWB BL Lacs 84(10) 135(11) 54(1)

RWB BL Lacs 41(29) 66(46) 72(21)

BWB FSRQs 45 81 29

RWB FSRQs 78 118 120

Results of the final sample of BL Lacs and FSRQs showing BWB and RWB trend:

*Numbers in bracket show the host galaxy dominated targets.



Dependence of colour behaviour on blazar state:

● BL Lacs showing BWB behaviour 
tend to show Ψ as compared to 
those exhibiting RWB trends.

● Median magnitude for FSRQs 
with BWB trends is smaller than 
the ones following RWB trends.

● Brighter FSRQs, likely to be in 
more active states, follow a BWB 
trend, whereas the fainter ones 
follow an RWB trend.



Results:
● Sample Size:   897 blazars,         Duration:  as large as 2 years, 

● Results FSRQs:
○ Only 45/442 systems showed a BWB 

trend.
○ 78 evinced a RWB trend ⇒  strong 

contributions from the accretion disc. 
○ RWB FSRQs are found to be fainter in 

magnitudes as compared to the BWB 
FSRQs.

● Results BL Lacs:
○ 84/455 BL Lacs showed a BWB trend
○ 41/455 showed a  RWB trend, with 71 

%  being host galaxy dominated. 
○ Extremely variable BL Lacs are most 

likely to show the BWB trend ⇒ 
shock-in-jet model, electrons 
accelerated to high energies make high 
energy bands more variable.

● Multiple partial trends: transitions between jet-dominated and disc-dominated states.

Negi et al 2022 MNRAS 510, 1791-1800
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