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Time delay measurements from
LSST spectra and their application
for cosmology

Other collaborators:

New person on board:
Vikram Jaiswal, Raj Prince,
Swayamtrupta Panda, Francisco Pozo

Amit Kumar Mandal (pOStdOC) Nunez, Ashwani Pandey, Mohammad
Naddaf, Shulei Cao, Michal Zajacek,
Center for Theoretical Physics Bharat Ratra
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Basic facts on active galactic nuclei
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(after Urry and Padovani (1995)
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Reverberation mapping - light echo
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THIS OPENS THE WAY TO MEASURE THE DISTANCE !
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Reverberation mapping - light echo
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Light echo studies of emission lines

Cosmological constraints
from our recent paper(Cao
et al. 2024) based on
collection of Mg Il and CIV
delays from literature
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Light echo studies with LSST

LSST willbring about 10 [We 4S8 the predicions ofthe e confarination s aliters:
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We developed a software to
simulate the predictions of
the emission lines time
delay with both options.

0.0

3000 4000 5000 6000 7000 8000 9000 10000 11000

A observed

Czerny et al. 2023)

Bozena Czerny Rubin-LSST Polska 2024 Warsaw



Light echo studies of continuum

The method works basically as before
but now we use different parts of
accretion disk emission. Delay is

again related to the monochromatic

luminosity (in principle). The method
was proposed in 1989 but it did not

work.

We also collaborate with the group from
Belgrade (see Kovacevic¢ et al. 2022) and
Heidelberg (see Pozo Nunez et al. 2023) on
this issue.
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Light echo studies of continuum

We repeated the simulation presented in Pozo Nunez et al. 2023 for one of the actual
cadences proposed for LSST instead of assuming roughly uniform sampling.
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First succesful determination of HO
from the continuum echo

In the meantime we attemped to use much better time delay measurements available for NGC
5548 from SWIFT and ground-based very dense monitoring. We used the published time
delays as well as the mean spectrum.

Model elements:

® BLR geometrical
shape
® BLR spectral shape

Height[Rg]
Value

0 2000 0.00F
Radius[Rg] 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

MA]

Those elements went into the reprocessing code predicting the spectrum and the time

delays. We used arbitrary accretion rate, so we did not relay on the knowledge of the

distance to the source, when fitting the observed spectrum.
—
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HO from the continuum echo

Delay[days]

FaAlx10 Mergs—lcm-2A-1]

v T I I T I I L
—e— Disk+BLR(23%) |
. —8— Disk :
-1r —4— Fausnaugh+16 -
o b e b e 1]
1000 2000 3000 4000 5000 6000 7000 8000 9000
AA]
I T \'| T T : ‘M;h&péJ;+1g‘l T T
- * no color corrected disk
4+ " » no color corrected disk+starlight .
+ no color corrected disk+starlight+emission line 4
. . .
. o %
3 . . a
H .t .
- %‘ ; . o o 2
i i 3 + :
2k ¢ ﬂ%l . ©
i S c; ;. ]
L L R & .
ALY W R N
1k ;—h~_ 5““’3‘% . & |
i \\\§.~.---;
[ L il PR R P (IS S SRTES S S SUN I SRI [ AU R S
1000 2000 3000 4000 5000 6000 7000
AA]

Bozena Czerny

Hp = 69.03

19

18

16

15

14

+17.81
-11.75

Rubin-LSST Polska 2024

m

b e e e e

= ¢

===

B0 90
Luminosity Distance[Mpc]

~
o
u
=]
(=)}
=]
S
o

km s™! Mpc™!

Warsaw



How to apply this method to
LSST ?

Well, we do not know yet. We may
need to select sources at redshifts

which give coverage of the Balmer
edge...

Thank you
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