Redshift Evolution
of Lensing Galaxy Density Slopes

Via Cosmological independent Distance Ratios in the Era of LSST

Shuaibo Geng (National Centre for Nuclear Research)
Collaborators:

Margherita Grespan, Hareesh Thuruthipilly, Sreekanth Harikumar, J

Agnieszka Pollo, Marek Biesiada N c B J




Strong Gravitational lensing

Source




Strong Gravitational lensing

Source

-

Source Images on the lens plane:
* Source redshift z_s

* Spectrum

* Images’ separations

* Effective Einstein radius

* Flux

* Flux ratio between images

* Time-delays

\_ %

Lens:

* Lens redshift z_|

|+ Velocity dispersion (spatially-
resolved stellar kinematics)

J




Strong Gravitational lensing

Source

-

Source Images on the lens plane:
* Source redshift z_s

* Spectrum

* Images’' separations

* Effective Einstein radius

* Flux

* Flux ratio between images

* Time-delays

\_ %

Lens:

* Lens redshift z_|

|+ Velocity dispersion (spatially-
resolved stellar kinematics)

J




Strong Gravitational lensing
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Bulge-Halo conspiracy
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Cosmology from Strong lensing Populations

A\ Li+2024 4

| ..__\

II ~ : EI mn:;:\lwf B:C;M
4 ; - S 161 |enses
' gmme | N - . Jotal
= ‘ 1T/ c
I'L e / / I“'\I %
— 2 | | i _.:‘l .I‘I | U)
' . AN .\ . __ 4 Q
207 (g T 1 [\ . Qe
E | Y I.' "'. ."‘ \". )
o e &S [ e e e Luminous tracer
>

/_.« \ v
. . . - log radius
0.26p T T 1 /

som |.| - .\ | Extended Power-lawﬁModel
pr(r) = prr-
4

> \ .'l .'l '\. ." I",I l‘/ / I'tll * — e
st ] \\ SR I B /o p tot (?’ ) — )0 tot r K

f/ AY
T 1 4 - 1 I-/---‘.'\., 4 | II\I
. f/ \ [ [\ <

02 . I \. /.-" T /. 1 \ ) | \\‘\/ ‘ "\\ 3 ( ?") = ] — <

00 05 o -1 0 182 20 05 02 05 00 02 04
{r) oy (8)

)
) :

"‘MQ‘.“»M




Cosmology model-independent distance ratio
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Non-parametric Reconstruction

Geng+2024 (Submitted)
2000
|
P e—— |
1500/
1000
5007 DA from SNla
= DAfit + 10(ANN + SNIa)
0 —— DAfit + 10(GP + CC)
0.0 0.5 1.0 1.5 2.0

Z

2.5

Gaussian Process (GP)

Assuming both the available data and the points we
aim to reconstruct follow Gaussian distributions.
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Artificial Neural Network (ANN)
* 3-layer

* 20 neurons in each layer

* learning rate was set to 0.001



Single density slope constraints

Individual constraining
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Extended power-law density slope
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Redshift Evolution
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Results

Density slope

Consist well with Lensing+Dynamics works
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Linear Redshift Evolution Gaussian fitting

CPL-like Redshift Evolution Gaussian fitting

Linear Velocity Dispersion Evolution Gaussian fitting
Normalized Einstein Radius Evolution Gaussian fitting
L+D modeling (Etherington+2022)

Best-fitting Linear Redshift Evolution
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What do we expect from LSST?

Type Ia Supernova 2000
LSST : ~1,000 x100 SNIa up to z~1.2 _ e SN
LSST+Roman: up to z~3 é. 1500
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+Spectroscopy follow-ups
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Summary and Perspective

New cosmology-independent approach for reconstructing the distance ratios of SGL
systems to constrain the mass-density slope

Finding total mass density slope evolution follows y = 2.065(+0.046) — 0.20(£0.12) x z
Confirming the validity of Extended Power-Law (EPL) model at population level

Emphasizing the importance of large-scale optical surveys like LSST and spectroscopic

follow-ups.

Thank you for your attention! 1
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Cosmic Chronometers

t (Gyr) 4
(Gyr) spectroscopic
redshift
I ®,
o[ N\
2 R R N H) a 1 |dz
i Z)=—=————
I SR . a 1+ zdt
L _________J; _______ E""";L"".:"u"-. Jimenez & Loeb (2002) /
5 - : can be traced with
— = » Tomasetti et al. 2023 “chronometers”

D4000 = A(SFH. Z/Z) - age + B

dz
d D4000

1
H(z) = —mA(SFH, L]10))

18



	幻灯片编号 1
	Strong Gravitational lensing
	Strong Gravitational lensing
	Strong Gravitational lensing
	Strong Gravitational lensing
	Bulge-Halo conspiracy
	Cosmology from Strong lensing Populations
	Cosmology model-independent distance ratio
	Non-parametric Reconstruction 
	Single density slope constraints
	Extended power-law density slope
	Redshift Evolution 
	Results
	Results
	What do we expect from LSST?
	Summary and Perspective
	Back-up slides
	Cosmic Chronometers

