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e The HO tension is at 4+ sigma. N\ S

Early route

e Strong lensing time delays is an a Planck

b BBN+BAO

independent method for measuring HO. o UHAFAAS

d ACTPol+BAO
e SPT-SZ+BAO

e The impact of external convergence

Late route
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is a key issue in this approach.

L Masers

e There will be ~1000 strong lensing
time delay Systems in the era of LSST.

Is the assumption “constant external
convergence” accurate enough?



Mass Sheet Degeneracy

/
H8.6) = 2L ig(,B) e
) L_c_,"\__’_, kx(0) = Ak(8) + (1 — )
v : ] B=16—a(b)
Dat = (1 +Zd)D1;dIzS $(0,B) = [(9 _26)2 —IP@H F—=A8  A=1— Kex
Y del ® =
Hy o DK% Da; — DA)%) e o Q.. e ..O o o
Y del G £t
_ mode SR - &
HO I AHO ° @

https://arxiv.org/abs/astro-ph/0304497




Simulations

Lens Population:
- BCGs of galaxy groups from CosmoDC2[1] with zlens = 0.5 £0.01

- Lightcones from CosmoDC2 (20" X 20") ] Mean Kex
- SIE Model {VelDisp, Ellipticity, Orientation} 12 bl
10
Source Population: L 8-
- zsrc = 2.0 g

- Point Source

Number of Simulations:
- Kext:~400 Quads O ot ohs  olo o
-  L.0.S:~400 Quads Kest
- Kext is the median value of the effective convergence of the fully raytraced

convergence map, L.O.S includes all halos along the line of sight.

Mock catalog:
- {ximg[4], yimg[4], delays[4], mags[4]}
- ~800 such mock systems

[1] https://portal.nersc.gov/project/Isst/cosmoDC2/ README . .html



Lensing Ray-tracing through Lightcones
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Examples of Mock Lenses with L.O.S. Galaxies




Modeling Mock Lenses Using Lenstronomy

Lenstronomy: https://github.com/sibirrer/lenstronomy

Lens Models:

- Singular Elliptical Power Law + i - Parameter Prior
odel constraints
External Shear —
- xlens, ylens, b, e, gamma, lens_pa, Eultlpli.lmage pos. i?: DEC (arcsec) x&%lm,%%ll))
ux-ratios 1-2,1-3,1—-4 simy Y-
gamma_eXt_1' gamma_eXt_z Time delays Ati_21-3,1-4 (days) N (Atgim,0.01)
B )Iflsorc’ ysrc Model component
Lens, SEPL 0k (arcsec) 14(0.01,10)

L _ Lens, SEPL ~ U(1.7,2.3)
enstronomy: _ Lens, SEPL o1 U(—0.5,0.5)
- PSO method, 200 particles, 500 Lens, SEPL 812 (arcsec) U(-10, 10)

iterations External shear Yext,1 14(0.0,0.5)
- optimization External shear angle 0. cxt (rad) U(—m,m)
- Xlens, ylens Source, Point B1,2 (arcsec) U(-10,10)
- b, e, gamma, lens_pa Hubble-Lemaitre Hy (km/s/Mpc) U(20,120)
- gamma_ext_1, gamma_ext_2 Gonsham;
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Results

65 = 0.001+982

' The corner plot of best-fitted
parameters of mock lenses with 11
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The corner plot of best-fitted
parameters of mock lenses with
Kext, including corrected Einstein
Radii (\theta”c_E) and Hubble
constant (H”c_0) with constant

\kappa_{ext}.
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Results

9
Mocks with L.O.S. Mocks with Kext
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PDFs of the fractional differences between measured HO and the true value. Blue histograms show the PDF of
fractional differences with single SEPL mass model only; orange histograms show the PDF of fractional errors
with the mass model of SEPL + external shear; green histograms show the corrected fractional differences of
the orange histograms with constant \kappa_{ext} correction. Back vertical solid line stands for the value of
zero. Blue, orange, and green vertical dashed lines stand for the median of each PDF.

Li+ 2020, arXiv:2006.08540 10



1. Strong lensing time delay is an independent approach to
study HO tension. External convergence is critical.

2. The assumption of constant external convergence is not
accurate enough, which is ~3 times larger than the impacts
of the L.O.S in the systems in our work.

3. More sophisticated models of the L.O.S. is needed when
modeling SLTD systems.

4. Alternatively, comperical models for correcting the biases

might be useful too. .



