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Outline :

- Why kinematics is integral for precision H, - a tale

of two degeneracies.

* How to improve precision on measured kinematics?
» Improving random error budget

* Improving systematic error budget
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Recap: Measuring /1, using time-delay cosmography
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We need 4 ingredients to infer H,:

e Time Delays Measurement DES J0408-5354

e Lens Modelling
« External Convergence
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Lensing-only perspective of the Hubble tension

ACDM model ? Power-law mass model
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Mass-sheet degeneracy (MSD) in lensing
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Not power law x

Power-law model implicitly breaks the MSD.
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Fits HST imaging well 4/

If the true mass profile is not a power law,
then Ho would be biased.

6



Mass-sheet degeneracy (MSD) in lensing
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In 2020, the TDCOSMO collaboration measured Ho to 8%
from 7 systems with the mass-sheet degeneracy constrained using kinematics.
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But unresolved velocity dispersion brings it’s own problem

Mass model Anisotropy model
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Resolved velocity dispersion breaks both MSD and MAD

J1206+4332
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Spatially resolved stellar kinematics constrain

Cepheids distance ladder

9% from 1 resolved kinematics

(Shajib, Mozumdar+ 23)
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Hoto 9% from only one time-delay lens.
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In 2025, the TDCOSMO collaboration measured Hop blindly to 5%
from 8 systems with the mass-sheet degeneracy constrained using kinematics.
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Improving systematic error budget:
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Bad templates provide bias fits:

N K L J
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Improving systematic error budget:
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Improving systematic error budget:

N ,
G, q(Ind) = Z w, { [T (InA) * Z, (clnd)] () ) Z chj(lnﬂ)
n=1 k [2( j=1
Polynomial order grid
AO_global
lens
3 4 S 6 7 In a prefect world, measurement from

< 450, different template libraries should be same.

-

The optimal polynomial degree pair
minimizes the scatter among measurements
4.04% using different stellar libraries

4.3

[V

19

Multiplicative degree

3.91%

(8

Additive degree

16



Improving systematic error budget:

N
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Improving random error budget:

* |ncrease sample size with resolved
Kinematics -

Velocity dispersion

TDCOSMO 2025: 1 JWST/IFU lens

RXJ1131-1231
Shaijib+2026
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Improving random error budget:

* |ncrease sample size with resolved
Kinematics -

TDCOSMO 2025: 1 JWST/IFU lens

TDCOSMO 2026: 6 JWST/IFU lens

TDCOSMO 2026+: 16 JWST/IFU lens

Velocity dispersion
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Improving random error budget:
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Improving precision on /1, to 2% level:

TDCOSMO 2026 is almost here - stay tuned !
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Summary:

* Precision kinematics is integral for precision HO via time-delay
cosmography, without any mass profile assumption.

e Resolved kinematics is most effective to alleviate both mass-sheet
degeneracy (MSD) and mass-anisotropy degeneracy (MAD).

* We can control systematic uncertainty to ~1% level.

 We are improving random error budget by increasing sample size
with JWST-IFU kinematics and ground based IFU kinematics.

* Time-delay cosmography can provide ~ 2% Hop, with 16 JWST based
IFU data and plus other IFU and complementary datasets.

22



