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Introduction
● Determination of the current expansion rate of the Universe (the Hubble Constant, H0)

a c r o s s a w i d e r a n g e of redshift s provides a fundamental test of the st andard
cosmological model.

● Disagreement be tween  independent measurements of  H 0

a t ea rly and la te times in the Universe (‘Hubble tens ion’ )
ra i ses  doubts about  the  model ’s  re l iab il ity.

● For  the  loca l  d i s tance-ladder, SH0ES team (Riess  e t  a l .  
2022)  y ie lds  H 0 = 73 . 04±1.04 km s−1 Mpc−1

● CMB measurements  (P lanck Col labora tion  e t  a l .  2020)  
f rom the  P lanck  sa te ll it e favor  H 0 = 67 . 4±0.6 km s−1

Mpc−1

● Conf i rming or  reso lv ing  the  H 0 disc repancy i s  c ruc ia l  
fo r  fundamenta l phys ics

Local-distance ladder approach

CMB observation in conjunction
with the ΛCDM model



Introduction
● Other independent H0 measurements

● ‘Tip of the red-g ian t branch’ (TRGB) yie ld a range in H 0 of 70–73 km s−1 Mpc−1

● The Maser Cosmology Project (MCP, Pesce et al. 2020) combined six maser d is tances and
pecul ia r ve locit ies to f ind H 0 = 73. 9 ± 3. 0 km s−1 Mpc−1

● Strongly grav ita tiona lly lensed quasars :

The Time Delay COSMOgraphy (TDCOSMO) col labora tion leveraged a jo int measurement
across seven lensed quasars to find H 0 = 74.2±1. 6 km s−1 Mpc−1 assuming power- law mass
profiles for the lens and a fla t ΛCDM cosmology, and H 0 = 73.3±5. 8 km s−1 Mpc−1 using f ree
form mass profi les (Bi rrer e t a l . 2020) .

● This growing catalog of independent measurements has already provided insights into
the Hubble tension, and new measurements at i ntermediate redshifts 1<z<10 are
imperative in elucidating when in cosmic hi s tory thi s di screpancy occurs.



Introduction
● This work focused on s t rong gravitat iona l lens ing of SNe (Refsda l 1964)

● Firs t rea lized for SNe for the discovery of ‘SN Refsdal ’, a mult ip ly-imaged Type II SN found
in the MACS J1149.6+2223 clus te r field (Kelly et a l. 2015), in fe rred H 0 = 64. 8 +4.4

−4.3 km s−1

Mpc−1 or H 0 = 66. 6 +4.1
−3.3 km s−1 Mpc−1 depending on the se t of lens models used .

● After tha t , mul t ip le o ther lensed supernova have been observed:

● Ty p e II S N , such as the z ~ 3 S N in the A be ll 370 c lu s te r f ie ld (C h en e t a l . 2022 )

● S N Ia ,

● ‘ iP TF16geu’ a t z = 0 .409 (Goobare t a l. 20 17 ) , the f irs t SN Ia to have mult ip le images obse rved ;
‘SN Zw ick y’ a t z = 0.35 54 (Goobar e t a l. 2023 ; P ie re l e t a l . 20 23 ) ; ga laxy -sca le lenses , wh ose ~
day - long time de lays l imited in fe rence o f H 0 to ≳40% prec is ion

● ‘SN R equ iem’ a t z = 1.95 (R odney e t a l. 2021 ), ga lax y -c lu s te r -sca le lens, a nea r ly decade - long
time de lay, w h ich w il l y ie ld a p rec is ion measu remen t o f H 0 in 2037 w hen th e SN coun te r image
is p red ic ted to ap p ea r.

A cross a l l o f these S N e , S N R efsdal is the on ly to p rov ide p rec is ion H 0 co n s train ts to da te .



Introduction
● SN H0pe is a triply-imaged SN Ia discovered in the gal axy-cluster fi eld PLCK

G165.7+67.0 (‘G165’, z=0.348). It is a massive lensing galaxy cluster (M tot =(2.6 ± 0.3)
× 1014 Msun, Frye et al. 2019), that induces a relati vely long ~ 100 day time delay
between the first and third image, offering only the second-ever opportunity for
precis ion SN t ime-delay cosmography and the f i r st wi th a SN Ia.

● Thi s paper present s the first precision measurement of H0 from time-delay
cosmography of a s t rongly-lensed SN Ia.



Observations

JWST/NIRCam color image 
in the central region of G165. 

• Discovered on 31 March 
2023

• The discovery prompted a 
JWST disruptive Director’s 
Discretionary Time (DDT) 
program which acquired 
two additional epochs of 
NIRCam imaging on 22 
April 2023 and 9 May 
2023.

• The DDT program also 
acquired JWST/NIRSpec 
Mico-shutter assembly 
(MSA) spectra targeting 
the SN host galaxy and 
the two brightest SN 
images.



Observations



Observations



Observations

The spectra, taken on 22 April, confirmed the Ia type
from the identification of the requisite blueshifted [Si 
II]λ6355 feature, and other absorption-line features 
commonly found in Type Ia SNe.



Photometric Time delays
With the knowledge that SN H0pe is a SN Ia,
the authors leverage the BayeSN SED model
(Mandel et al. 2022) to measure time delays 
with the SNTD Color method.

Epoch 1: 8 filters
Epoch 2 & 3: 6 filters



Spectroscopic Time delays
Straightforward spectroscopic SN Ia template fitting to 
determine the phases between images



Time delay cosmography
For an individual source at angular position β with a corresponding lensed image observed at 
angular position θ, the time delay can be expressed as:

zl is the redshift of the lensing cluster
ψ(θ) is the lensing potential at the observed image position θ, and
Dl, Ds, and Dls are the angular diameter distances to the lens, the source, and between the lens and source 
respectively.

7  different teams constructed independent lens models with the same input constraints: 
• 21 image systems, five of them with spectroscopic redshifts
• 161 cluster member galaxies with positions, F200W brightnesses, and morphological parameters
Broadly split into two categories:
• Parametric models (models 1, 2, 3), assume the mass distribution is entirely characterized as
the superposition of analytic profiles.
• Non-parametric models (models 4 and 6), on the other hand, make fewer assumptions on
the profile of the cluster-scale dark matter, and allow a flexible grid to describe the mass distribution

‘time delay distance’ which is inversely proportional to H0



H0 constraints



Conclusions
• The James Webb Space Telescope (JWST) Near InfraRed Camera (NIRCam) imaging

in the field of the galaxy cluster PLCK G165.7+67.0 (z = 0.35) uncovered a Type Ia
supernova (SN Ia) at z = 1.78, called “SN H0pe.”

• SN H0pe is only the second opportunity for precision SN time delay cosmography.
• They measured the probability distribution of H0 by comparing the photometrically

and spectroscopically measured time delays and magnifications to those predicted by
seven independently created lens models, inferring H0 = 75.4+8.1

−5.5 km s−1 Mpc−1

• This is the first precision measurement of H0 from a multiply-imaged SN Ia, and
provides a measurement in a rarely utilized redshift regime.

• This result agrees with other local universe measurements, yet exceeds the value of H0
derived from the early Universe with ≳90% confidence, increasing evidence of the
Hubble tension.

• Upcoming surveys from the Vera C. Rubin and Nancy Grace Roman observatories as
well as continuing JWST programs will increase the sample of cluster-lensed SNe,
which promises to ultimately drive H0 constraints down to percent-level precision.


