
jpierel@stsci.edu

Do pass z=2, Do Collect Type Ia Supernovae:

Breaking Out of Redshift Jail with JWST

Transient Science at Space Telescope

Justin Pierel 
NASA Einstein Fellow 

mailto:jr23@email.sc.edu


jpierel@stsci.edu

Why should you care?

2

mailto:jr23@email.sc.edu


jpierel@stsci.edu

Why should you care?

• Cosmology — Hubble constant and evolving dark energy

3

mailto:jr23@email.sc.edu


jpierel@stsci.edu

Why should you care?

• Cosmology — Hubble constant and evolving dark energy


• Opportunities for collaboration — Galaxy spectroscopy, repeated imaging 

4

mailto:jr23@email.sc.edu


jpierel@stsci.edu

Why should you care?

• Cosmology — Hubble constant and evolving dark energy
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• You might not (and that’s okay) 
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(many of which are not even varied in the simulations, e.g., mag-
netic fields and rotation; see x 4). Current modeling suffers from
known gaps in our ability to characterize the physics offlame prop-
agation and explosion conditions, insufficient resolution in position
and velocity space, and an incomplete itemization of energy levels
in the calculation of supernova photospheres. These deficiencies
are unlikely to be fully remedied in the near future (e.g., Niemeyer
et al. 2002).

The major problemwith the empirical approach of regressing
observed SN parameters with luminosity is that the absence of
evidence for evolution does not provide evidence of absence.

Here we present an alternative, empirical approach, which re-
quires much less guidance from theoretical modeling of super-
novae. Our suggested approach is to increase possible evolutionary
effects while simultaneously decreasing the dependence of the
apparent brightness on uncertain parameters of cosmology. At
z> 2, the universe is observed and expected to be dark matter
dominated, and thus the measured SN Ia distances are relatively
insensitive to the nature of dark energy (relative to lower red-
shifts). However, the increased look-back time and the concom-
itant changes to the global (mean) chemical abundances and
stellar ages are substantial (as we will show), amplifying any po-
tential SN Ia evolutionary effect above what can be readily de-
tected at lower redshifts. Thus, even without a detailed initial
knowledge of the cause of evolution, measuring a significant
sample of SNe Ia at z> 2 should reveal the potential effects of
evolution (e.g., by direct evidence of its absence), independent of
the behavior of dark energy. In x 2 we describe the basic mea-
surement. In x 3 we describe the feasibility of this measurement
with existing or planned observatories. A discussion follows in
x 4, and our summary and conclusion are presented in x 5.

2. SNe Ia AT z > 2, A ROUTE TO AMPLIFYING
THE EVOLUTIONARY EFFECTS

The change in the luminosity distance with redshift is sensitive
to the properties of the dark energy within the interval 0< z<1:5,

but decreasingly so (with increasing redshift), because the ratio
of the dark matter to dark energy density increases rapidly as
(1þ z)"3w(z). Thus, whatever the value of the equation of state
(w ¼ P/!c2 ) of the dark energy, the high-redshift universemust be
dark matter dominated. As a result, increases in the luminosity
distancewith redshift become simpler to predict at higher redshifts.

To illustrate this phenomenon, we show in Figure 1 differences
in the increase of luminosity distance with redshift for different
dark energy parameters between 0< z< 1:5 and again between
1:5< z< 3:0. The predicted distances for a cosmological con-
stant–type dark energy w0; w0ð Þ¼ ("1:0; 0:0) and models with
dark energy parameters in close proximity ("1.0, "0.3), ("1.0,
+0.3), ("1.2, 0.0), ("0.8, 0.0) differ by&10% in flux in the range
0< z< 1:5 [here, w0 is w(z ¼ 0) and w0 ' dw /dzð Þjz¼0]. How-
ever, in the next redshift range, 1:5 < z < 3:0, the additional
distance for these same dark energy models differs by only&1%
in flux. Thus, while the increase in the luminosity distance in the
range 0< z< 1:5 depends on both (possible) evolution and the
unknown dark energy model, the luminosity distance increase in
the range 1:5< z< 3:0 is sensitive only to (possible) evolution.
This relative insensitivity to dark energy at higher redshifts pro-
vides a powerful way to identify possible SN Ia evolution.

For example, one of the primary global parameters whose cos-
mic evolution might affect SN Ia luminosities is metallicity (see
x 4). To illustrate the utility of the approach we advocate, we can
reconstruct a representative history for the evolution of metal-
licity based on quasar absorption by damped Ly" systems. The
relevant value of the cosmic metallicity is its value at the time of
the SN Ia progenitor formation, not the value at explosion. In Fig-
ure 2, we show the mean cosmic metallicity derived from mea-
surements by Kulkarni et al. (2005), and an assumed delay time
for SNe Ia of 2–3 Gyr (Strolger et al. 2004; Dahlen et al. 2004).
As shown, the mean global metallicity at the time of a SN Ia
progenitor formation is expected to decrease by 2 decades in the
redshift range of 0< z< 1:5, resulting in uncertain, and hard to
predict, evolution in SN Ia luminosity. This is the redshift range
where the observed fluxes of SNe Ia are increasingly being used
to characterize dark energy (Riess et al. 2004; Aldering 2005). In

Fig. 1.—Dark energy and evolution sensitivity. At 0 < z < 1:5, luminosity
distances to SNe Ia are sensitive to differences in the dark energy model, with a
&10% variation in flux for dark energy parameters currently favored (top). How-
ever, it is possible that SNe Ia in this range could be altered by a significant, un-
known luminosity evolution.At 1:5 < z < 3:0, variations in the dark energymodel
from a fiducial model (cosmological constant) become very small as the universe
becomes dark-matter-dominated (bottom). However, the known cosmic evolution
of parameters related to progenitor formation continues in this higher redshift in-
terval, providing the means to diagnose and calibrate the degree of SN Ia evolution
affecting dark energymeasurements. [See the electronic edition of the Journal for a
color version of this figure.]

Fig. 2.—Mean global metallicity of the formation of SN Ia progenitor systems
as inferred from damped Ly" systems. The upper panel shows the relation be-
tween discovery redshift and progenitor formation redshift depending on the time
interval between formation and explosion. The bottom panel uses the results from
Kulkarni et al. (2005) to show the mean global metallicity for SNe Ia progenitors
as a function of discovery redshift. As shown, the variation in globalmetallicity at
1:5 < z< 3:0, where SNe Ia distances are relatively insensitive to knowledge of
the correct dark energy model, is as large or larger than at 0< z< 1:5, where SNe Ia
are used tomeasure dark energy. These changing dependencies allow, in principle, for
the breaking of possible degeneracies between SN Ia luminosity evolution and dark
energy. [See the electronic edition of the Journal for a color version of this figure.]
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(many of which are not even varied in the simulations, e.g., mag-
netic fields and rotation; see x 4). Current modeling suffers from
known gaps in our ability to characterize the physics offlame prop-
agation and explosion conditions, insufficient resolution in position
and velocity space, and an incomplete itemization of energy levels
in the calculation of supernova photospheres. These deficiencies
are unlikely to be fully remedied in the near future (e.g., Niemeyer
et al. 2002).

The major problemwith the empirical approach of regressing
observed SN parameters with luminosity is that the absence of
evidence for evolution does not provide evidence of absence.

Here we present an alternative, empirical approach, which re-
quires much less guidance from theoretical modeling of super-
novae. Our suggested approach is to increase possible evolutionary
effects while simultaneously decreasing the dependence of the
apparent brightness on uncertain parameters of cosmology. At
z> 2, the universe is observed and expected to be dark matter
dominated, and thus the measured SN Ia distances are relatively
insensitive to the nature of dark energy (relative to lower red-
shifts). However, the increased look-back time and the concom-
itant changes to the global (mean) chemical abundances and
stellar ages are substantial (as we will show), amplifying any po-
tential SN Ia evolutionary effect above what can be readily de-
tected at lower redshifts. Thus, even without a detailed initial
knowledge of the cause of evolution, measuring a significant
sample of SNe Ia at z> 2 should reveal the potential effects of
evolution (e.g., by direct evidence of its absence), independent of
the behavior of dark energy. In x 2 we describe the basic mea-
surement. In x 3 we describe the feasibility of this measurement
with existing or planned observatories. A discussion follows in
x 4, and our summary and conclusion are presented in x 5.

2. SNe Ia AT z > 2, A ROUTE TO AMPLIFYING
THE EVOLUTIONARY EFFECTS

The change in the luminosity distance with redshift is sensitive
to the properties of the dark energy within the interval 0< z<1:5,

but decreasingly so (with increasing redshift), because the ratio
of the dark matter to dark energy density increases rapidly as
(1þ z)"3w(z). Thus, whatever the value of the equation of state
(w ¼ P/!c2 ) of the dark energy, the high-redshift universemust be
dark matter dominated. As a result, increases in the luminosity
distancewith redshift become simpler to predict at higher redshifts.

To illustrate this phenomenon, we show in Figure 1 differences
in the increase of luminosity distance with redshift for different
dark energy parameters between 0< z< 1:5 and again between
1:5< z< 3:0. The predicted distances for a cosmological con-
stant–type dark energy w0; w0ð Þ¼ ("1:0; 0:0) and models with
dark energy parameters in close proximity ("1.0, "0.3), ("1.0,
+0.3), ("1.2, 0.0), ("0.8, 0.0) differ by&10% in flux in the range
0< z< 1:5 [here, w0 is w(z ¼ 0) and w0 ' dw /dzð Þjz¼0]. How-
ever, in the next redshift range, 1:5 < z < 3:0, the additional
distance for these same dark energy models differs by only&1%
in flux. Thus, while the increase in the luminosity distance in the
range 0< z< 1:5 depends on both (possible) evolution and the
unknown dark energy model, the luminosity distance increase in
the range 1:5< z< 3:0 is sensitive only to (possible) evolution.
This relative insensitivity to dark energy at higher redshifts pro-
vides a powerful way to identify possible SN Ia evolution.

For example, one of the primary global parameters whose cos-
mic evolution might affect SN Ia luminosities is metallicity (see
x 4). To illustrate the utility of the approach we advocate, we can
reconstruct a representative history for the evolution of metal-
licity based on quasar absorption by damped Ly" systems. The
relevant value of the cosmic metallicity is its value at the time of
the SN Ia progenitor formation, not the value at explosion. In Fig-
ure 2, we show the mean cosmic metallicity derived from mea-
surements by Kulkarni et al. (2005), and an assumed delay time
for SNe Ia of 2–3 Gyr (Strolger et al. 2004; Dahlen et al. 2004).
As shown, the mean global metallicity at the time of a SN Ia
progenitor formation is expected to decrease by 2 decades in the
redshift range of 0< z< 1:5, resulting in uncertain, and hard to
predict, evolution in SN Ia luminosity. This is the redshift range
where the observed fluxes of SNe Ia are increasingly being used
to characterize dark energy (Riess et al. 2004; Aldering 2005). In

Fig. 1.—Dark energy and evolution sensitivity. At 0 < z < 1:5, luminosity
distances to SNe Ia are sensitive to differences in the dark energy model, with a
&10% variation in flux for dark energy parameters currently favored (top). How-
ever, it is possible that SNe Ia in this range could be altered by a significant, un-
known luminosity evolution.At 1:5 < z < 3:0, variations in the dark energymodel
from a fiducial model (cosmological constant) become very small as the universe
becomes dark-matter-dominated (bottom). However, the known cosmic evolution
of parameters related to progenitor formation continues in this higher redshift in-
terval, providing the means to diagnose and calibrate the degree of SN Ia evolution
affecting dark energymeasurements. [See the electronic edition of the Journal for a
color version of this figure.]

Fig. 2.—Mean global metallicity of the formation of SN Ia progenitor systems
as inferred from damped Ly" systems. The upper panel shows the relation be-
tween discovery redshift and progenitor formation redshift depending on the time
interval between formation and explosion. The bottom panel uses the results from
Kulkarni et al. (2005) to show the mean global metallicity for SNe Ia progenitors
as a function of discovery redshift. As shown, the variation in globalmetallicity at
1:5 < z< 3:0, where SNe Ia distances are relatively insensitive to knowledge of
the correct dark energy model, is as large or larger than at 0< z< 1:5, where SNe Ia
are used tomeasure dark energy. These changing dependencies allow, in principle, for
the breaking of possible degeneracies between SN Ia luminosity evolution and dark
energy. [See the electronic edition of the Journal for a color version of this figure.]
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(many of which are not even varied in the simulations, e.g., mag-
netic fields and rotation; see x 4). Current modeling suffers from
known gaps in our ability to characterize the physics offlame prop-
agation and explosion conditions, insufficient resolution in position
and velocity space, and an incomplete itemization of energy levels
in the calculation of supernova photospheres. These deficiencies
are unlikely to be fully remedied in the near future (e.g., Niemeyer
et al. 2002).

The major problemwith the empirical approach of regressing
observed SN parameters with luminosity is that the absence of
evidence for evolution does not provide evidence of absence.

Here we present an alternative, empirical approach, which re-
quires much less guidance from theoretical modeling of super-
novae. Our suggested approach is to increase possible evolutionary
effects while simultaneously decreasing the dependence of the
apparent brightness on uncertain parameters of cosmology. At
z> 2, the universe is observed and expected to be dark matter
dominated, and thus the measured SN Ia distances are relatively
insensitive to the nature of dark energy (relative to lower red-
shifts). However, the increased look-back time and the concom-
itant changes to the global (mean) chemical abundances and
stellar ages are substantial (as we will show), amplifying any po-
tential SN Ia evolutionary effect above what can be readily de-
tected at lower redshifts. Thus, even without a detailed initial
knowledge of the cause of evolution, measuring a significant
sample of SNe Ia at z> 2 should reveal the potential effects of
evolution (e.g., by direct evidence of its absence), independent of
the behavior of dark energy. In x 2 we describe the basic mea-
surement. In x 3 we describe the feasibility of this measurement
with existing or planned observatories. A discussion follows in
x 4, and our summary and conclusion are presented in x 5.

2. SNe Ia AT z > 2, A ROUTE TO AMPLIFYING
THE EVOLUTIONARY EFFECTS

The change in the luminosity distance with redshift is sensitive
to the properties of the dark energy within the interval 0< z<1:5,

but decreasingly so (with increasing redshift), because the ratio
of the dark matter to dark energy density increases rapidly as
(1þ z)"3w(z). Thus, whatever the value of the equation of state
(w ¼ P/!c2 ) of the dark energy, the high-redshift universemust be
dark matter dominated. As a result, increases in the luminosity
distancewith redshift become simpler to predict at higher redshifts.

To illustrate this phenomenon, we show in Figure 1 differences
in the increase of luminosity distance with redshift for different
dark energy parameters between 0< z< 1:5 and again between
1:5< z< 3:0. The predicted distances for a cosmological con-
stant–type dark energy w0; w0ð Þ¼ ("1:0; 0:0) and models with
dark energy parameters in close proximity ("1.0, "0.3), ("1.0,
+0.3), ("1.2, 0.0), ("0.8, 0.0) differ by&10% in flux in the range
0< z< 1:5 [here, w0 is w(z ¼ 0) and w0 ' dw /dzð Þjz¼0]. How-
ever, in the next redshift range, 1:5 < z < 3:0, the additional
distance for these same dark energy models differs by only&1%
in flux. Thus, while the increase in the luminosity distance in the
range 0< z< 1:5 depends on both (possible) evolution and the
unknown dark energy model, the luminosity distance increase in
the range 1:5< z< 3:0 is sensitive only to (possible) evolution.
This relative insensitivity to dark energy at higher redshifts pro-
vides a powerful way to identify possible SN Ia evolution.

For example, one of the primary global parameters whose cos-
mic evolution might affect SN Ia luminosities is metallicity (see
x 4). To illustrate the utility of the approach we advocate, we can
reconstruct a representative history for the evolution of metal-
licity based on quasar absorption by damped Ly" systems. The
relevant value of the cosmic metallicity is its value at the time of
the SN Ia progenitor formation, not the value at explosion. In Fig-
ure 2, we show the mean cosmic metallicity derived from mea-
surements by Kulkarni et al. (2005), and an assumed delay time
for SNe Ia of 2–3 Gyr (Strolger et al. 2004; Dahlen et al. 2004).
As shown, the mean global metallicity at the time of a SN Ia
progenitor formation is expected to decrease by 2 decades in the
redshift range of 0< z< 1:5, resulting in uncertain, and hard to
predict, evolution in SN Ia luminosity. This is the redshift range
where the observed fluxes of SNe Ia are increasingly being used
to characterize dark energy (Riess et al. 2004; Aldering 2005). In

Fig. 1.—Dark energy and evolution sensitivity. At 0 < z < 1:5, luminosity
distances to SNe Ia are sensitive to differences in the dark energy model, with a
&10% variation in flux for dark energy parameters currently favored (top). How-
ever, it is possible that SNe Ia in this range could be altered by a significant, un-
known luminosity evolution.At 1:5 < z < 3:0, variations in the dark energymodel
from a fiducial model (cosmological constant) become very small as the universe
becomes dark-matter-dominated (bottom). However, the known cosmic evolution
of parameters related to progenitor formation continues in this higher redshift in-
terval, providing the means to diagnose and calibrate the degree of SN Ia evolution
affecting dark energymeasurements. [See the electronic edition of the Journal for a
color version of this figure.]

Fig. 2.—Mean global metallicity of the formation of SN Ia progenitor systems
as inferred from damped Ly" systems. The upper panel shows the relation be-
tween discovery redshift and progenitor formation redshift depending on the time
interval between formation and explosion. The bottom panel uses the results from
Kulkarni et al. (2005) to show the mean global metallicity for SNe Ia progenitors
as a function of discovery redshift. As shown, the variation in globalmetallicity at
1:5 < z< 3:0, where SNe Ia distances are relatively insensitive to knowledge of
the correct dark energy model, is as large or larger than at 0< z< 1:5, where SNe Ia
are used tomeasure dark energy. These changing dependencies allow, in principle, for
the breaking of possible degeneracies between SN Ia luminosity evolution and dark
energy. [See the electronic edition of the Journal for a color version of this figure.]
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Figure 8. from Type Ia Supernova Rate Measurements to Redshift 2.5 from CANDELS: Searching for Prompt Explosions in the Early Universe
Rodney et al. 2014 AJ 148 13 doi:10.1088/0004-6256/148/1/13
https://dx.doi.org/10.1088/0004-6256/148/1/13
© 2014. The American Astronomical Society. All rights reserved.
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Bright, blue core-collapse SN at z=3.5
Coulter et al., in prep.
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Bright, blue core-collapse SN at z=3.5
Coulter et al., in prep.

Figure 2. from
M. R. Siebert et al 2024 Astrophys. J. Lett. 972 doi:10.3847/2041-8213/ad6c32
https://dx.doi.org/10.3847/2041-8213/ad6c32
© 2024. The Author(s). Published by the American Astronomical Society.
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Summary

• You might (or might not) care about Type Ia supernova discoveries


• JADES+COSMOS has found the first two spectroscopically confirmed, non-
gravitationally lensed, Type Ia supernovae at z>2


• No initial evidence for luminosity evolution 


• Larger sample coming in Cycle 3-4


• Lots of other cool stuff found
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