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Figure 8. HR versus Si II velocity for individual SNe (black) in the +4-d
sample. We fit a two-parameter step function (blue) to these data where we
split the sample at the median velocity (!11 000 km s!1). The light-blue
lines represent a subset of fits to random realizations of the data. The orange
stars show measurements from composite spectra where we separate the
sample at the same velocity. The best-fitting offset between two subsamples
is 0.091 ± 0.035 mag offset (2.7! ).

At +37 d, the positive-HR and negative-HR composite spectra
look very similar. While there are some subtle differences, most of
these deviations are contained within the 1-! bootstrap resampling
uncertainty regions. However, as the composite spectra progress to
later phases, the differences become more significant.

In the three displayed spectra, the negative-HR composite
spectrum has weaker features than the positive-HR composite
spectrum. This relationship is most obvious in the +52-d HR-binned
composite spectra, but is also significant in the +77-d HR-binned
composite spectra, but with a limited wavelength range and fewer
SNe contributing. For this reason, we chose to further examine this
trend by examining the +52-d composite spectra in more detail.

Fig. 13 is the same format as Fig. 6 and shows these composite
spectra along with some more detailed, wavelength-dependent
information. These composite spectra were constructed using a
phase bin of +42 – +62 d and "m15(B) bins of 0.7–1.8 mag. The
effective phase, "m15(B), and HR of the positive-HR composite
spectrum are 50.8 d, 1.11, and 0.09 mag, respectively (52.4 d,
1.08, and !0.11 mag, for the negative-HR composite spectrum,
respectively). While the phase bin is large, the average phase only
differs by more than 3 d (<5 per cent of the time since explosion) in
6 per cent of all wavelength bins. Similarly for "m15(B) (fifth panel),
the average "m15(B) at every wavelength only differs by more than
0.1 mag in 14 per cent of wavelength bins. It is also noteworthy that
the positive-HR and negative-HR sample sizes are very different in
this phase range. With the positive-HR sample containing 18 spectra
of 11 SNe, and the negative-HR sample containing 60 spectra of
31 SNe. While these spectral differences seen at these later epochs
are intriguing, the small number of contributing SNe limits our
inference.

A difference like this could be attributed to a difference in the
overall continuum level of SNe with different HRs. The fractional
depth of spectral features in SNe Ia with a larger overall flux
levels should be smaller. Wang et al. (2019) has suggested that

Figure 9. Time series of composite spectra created from subsamples of
SNe with positive (blue) and (negative) HRs displaying the region around
Si II #6355. The blue- and red-shaded regions are the 1-! bootstrap-
sampling uncertainties of the positive- and negative-HR composite spectra,
respectively. The right vertical axis indicates the effective phase in days of
each set of composite spectra. At all epochs prior to +15 d, the minimum
of the main Si II feature is more blueshifted in the negative-HR sample than
the positive-HR sample.

a B-band offset in HV SNe at phases >+40 d could be due to a
light echo from circumstellar dust. A light echo could dilute the
specral features. However, our composite spectra do not exhibit a
large colour difference at this phase (Section 3.5), disfavouring
a light-echo explanation for the difference in spectral feature
strength.

It is also possible that host-galaxy light contamination is causing
the observed feature strength differences. This could also change

MNRAS 493, 5713–5725 (2020)
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Figure 8. HR versus Si II velocity for individual SNe (black) in the +4-d
sample. We fit a two-parameter step function (blue) to these data where we
split the sample at the median velocity (!11 000 km s!1). The light-blue
lines represent a subset of fits to random realizations of the data. The orange
stars show measurements from composite spectra where we separate the
sample at the same velocity. The best-fitting offset between two subsamples
is 0.091 ± 0.035 mag offset (2.7! ).

At +37 d, the positive-HR and negative-HR composite spectra
look very similar. While there are some subtle differences, most of
these deviations are contained within the 1-! bootstrap resampling
uncertainty regions. However, as the composite spectra progress to
later phases, the differences become more significant.

In the three displayed spectra, the negative-HR composite
spectrum has weaker features than the positive-HR composite
spectrum. This relationship is most obvious in the +52-d HR-binned
composite spectra, but is also significant in the +77-d HR-binned
composite spectra, but with a limited wavelength range and fewer
SNe contributing. For this reason, we chose to further examine this
trend by examining the +52-d composite spectra in more detail.

Fig. 13 is the same format as Fig. 6 and shows these composite
spectra along with some more detailed, wavelength-dependent
information. These composite spectra were constructed using a
phase bin of +42 – +62 d and "m15(B) bins of 0.7–1.8 mag. The
effective phase, "m15(B), and HR of the positive-HR composite
spectrum are 50.8 d, 1.11, and 0.09 mag, respectively (52.4 d,
1.08, and !0.11 mag, for the negative-HR composite spectrum,
respectively). While the phase bin is large, the average phase only
differs by more than 3 d (<5 per cent of the time since explosion) in
6 per cent of all wavelength bins. Similarly for "m15(B) (fifth panel),
the average "m15(B) at every wavelength only differs by more than
0.1 mag in 14 per cent of wavelength bins. It is also noteworthy that
the positive-HR and negative-HR sample sizes are very different in
this phase range. With the positive-HR sample containing 18 spectra
of 11 SNe, and the negative-HR sample containing 60 spectra of
31 SNe. While these spectral differences seen at these later epochs
are intriguing, the small number of contributing SNe limits our
inference.

A difference like this could be attributed to a difference in the
overall continuum level of SNe with different HRs. The fractional
depth of spectral features in SNe Ia with a larger overall flux
levels should be smaller. Wang et al. (2019) has suggested that

Figure 9. Time series of composite spectra created from subsamples of
SNe with positive (blue) and (negative) HRs displaying the region around
Si II #6355. The blue- and red-shaded regions are the 1-! bootstrap-
sampling uncertainties of the positive- and negative-HR composite spectra,
respectively. The right vertical axis indicates the effective phase in days of
each set of composite spectra. At all epochs prior to +15 d, the minimum
of the main Si II feature is more blueshifted in the negative-HR sample than
the positive-HR sample.

a B-band offset in HV SNe at phases >+40 d could be due to a
light echo from circumstellar dust. A light echo could dilute the
specral features. However, our composite spectra do not exhibit a
large colour difference at this phase (Section 3.5), disfavouring
a light-echo explanation for the difference in spectral feature
strength.

It is also possible that host-galaxy light contamination is causing
the observed feature strength differences. This could also change
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Figure 8. HR versus Si II velocity for individual SNe (black) in the +4-d
sample. We fit a two-parameter step function (blue) to these data where we
split the sample at the median velocity (!11 000 km s!1). The light-blue
lines represent a subset of fits to random realizations of the data. The orange
stars show measurements from composite spectra where we separate the
sample at the same velocity. The best-fitting offset between two subsamples
is 0.091 ± 0.035 mag offset (2.7! ).

At +37 d, the positive-HR and negative-HR composite spectra
look very similar. While there are some subtle differences, most of
these deviations are contained within the 1-! bootstrap resampling
uncertainty regions. However, as the composite spectra progress to
later phases, the differences become more significant.

In the three displayed spectra, the negative-HR composite
spectrum has weaker features than the positive-HR composite
spectrum. This relationship is most obvious in the +52-d HR-binned
composite spectra, but is also significant in the +77-d HR-binned
composite spectra, but with a limited wavelength range and fewer
SNe contributing. For this reason, we chose to further examine this
trend by examining the +52-d composite spectra in more detail.

Fig. 13 is the same format as Fig. 6 and shows these composite
spectra along with some more detailed, wavelength-dependent
information. These composite spectra were constructed using a
phase bin of +42 – +62 d and "m15(B) bins of 0.7–1.8 mag. The
effective phase, "m15(B), and HR of the positive-HR composite
spectrum are 50.8 d, 1.11, and 0.09 mag, respectively (52.4 d,
1.08, and !0.11 mag, for the negative-HR composite spectrum,
respectively). While the phase bin is large, the average phase only
differs by more than 3 d (<5 per cent of the time since explosion) in
6 per cent of all wavelength bins. Similarly for "m15(B) (fifth panel),
the average "m15(B) at every wavelength only differs by more than
0.1 mag in 14 per cent of wavelength bins. It is also noteworthy that
the positive-HR and negative-HR sample sizes are very different in
this phase range. With the positive-HR sample containing 18 spectra
of 11 SNe, and the negative-HR sample containing 60 spectra of
31 SNe. While these spectral differences seen at these later epochs
are intriguing, the small number of contributing SNe limits our
inference.

A difference like this could be attributed to a difference in the
overall continuum level of SNe with different HRs. The fractional
depth of spectral features in SNe Ia with a larger overall flux
levels should be smaller. Wang et al. (2019) has suggested that

Figure 9. Time series of composite spectra created from subsamples of
SNe with positive (blue) and (negative) HRs displaying the region around
Si II #6355. The blue- and red-shaded regions are the 1-! bootstrap-
sampling uncertainties of the positive- and negative-HR composite spectra,
respectively. The right vertical axis indicates the effective phase in days of
each set of composite spectra. At all epochs prior to +15 d, the minimum
of the main Si II feature is more blueshifted in the negative-HR sample than
the positive-HR sample.

a B-band offset in HV SNe at phases >+40 d could be due to a
light echo from circumstellar dust. A light echo could dilute the
specral features. However, our composite spectra do not exhibit a
large colour difference at this phase (Section 3.5), disfavouring
a light-echo explanation for the difference in spectral feature
strength.

It is also possible that host-galaxy light contamination is causing
the observed feature strength differences. This could also change

MNRAS 493, 5713–5725 (2020)
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Figure 8. HR versus Si II velocity for individual SNe (black) in the +4-d
sample. We fit a two-parameter step function (blue) to these data where we
split the sample at the median velocity (!11 000 km s!1). The light-blue
lines represent a subset of fits to random realizations of the data. The orange
stars show measurements from composite spectra where we separate the
sample at the same velocity. The best-fitting offset between two subsamples
is 0.091 ± 0.035 mag offset (2.7! ).

At +37 d, the positive-HR and negative-HR composite spectra
look very similar. While there are some subtle differences, most of
these deviations are contained within the 1-! bootstrap resampling
uncertainty regions. However, as the composite spectra progress to
later phases, the differences become more significant.

In the three displayed spectra, the negative-HR composite
spectrum has weaker features than the positive-HR composite
spectrum. This relationship is most obvious in the +52-d HR-binned
composite spectra, but is also significant in the +77-d HR-binned
composite spectra, but with a limited wavelength range and fewer
SNe contributing. For this reason, we chose to further examine this
trend by examining the +52-d composite spectra in more detail.

Fig. 13 is the same format as Fig. 6 and shows these composite
spectra along with some more detailed, wavelength-dependent
information. These composite spectra were constructed using a
phase bin of +42 – +62 d and "m15(B) bins of 0.7–1.8 mag. The
effective phase, "m15(B), and HR of the positive-HR composite
spectrum are 50.8 d, 1.11, and 0.09 mag, respectively (52.4 d,
1.08, and !0.11 mag, for the negative-HR composite spectrum,
respectively). While the phase bin is large, the average phase only
differs by more than 3 d (<5 per cent of the time since explosion) in
6 per cent of all wavelength bins. Similarly for "m15(B) (fifth panel),
the average "m15(B) at every wavelength only differs by more than
0.1 mag in 14 per cent of wavelength bins. It is also noteworthy that
the positive-HR and negative-HR sample sizes are very different in
this phase range. With the positive-HR sample containing 18 spectra
of 11 SNe, and the negative-HR sample containing 60 spectra of
31 SNe. While these spectral differences seen at these later epochs
are intriguing, the small number of contributing SNe limits our
inference.

A difference like this could be attributed to a difference in the
overall continuum level of SNe with different HRs. The fractional
depth of spectral features in SNe Ia with a larger overall flux
levels should be smaller. Wang et al. (2019) has suggested that

Figure 9. Time series of composite spectra created from subsamples of
SNe with positive (blue) and (negative) HRs displaying the region around
Si II #6355. The blue- and red-shaded regions are the 1-! bootstrap-
sampling uncertainties of the positive- and negative-HR composite spectra,
respectively. The right vertical axis indicates the effective phase in days of
each set of composite spectra. At all epochs prior to +15 d, the minimum
of the main Si II feature is more blueshifted in the negative-HR sample than
the positive-HR sample.

a B-band offset in HV SNe at phases >+40 d could be due to a
light echo from circumstellar dust. A light echo could dilute the
specral features. However, our composite spectra do not exhibit a
large colour difference at this phase (Section 3.5), disfavouring
a light-echo explanation for the difference in spectral feature
strength.

It is also possible that host-galaxy light contamination is causing
the observed feature strength differences. This could also change
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Figure 8. HR versus Si II velocity for individual SNe (black) in the +4-d
sample. We fit a two-parameter step function (blue) to these data where we
split the sample at the median velocity (!11 000 km s!1). The light-blue
lines represent a subset of fits to random realizations of the data. The orange
stars show measurements from composite spectra where we separate the
sample at the same velocity. The best-fitting offset between two subsamples
is 0.091 ± 0.035 mag offset (2.7! ).

At +37 d, the positive-HR and negative-HR composite spectra
look very similar. While there are some subtle differences, most of
these deviations are contained within the 1-! bootstrap resampling
uncertainty regions. However, as the composite spectra progress to
later phases, the differences become more significant.

In the three displayed spectra, the negative-HR composite
spectrum has weaker features than the positive-HR composite
spectrum. This relationship is most obvious in the +52-d HR-binned
composite spectra, but is also significant in the +77-d HR-binned
composite spectra, but with a limited wavelength range and fewer
SNe contributing. For this reason, we chose to further examine this
trend by examining the +52-d composite spectra in more detail.

Fig. 13 is the same format as Fig. 6 and shows these composite
spectra along with some more detailed, wavelength-dependent
information. These composite spectra were constructed using a
phase bin of +42 – +62 d and "m15(B) bins of 0.7–1.8 mag. The
effective phase, "m15(B), and HR of the positive-HR composite
spectrum are 50.8 d, 1.11, and 0.09 mag, respectively (52.4 d,
1.08, and !0.11 mag, for the negative-HR composite spectrum,
respectively). While the phase bin is large, the average phase only
differs by more than 3 d (<5 per cent of the time since explosion) in
6 per cent of all wavelength bins. Similarly for "m15(B) (fifth panel),
the average "m15(B) at every wavelength only differs by more than
0.1 mag in 14 per cent of wavelength bins. It is also noteworthy that
the positive-HR and negative-HR sample sizes are very different in
this phase range. With the positive-HR sample containing 18 spectra
of 11 SNe, and the negative-HR sample containing 60 spectra of
31 SNe. While these spectral differences seen at these later epochs
are intriguing, the small number of contributing SNe limits our
inference.

A difference like this could be attributed to a difference in the
overall continuum level of SNe with different HRs. The fractional
depth of spectral features in SNe Ia with a larger overall flux
levels should be smaller. Wang et al. (2019) has suggested that

Figure 9. Time series of composite spectra created from subsamples of
SNe with positive (blue) and (negative) HRs displaying the region around
Si II #6355. The blue- and red-shaded regions are the 1-! bootstrap-
sampling uncertainties of the positive- and negative-HR composite spectra,
respectively. The right vertical axis indicates the effective phase in days of
each set of composite spectra. At all epochs prior to +15 d, the minimum
of the main Si II feature is more blueshifted in the negative-HR sample than
the positive-HR sample.

a B-band offset in HV SNe at phases >+40 d could be due to a
light echo from circumstellar dust. A light echo could dilute the
specral features. However, our composite spectra do not exhibit a
large colour difference at this phase (Section 3.5), disfavouring
a light-echo explanation for the difference in spectral feature
strength.

It is also possible that host-galaxy light contamination is causing
the observed feature strength differences. This could also change
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Build Your Own Spectral Energy Distribution (BYOSED)
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BYOSED can flexibly simulate any SNIa feature/relationship beyond the 
capability of SALT2
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Build Your Own Spectral Energy Distribution (BYOSED)
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Impact on Roman Cosmology

Build Your Own Spectral Energy Distribution (BYOSED)
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• Inclusion in the Roman SNIa 
cosmology pipeline to understand/
mitigate modeling systematics


• Optimizing use of the Prism by 
simulating observations of SNIa with 
differing properties (e.g., ejecta 
velocity—See Matt Siebert's talk)

Next steps for BYOSED…

Build Your Own Spectral Energy Distribution (BYOSED)



Stephen Thorp (Cambridge)  with K. S. Mandel, S. M. Ward, S. Dhawan (Cambridge), G. Narayan (UIUC), A. S. Friedman (UCSD), A. Avelino (Harvard), D. O. Jones (UCSC) 

(Mandel+20; arXiv:2008.07538) 
(Thorp+21; arXiv:2102.05678) 

BayeSN: A Next Generation Optical-NIR SED Model for SN Ia Cosmology 

(Mandel+20) 

Model/Concept: 
� State-of-the-art hierarchical 

Bayesian model for SN Ia SEDs 
� Rest frame optical + NIR  

(B ʹ H bands; у�Ϭ͘ϯϱ�ʹ 1.8 ʅŵ) 
� 1st continuous optical + NIR SED 

model for light curve fitting 
� Leverages NIR to improve 

distance estimates  
� Separation of intrinsic SED 

variation from host dust effects 
� Improved handling of intrinsic 

covariance over t, ʄ 
� Having optical + NIR coverage 

will let us take fuller advantage 
of Roman data 
 

 
 



Stephen Thorp (Cambridge)  with K. S. Mandel, S. M. Ward, S. Dhawan (Cambridge), G. Narayan (UIUC), A. S. Friedman (UCSD), A. Avelino (Harvard), D. O. Jones (UCSC) 

BayeSN: A Next Generation Optical-NIR SED Model for SN Ia Cosmology 

(Mandel+20) 

Science Results: 
� /ŵƉƌŽǀĞĚ�,ƵďďůĞ�ĚŝĂŐƌĂŵ�ƐĐĂƚƚĞƌ�;ďǇ�уϯϱйͿ�ĐŽŵƉĂƌĞĚ�ƚŽ�ĐŽŶǀĞŶƚŝŽŶĂů�ŵĞƚŚŽĚƐ�;DĂŶĚĞůнϮϬͿ 
� Detailed studies of host galaxy dust, correlations w/ host mass (Thorp+21; Thorp+ in prep.)  

ї�ŝŵƉŽƌƚĂŶƚ�systematics to understand before Roman era 
� Differences in host galaxy dust properties (RV) likely insufficient to fully explain SN Ia vs. host 

mass correlations 
 

 

(Thorp+ in prep.) 
(Mandel+20; arXiv:2008.07538) 
(Thorp+21; arXiv:2102.05678) 

Dust Population RV Constraints 

(Thorp+21) 

Foundation DR1 



Stephen Thorp (Cambridge)  with K. S. Mandel, S. M. Ward, S. Dhawan (Cambridge), G. Narayan (UIUC), A. S. Friedman (UCSD), A. Avelino (Harvard), D. O. Jones (UCSC) 

BayeSN: A Next Generation Optical-NIR SED Model for SN Ia Cosmology 

Ongoing Work: 
� Improving distances + investigating 

SN Ia intrinsic scatter w/ 
supernova siblings  
(Ward+ in prep.) 

� ലH0 from optical + NIR light curves 
(Dhawan+ in prep.) 

� Integrating into SNANA for survey 
simulations for dark energy studies 
+ Roman preparation work  
(G. Narayan, R. Kessler, S. Thorp) 
 

Long Term Goals: 
� Fully hierarchical model  

ї�^E�Ia photometry to cosmology 
in a coherent Bayesian analysis 
 

 
 

(Dhawan+ in prep.) (Mandel+20; arXiv:2008.07538) 
(Thorp+21; arXiv:2102.05678) 

(Ward+ in prep.) 

Joint Fit to SN Ia Triplet BayeSN Distance Ladder 
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Ejecta Velocity Improves Distances  
What Does this Mean for Roman?

Matt Siebert

Roman Science Team Community Briefing 11/18/2021



Do SNe Ia spectra vary with Hubble residual?

Foley et al. 2018



No Corrections

Produce expected trends with SALT2 parameters

HR RMS (mag)

0.357

Siebert et al. 2020Composite spectra generated with 
Kaepora (Siebert et al. 2019)
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Produce expected trends with SALT2 parameters

Siebert et al. 2020
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Produce expected trends with SALT2 parameters
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SNe with HR < 0 have higher velocities

Siebert et al. 2020



High-velocity SNe tend to have underestimated distances

0.091±0.035 mag

Siebert et al. 2020



Individual spectra show the same trend Siebert et al. 2020



Simulated Roman Prism Spectra

Image Credit: Justin Pierel

z ~ 0.5 

-12,000 km/s

-10,800 km/s
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