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SALT colour
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Instrinsic + dust model

Jha+2007

Mandel+2011


Brout & Scolnic 2021

Intrinsic 
colour

Dust 
reddening

e−cτ

=
𝒩(c, cint, σc)

Ginolin+25a: Colour

https://ui.adsabs.harvard.edu/abs/2007ApJ...659..122J/abstract
https://ui.adsabs.harvard.edu/abs/2011ApJ...731..120M/abstract
https://ui.adsabs.harvard.edu/abs/2021ApJ...909...26B/abstract
https://ui.adsabs.harvard.edu/abs/2025A&A...694A...4G/abstract
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SALT colour
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Ginolin+25a: Colour
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« Non dustless » example 
Dependence on environment

https://ui.adsabs.harvard.edu/abs/2025A&A...694A...4G/abstract
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Environmental steps
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Ginolin+25b: Stretch

https://ui.adsabs.harvard.edu/abs/2025A&A...695A.140G/abstract
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Environmental steps
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Dependence on colour

Figure 6. from It’s Dust: Solving the Mysteries of the Intrinsic Scatter and Host-galaxy Dependence of Standardized Type Ia Supernova
Brightnesses
null 2021 APJ 909 26 doi:10.3847/1538-4357/abd69b
https://dx.doi.org/10.3847/1538-4357/abd69b
© 2021. The American Astronomical Society. All rights reserved.

Brout & Scolnic 21

Ginolin+25a: Colour

https://ui.adsabs.harvard.edu/abs/2021ApJ...909...26B/abstract
https://ui.adsabs.harvard.edu/abs/2025A&A...694A...4G/abstract
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Other ZTF analyses
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Murakami & Scolnic 2025

Giunta+2026

Wojtak+2026

See also Banana split (Rubin+25)

https://ui.adsabs.harvard.edu/abs/2025ApJ...995...62M/abstract
https://ui.adsabs.harvard.edu/abs/2026arXiv260606593G/abstract
https://ui.adsabs.harvard.edu/abs/2026arXiv260617802W/abstract
https://ui.adsabs.harvard.edu/abs/2026arXiv260119854R/abstract
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Overview of the model
BayeSN 
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Main differences from 
SALT

- Explicit dust treatment


- Already standardised 
SNe


- Training can be 
cosmology dependent

Mean Intrinsic SED

— AV ✖+ !1 ✖

Intrinsic Functional 
Component  

W1[t, λ]

Dust Extinction  
Law (RV)

SN Ia Opt+NIR LCsLatent SN SEDSED Residuals

Cov Σ(t, λ; t’, λ’)

(+ !2 W2[t, λ] + … )

μ, z 
cadence 

filters

+ =

Mandel+22, Thorp+21

https://ui.adsabs.harvard.edu/abs/2022MNRAS.510.3939M/abstract
https://ui.adsabs.harvard.edu/abs/2021MNRAS.508.4310T/abstract
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Overview of the model
BayeSN 
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Dust modelling
As

V ∼ τ−1
A exp(−As

V /τA)

−2.5 log(
Ss(t, λ)
S0(t, λ)

) = M0 + δMs + W0(t, λ) + θs
1W1(t, λ) + As

Vξ(λ, RV) + ϵs(t, λ)

Intrinsic scatter
δMs ∼ 𝒩(0,σ2

0)

Hsiao+07 template

S0(t, λ)
δMs As

V

PCA-like component
θs

1 ∼ 𝒩(0,1)

θs
1

Mandel+22 
Thorp+21 

Grayling+26

Intrisic colour variation 
from knots es ∼ 𝒩(0,Σϵ)

ϵs(t, λ)

https://ui.adsabs.harvard.edu/abs/2022MNRAS.510.3939M/abstract
https://ui.adsabs.harvard.edu/abs/2021MNRAS.508.4310T/abstract
https://ui.adsabs.harvard.edu/abs/2026arXiv260506799G/abstract
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Intrinsic scatter
δMs ∼ 𝒩(0,σ2

0)

Use cases - Training
BayeSN 
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Dust modelling
As

V ∼ τ−1
A exp(−As

V /τA)

−2.5 log(
Ss(t, λ)
S0(t, λ)

) = M0 + δMs + W0(t, λ) + θs
1W1(t, λ) + As

Vξ(λ, RV) + ϵs(t, λ)δMs As
Vθs

1

PCA-like component
θs

1 ∼ 𝒩(0,1)

Population hyperparameters
Per-SN parameters

Intrisic colour variation 
from knots es ∼ 𝒩(0,Σϵ)

ϵs(t, λ)

δMs σ2
0

W0(t, λ) RVW1(t, λ)

As
V As

Vτ−1
A τA

es Σϵθs
1

~ 15 mins to run on 4 GPU

(on the Thorp+21 sample, 157 SNe) 
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Intrinsic scatter
δMs ∼ 𝒩(0,σ2

0)

Use cases - Inferring dust properties
BayeSN 
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Dust modelling
As

V ∼ τ−1
A exp(−As

V /τA)

−2.5 log(
Ss(t, λ)
S0(t, λ)

) = M0 + δMs + W0(t, λ) + θs
1W1(t, λ) + As

Vξ(λ, RV) + ϵs(t, λ)δMs As
Vθs

1

PCA-like component
θs

1 ∼ 𝒩(0,1)

Population hyperparameters
Per-SN parameters

Intrisic colour variation 
from knots es ∼ 𝒩(0,Σϵ)

ϵs(t, λ)

δMs

RV

As
V As

Vτ−1
A τA

es
θs

1

~ 45 mins to run on 4 GPU on Perlmutter

(on the ZTF volume-limited sample, ~1000 SNe) 
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Intrinsic scatter
δMs ∼ 𝒩(0,σ2

0)

Use cases - Light curve fitting
BayeSN 
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Dust modelling
As

V ∼ τ−1
A exp(−As

V /τA)

−2.5 log(
Ss(t, λ)
S0(t, λ)

) = M0 + δMs + W0(t, λ) + θs
1W1(t, λ) + As

Vξ(λ, RV) + ϵs(t, λ)δMs As
Vθs

1

PCA-like component
θs

1 ∼ 𝒩(0,1)

Population hyperparameters
Per-SN parameters

Intrisic colour variation 
from knots es ∼ 𝒩(0,Σϵ)

ϵs(t, λ)

δMs
As

V As
V

es
θs

1

~ 30 mins to run on 4 GPU on ZTF

Can be accelerated with Variational Inference (~30-40 SNe/s) 
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Light curve parameters
BayeSN x ZTF DR2
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Intrinsic SN colour scatter

Non linearity related to the broken- ?α

Ginolin+26

http://ui.adsabs.harvard.edu/abs/2026arXiv260506799G/abstract
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A posteriori step
BayeSN x ZTF DR2
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Ginolin+26

http://ui.adsabs.harvard.edu/abs/2026arXiv260506799G/abstract
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Intrinsic step
BayeSN x ZTF DR2 
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−2.5 log(
Ss(t, λ)
S0(t, λ)

) = M0 + δMs + W0(t, λ) + θs
1W1(t, λ) + As

Vξ(λ, Rs
V) + ϵs(t, λ)

Achromatic mass step

δMs = {
𝒩(ΔM0,LM, σ2

0,LM) if m ≤ 10

𝒩(ΔM0,HM, σ2
0,HM) if m > 10

δMs

Environment dependent dust properties

Rs
V ∼ TN(μR,HM/LM, σ2

R,HM/LM,1.2,∞)

As
V ∼ τ−1

A,HM/LM exp(−As
V /τA,HM/LM)

As
V Rs

V

Grayling+24

https://ui.adsabs.harvard.edu/abs/2024MNRAS.531..953G/abstract
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Intrinsic step
BayeSN x ZTF DR2
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  magγint = 0.049 ± 0.016
Grayling+24

Ginolin+26

https://ui.adsabs.harvard.edu/abs/2024MNRAS.531..953G/abstract
http://ui.adsabs.harvard.edu/abs/2026arXiv260506799G/abstract
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Conclusion and prospects
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Future plans

  magγ = 0.143 ± 0.025

  magγint = 0.103 ± 0.018

SALT

BayeSN

- Retraining BayeSN to 
jointly incorporate all 
effects


- Compare all models in 
an integrated 
framework (e.g. 
Stjornumal)



Backup
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Environmental step
Different tracers and different methods

Ginolin+25b: Stretch

https://ui.adsabs.harvard.edu/abs/2025A&A...695A.140G/abstract
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Environmental step
Different tracers and different methods

Ginolin+25b: Stretch

https://ui.adsabs.harvard.edu/abs/2025A&A...695A.140G/abstract
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SALT colour
Dependence on environment

Ginolin+25a: Colour

https://ui.adsabs.harvard.edu/abs/2025A&A...694A...4G/abstract
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ZTF x BayeSN
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Broken-α

Ginolin+26

Δα = 1.181 ± 0.090 (13.2σ)

http://ui.adsabs.harvard.edu/abs/2026arXiv260506799G/abstract
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ZTF x BayeSN
Intrinsic step - Full fit parameters

Ginolin+26

http://ui.adsabs.harvard.edu/abs/2026arXiv260506799G/abstract
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Intrinsic step
ZTF x BayeSN
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Ginolin+26

http://ui.adsabs.harvard.edu/abs/2026arXiv260506799G/abstract
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Changes from Grayling+24
ZTF x BayeSN 
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SALT standardisation: mB + αx1 − βc + pγ

p = {0 if m ≤ 10
1 if m > 10

m = 10 m = log(M⋆/M⊙)
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p = 0

p = 1

p = 1 − ∫
10

−∞
𝒩(x, m, σ2

m)dx

m = 10 m = log(M⋆/M⊙)
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Changes from Grayling+24
ZTF x BayeSN 
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Rs
V ∼ {

TN(μR,LM, σ2
R,LM,1.2,∞) if  log(Ms

⋆/M⊙) ≤ 10

TN(μR,HM, σ2
R,HM,1.2,∞) if  log(Ms

⋆/M⊙) > 10

Rs
V ∼ pTN(μR,LM, σ2

R,LM,1.2,∞) + (1 − p)TN(μR,HM, σ2
R,HM,1.2,∞)

p = 0.7


