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Survey Simulations

● Accurate survey simulations are needed to understand where biases can 

come in, what the impact of those biases are, and how they can be mitigated

● Need accurate description of hardware, selection methodology, observing 

strategy, and underlying physical model

● Underlying model must capture the full diversity of supernova behavior to 

prepare for “unknown unknowns”
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Typical simulations today Use SALT2 parameters drawn from 
uncorrelated ~split normal 
distributions to synthesize 
observations

 (Scolnic + Kessler 2016)

x1, c, z, t0
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Why not just use SALT2?
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Example 1: Boone manifold 
twins technique finds residual  

magnitudes captured by 
additional, non-linear 

parameters that are not 
captured by SALT

Boone 2019



Why not just use SALT2?

Example 2: Similar SALT2 parameters, but very different spectra
Some diversity not captured by the model

Contributes to remaining dispersion and systematic uncertainty

x1≈ 1 x1≈ 0.5
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Why not just use SALT2?

Example 3: range of spectral 
features captured by SALT2 

narrower than observed distribution

If this physics is not being captured, 
we miss sources of potential bias
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SNEMO

SuperNova Empirical MOdel (Saunders et al. 2018) adds additional components to 
the spectral sequence model to capture spectral diversity left on the table by SALT2
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Simulating Supernova Surveys

Step 1 of improving the simulation 
framework

SNEMO parameter values are 
correlated and non-Gaussian 

SNEMO7 coefficient
distributions
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Kernel Density Estimators

Non-parametric estimate of parent 
population from samples using a 
kernel with some bandwidth h

With proper bandwidth tuning, we 
can closely approximate 
non-Gaussian distributions
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KDE → Simulated Data

f
model

(p,λ, c
i
, z)
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New Analyses Enabled by These Simulations

● How well can we recover these coefficients with a given data set?

● What impact does the coefficient recovery have on cosmology?

○ Nearest neighbor subtyping (aka twinning)

○ Capture non-linear spectral features (e.g. ejecta velocities)

11



Supernova Twins
● Fakhouri, Boone+ 2015: Using 

twin supernovae, we can 
standardize supernovae to 0.08 
mag

● SNEMO15 can match spectral 
time series at the same level (in 𝜒2)  
as the best twins

● If we can accurately measure the 
15 coefficients of SNEMO15, we 
should be able to match 
supernovae at the same level as 
twins

Fakhouri et al. 2015 ApJ 815 58
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Quantifying Twinness Importance
Measure the impact of a ±1σ error on the measurement of each coefficient on 𝝃 

(twinness metric)

“Twinness importance”
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Finding twins with the WFIRST Prism

● Rescale recovery 
errors by “twinness 
importance”

● Scaled error = 1 
means roughly same 
impact as assigning a 
random SED
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Recovering spectral features from low-res spectra 

● Smoothing and interpolating with no prior is difficult
● Using Gaussian line profile can bias results
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Using SNEMO to Interpolate

● SNEMO uses all information in the spectrum to base inference of velocity
● More degrees of freedom than other models to capture diversity
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Velocity Accuracy vs S/N and Resolution
● Measure recovery with NMAD of 

residual between generated data 
and best fit SNEMO15 model

● Power-law dependence on 
resolution and SNR for both 
velocities and equivalent widths 
of SiIIλ6355 and CaIIH&K

● Mapping of trade off between 
observational expense and 
extractable information

WFIRST prism
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Conclusions

● SNe Ia are no longer limited as cosmological tools by statistics but by 

systematics

● SNEMO is a model that captures more of the spectral diversity of SNe Ia 

● SNEMO can be used to power simulations of unknown unknowns and fairly 

compare the power of photometric and spectroscopic observations
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