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The problem

• More optical data doesn’t 
mean better DE constraints. 

• Optical light is dimmed and 
reddened by dust in the 
host galaxy, the Milky Way, 
and the extragalactic 
medium.

Optical samples of SN Ia for cosmology have reached their 
limit to constrain the nature of the dark energy (DE) because of 
the systematic uncertainties. 



• Near infrared (NIR) light is much less sensitive to dust 
than the optical wavelengths.

A solution: NIR observations!
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Low-z NIR sample

Compiled by Andrew Friedman 
(UCSD):


• CfA, CSP, Literature


• 190 SN Ia with optical + NIR 
(YJHK) light curves

Friedman+2015







Infer the distance modulus (luminosity distance) of each SNIa 
from their near-infrared time-series data (aka, light curves)

★ Construct NIR light-curve templates


• Gaussian-Processes regression


• Hierarchical Bayesian model


★ Fit the NIR light-curve template to the time series data

Method

Goal



Gaussian Processes
Interpolating the time series using Gaussian Processes regression

supernova “s”

days

= datum at a given time, for a given supernova “s" and band.
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Gaussian Processes
Interpolating the time series using Gaussian Processes regression

Mean function is computed as:

Covariance matrix is computed as:

= datum at a given time, for a given supernova “s" and band.



Gaussian Processes

Mean function is computed as:

Covariance matrix is computed as:

Kernel:

Notation:



Gaussian Processes
Kernel:

Hyperparameters computed as:



Gaussian-Process fit

Y band
J band

K bandH band



Templates

Hierarchical Bayesian model









1st level of the hierarchy:

Bayesian Hierarchical model
Constructing the NIR light-curve templates



Bayesian Hierarchical model

We assume that the              are drawn from a Gaussian 
distribution with mean             and variance        :

Constructing the NIR light-curve templates

Template

1st level of the hierarchy:

2nd level of the hierarchy:



Hierarchical Bayesian model

Y band
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Distance modulus
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Intrinsic dispersion

Scatter in the Hubble residuals after accounting for peculiar-velocity 
and photometric uncertainties.

Intrinsic dispersion       :     

Blondin, Mandel, Kirshner, 2011
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Gaussian-
Process method
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Gaussian-Process Method

Y band
J band

K bandH band



Gaussian-Process Method
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Combining 
multiple NIR bands



Distance modulus
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How good or bad 
are these results?



Optical Hubble 
diagram



SALT2 SNooPy

Fitting the optical light curves only
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Intrinsic dispersion and wRMS summary



RAISIN-1

RAISIN-2

RAISIN = SN IA in the IR
Tracing cosmic expansion with SN Ia in the Near Infrared

• 23 SN Ia, redshift ~ 0.3

• 24 SN Ia, redshift ~ 0.5
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Take away

•NIR SN Ia are very good 
standard candles compared 
with optical observations.


•Very promising for cosmology 
when combining optical+NIR 
observations: RAISIN program, 
WFIRST. RAISIN

Near infrared

Optical


