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We discuss what is an appropriate set of explanatory variables to predict the absolute magnitude
at the maximum of Type la supernovae. We use cross-validation to control the generalization
error and a LASSO-type estimator to choose the set of variables. We studied the Berkeley
supernova data base with our approach. As a result, the best set of variables are the color and
light-curve width. Our approach does not support adding any spectroscopic variables.

LASSO (Least Absolute Shrinkage and Selection Operator, [1] )

= A kind of sparse regression

— Selecting an appropriate set of variables by making the
coefficient vector sparse.

B, = argmin {[|y — XB3 + A|IB]l1}
B

= A useful method for model selection
- Estimating an appropriate value of A in LASSO

Step 1 : Dividing the data into training and validation data
Step 2 : Optimization of the model to the training data.
Step 3 : Calculating MSE from the model and validation data.

Data:
The peak magnitude of SNela from the
Berkeley supernova database[2]
(the same as those in [3]) —=>78 samples
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color (c), light-curve width (x1), | W A TS 'Q\W/‘NM \',
Total flux normalized spectra (ftot), A\ IEREN %WV A

Continuum normalized spectra (fent),
Previously proposed flux ratios[3,4,5]
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— 276 variables =» Estimating 276 coefficients from 78 data points.
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Target variable Explanatory variables Non-zero elements Coefficients Probability

¥ (N) X (L) B p

M3 (78) X1, G, ftot, fcnt, R (276) c 0.376 1.00
frot(6373) 0.100 1.00

x1 —0.050 0.98

fent(6084) —0.034 0.98

fene (6289) —0.045 0.95

fent(6631) —0.061 0.80

R(3780/4580) —0.050 0.74
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X1, ftOts fcnt, R (275)
X1, ffot, fcnts R (275)

frot(3752)

X1

0.063
—0.020
—0.014

0.73
0.99
0.85

log(Lambda) *1
! . s, o RE LS 280)  DpEWyg —0.455 1.00
Cross-validation curve % Viots SiA000/ (2500 ‘;cm(;;;;‘}“" s Py
fOI’ Model 1 fent(3982) —0.262 1.00

Model 1 (=MB and all variables)

- ftot(6373) = local color,
independent of the broadband
color, c?

Mp — (Bic + Bax1) (78) tot> Fent: RE (273)

¢ fiors fents RS, Lsy«wr (280)

fne(7038)
fror(4988)
fent(6084)

fent(5770)
fene (6084)
for(6458)
fene(3982)
fent(7179)
fene(6458)
fent(6331)

—0.485
—0.238
0.281

1.034
0.440
0.300
0.041
0.289
—0.236
0.612

0.96
0.77
0.62

1.00
1.00
1.00
1.00
0.99
0.94
0.92

8.06

Model 2 (= ¢ corrected Ms)

= Only the light-curve width, x1

- fwt(6373) in Model 1 is just
due to its high correlation
with c.
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Model 3
(= Simllar to MOdelzl bUt 4000 5000 6000 7000 8000
broadband-color corrected Wavelength (A)
variables)
- Again, only x1

Model 43, b
(= variable selection for x1 with Si Il 4000 (a), or S 11 "W” (b))
— Si 11 4000 and 5765 is selected. Consistent with past studies.

Model 5 (= c and x1 corrected MB)
— No variable is selected.
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Selected variables in Model 1 Selected variables in Model 4a

Velocity

=12,000 km/s

Strong Si |l 6355
Weak Si Il 5972
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