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Motivation
The EPM suggests that the supernova photospheric flux can be expressed via a simple formula involving an
important correction factor. The theoretical modelling of SN IIP by Eastman, Schmidt & Kirshner 1996
(hereafter E96) and Dessart, Hillier 2005 (hereafter D05) has revealed the correlation between the correction
factor for EPM and the color temperature of a supernova. The best-fit polynomials of the correlation are in
qualitative agreement in both papers, however, the values of the correction factor are systematically larger for
D05 approximation, than for E96 approximation. That is why, the EPM-distance difference can reach up to
40% for the same object!
Summary
Using the self-consistent numerical simulations with our radiation hydrodynamics code STELLA we have
obtained diagrams of dependence of the correction factor on the color temperature from the initial phase of
explosion up to the nebular stage. Our approach to the numerical simulations differs radically from Dessart
methods, nevertheless, at the phase of free expansion our best-fit polynomials are surprisingly close to the ones
obtained from Dessart modelling. This result is an additional argument for a “long” scale of the
EPM-distances.

The research was performed on the models computed by a multi-group radiation hydrodynamics code Stella.
Model assumptions:
• The equations were written in one-dimensional spherical geometry.
• The levels and ions populations are computed under LTE.
• Our total opacity included contributions from photoionization, bremsstrahlung, lines (as expansion opacity),
and e-scattering.
• The line opacity with expansion effect in lines was computed using atomic data from the Kuruzc’s list with
approximately 150,000 lines.
Stella solves the time-dependent equations implicitly for the angular moments of intensity averaged over
fixed frequency bands.No assumption of radiative equilibrium
We have calculated the grid of SN IIP models with the typical presupernova parameters:
• R = 100 ÷ 1000R
• M = 10 ÷ 25M
• MNi = 0.02 ÷ 0.08M
• E = 0.4 ÷ 2 × 1051 erg

The place of EPM in the succession of methods of the Distance Ladder
ζ(Tcolor): 37 models X 200 time steps
Plot Tcolor– ζ: D05 — solid line, E96 — dashed line, Stella— solid line (our new result is close D05)

Expanding Photosphere Method (EPM)
Step 1: find angular size of supernova
The EPM assumes that photospheric flux can be approximated by a modified black-body spectrum:
fobs = θ2ζ 2ν πBν (Tcolor)10−Aν
where ζ – distance correction factor (not only dilution).
Rph
The ratio of observable flux (fobs ) and fph determines the angular size of a supernova: θ = D =
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Observations give us the photometry of supernova: mobs = −2.5 log 0 d νfobs S(ν) + ZPS. Minimizing the
S
sum for set of {mobs
}(where S ∈ {B, V , I , ...}) we can get unknown parameters Tcolor and ζθ:
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Step 2: find linear size of supernova
Using the weak lines, it is possible to measure the
velocity of matter vph on the level of the
photosphere and find:
Rph = vph(t − t0)

Result: our ζfit
We have obtained the following coefficients for the approximation ζ(Tcolor):
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Bands a0

Example: EPM fitting for SN 1999gi

(1)

a1

a2
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a2

[B,V] 0.59 -0.59 0.48

[g,r] 0.69 -0.58 0.42

[B,V,I] 0.64 -0.38 0.30

[g,r,i] 0.72 -0.49 0.33

[V,I] 0.98 -0.77 0.39

Step 3: find D and t0 using linear
regression
i
θ
t i = D i + t0
v

Bands a0

[r,i]

0.82 -0.49 0.26

We confirm the “long” scale for EPM-distances.

ref: Bose, The Astrophysical Journal, 782:98, 2014
E96,

Correction factor ζ
E96, Hamuy et al. 2001 (hereafter H01), D05 have found the empirical dependence of ζ on Tcolor.
To get Tcolor and ζθ it minimizes the sum of:
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Diversity of Tcolor and ζ: D05 — solid line, E96 — dashed line:

Conclusions
• The “long” scale of EPM-distances is confirmed.
• There is a range of Tcolor, where ζ is weakly dependent on other parameters in the SN IIP envelope and is
determined by Tcolor.
• There is the excellent agreement in two independent numerical simulations: CMFGEN (Dessart, Hillier)

ref: Dessart, Hillier (2005)

and Stella (Baklanov, Blinnikov) for ζ(Tcolor)-approximation
• In addition to the standard Johnson {BVI} the approximations to ζ(Tcolor) are now available for any
combination of filters, for example, SDSS (g, r, i).
• The method of expanding photosphere (EPM) measures direct distances to SN IIP.
• EPM does not require complicated calculations and is appropriated for the data processing of large-scale
surveys (Pan-STARRS, LSST).

