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DoTOMETpUYECKOE pacCTosHNE

Onpepenexne
Mo onpenenennto boTOMETPUHECKOE PACCTOSIHME 3TO

Y S
L™ 4710044 F,

rae L, - abcontoTHas CBETUMOCTb UCTOYHUMKA, F,, - 3aperncTpmpoBaHHbIii
HabntogaTenem noTok, A, - MeX3BE34HOE MOrJIOLWEHNE.

Kocmonorusi
3aBUCMMOCTb MEXZAY KpacCHbIM CMeleHneM (z) n di, onpegensiercs
KOCMOJIOTMYECKOU MOLENbIO:

dL(2)(Qm, Qpe, W(Z))|theory

Habntogenuns patot di (z)(observed), n3 KoTopbix Mbl MOXEM MONY4UTD
napametpbl Mogenu Q,, Qpe, w(z), n T.n.
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Supernova 1998ba
Supernova Cosmology Project
(Perlmutter, et al., 1998)

3 Weeks
Before

Supernova

¢ (as seen from
* telescopes
on Earth)
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Discovery
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M. Baknanos (petr.baklanov@itep.ru)

SN la: ycnex meTtoga

Hobenesckast npemus no cpusnke 3a 2011 roa

"for the discovery of the accelerating expansion of the Universe
through observations of distant supernovae".

Adam Riess
Riess, Adam G., et al.

Observational evidence from
supernovae for an accelerating
universe and a cosmological
constant.

The Astronomical Journal,
116(3), (1998).

FAULL, Mocksa

Saul Perlmutter
Perlmutter, Saul, et al.

Measurements of Q and N\
from 42 high-redshift
supernovae

The Astrophysical Journal,
517(2), (1999).

4 mapta 2014



SN la: cTanpapTHas cBeya

B Band

TpebosaHus P —

7

as measured

> Kpueble bnecka 6ausku no

CBETUMOCTIU 1 MOXOXM MO E"B
dbopme s v,
s
> [poueaypa cTaHgaptusauyun " ColonToloo SNe I K
CBETUMOCTN - cooTHOoLeHune PP T 5 m o ©
MeXJy LNPUHOW MaKCUMyMa 720 "
KpuBoi Bnecka n ero . _.«"""k.k lght curve timescale
YT Ton VI i /V ’-., { “stretch-factor” corrected
» Heobxogum bonbnii Habop z B ‘(\_‘
SN la ¢ nsmepeHHbIM £ ”‘."gm..,,...
HE3aBMCUMbIM COCO6OM 8 R
paccTosiHueM s
0 . 20 w ©
> BTOpu4HbIA N3MepUTENbHbIN v m, etal- (1997

VNHCTPYMEHT (Credit: SCP, http://panisse.lbl.gov/public/)
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SN la: cTaHmapTHas cBeda
}Opmﬁ Masnoeuny, TAVLL

Mckoscknii

BB

TpebosaHus
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dopwme
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KpuBoii Onecka u ero
aMnAnTypoi

» Heobxogum bonbnii Habop
SN la ¢ usmepeHHbIM
HE3aBMCUMbIM CNOCOOOM
paccTosiHuem

> BTOpu4HbIA N3MepUTENbHbIN
WNHCTPYMEHT
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LLlkana paccTosiHuii
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LLlkana paccTosiHuii
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SN Ilp + SN IIn

MeTtoabi:

» SN llp — npsamoii reomeTprnyecknii METOL pPacLLNpPsOLLMXCS
doTocdep
Expanding Photosphere Method (EPM)

> SN IIn - HOBbIV NPsIMOI reOMETPUHECKUNIA METOL, NAOTHOFO
cnosi

Dense Shell Method (DSM)

M. Baknanos (petr.baklanov@itep.ru) FANLL, Mocksa 4 mapTta 2014
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SN llp: cTpykTypa

Core Structure
H Fusion
| He Fusion
J"r C Fusion
He Fusion
0 Fusion
Si Fusion
Iron Core

Jupiter's Orbit

(Credit http://www.uni.edu/morgans/astro/course/Notes/section2/new9.html)

M. Baknanos (petr.baklanov@itep.ru) FANLL, Mocksa 4 mapTta 2014
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SN Ilp: ynapHasi BosHa pa3roHsieT BeLECTBO 000104KN

SN 1999em: TMpodunb ckopocTn v no paguycy 0bonoyku
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SN Ilp: ynapHasi BosHa pa3roHsieT BeLECTBO 000104KN

SN 1999em: TMpodunb ckopocTn v no paguycy 0bonoyku
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SN Ilp: ynapHasi BosHa pa3roHsieT BeLECTBO 000104KN

SN 1999em: TMpodunb ckopocTn v no paguycy 0bonoyku
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SN Ilp: ynapHasi BosHa pa3roHsieT BeLECTBO 000104KN

SN 1999em: TMpodunb ckopocTn v no paguycy 0bonoyku
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SN Ilp: ynapHasi BosHa pa3roHsieT BeLECTBO 000104KN

SN 1999em: TMpodunb ckopocTn v no paguycy 0bonoyku
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SN Ilp: ynapHasi BosHa pa3roHsieT BeLECTBO 000104KN

SN 1999em: TMpodunb ckopocTn v no paguycy 0bonoyku
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SN Ilp: ynapHasi BosHa pa3roHsieT BeLECTBO 000104KN

SN 1999em: TMpodunb ckopocTn v no paguycy 0bonoyku
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SN Ilp: ynapHasi BosHa pa3roHsieT BeLECTBO 000104KN

SN 1999em: TMpodunb ckopocTn v no paguycy 0bonoyku
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NcTunnas dotocdepa

PoToMETPNHECKOE PACCTOSIHME

L,
. = \/ 4nF,(dv)

C doTtocdpepoii Ry,

L, = 47R%, F, (Ron),

rae Rpon- paamyc dotocdepsbl
F, (Rph)

dL = Rph 7;_’ (dL)

Vrnosoii pasmep 3ee3abl 0:

BW: N3 ussectHbix F,(dr,) n
Fu(Rpn) = 0.

Ecan Ry, moxHo nsmeputs, TO
n3 (1) MOXHO BbINMCANTD
paccTosiHue dr,.

M. Baknanos (petr.baklanov@itep.ru) FANLL, Mocksa 4 mapTta 2014
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SN Ilp: MeTtog Pacwwpsitownxcs dotocdhep

Baade(1926) — Wesselink(1946) — Kirshner & Kwan (1974).
(Expanding Photosphere Method, EPM)

WNcnonbays cnabbie nuHum, MOXXHO MOMEPUTL CKOPOCTb BELLECTBA
Ha ypoBHe doTocbepbl U 1 BbINUCANTE Rpp:

Rph = U(t* t0)+R0,

rae to - MOMEHT B3pbIBa, Ry - HaYaNbHbIA paguyc NpefcBepXHOBOIA.

R
Toxxe camoe, HO yepes § = dih:
L

0.
ti = del_ + to

uj

M. Baknanos (petr.baklanov@itep.ru) FANLL, Mocksa 4 mapTta 2014
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SN Ilp: MeTtog Pacwwpsitownxcs dotocdhep
Baade(1926) — Wesselink(1946) — Kirshner & Kwan (1974).
(Expanding Photosphere Method, EPM)

Metog EPM ucnosb3yer npeanosoxeHnne o guir0TUPOBaHHOM
4EPHOTENLHOM CMEKTPE:

Fu(Ron) = 1By (Te)

roe ¢ — koppekTupytowmii kosduunert( cakrop guntoumnn), T —
uBeTOBast Temnepatypa (n3 HabntoaeHuii)
PakTOp AUAIOLMN HAXOAMTCS N3 MOLENMPOBAHNS CBEPXHOBbIX:
J = fooo J,dv - MogenbHbIil HyN€BO MOMEHT MHTEHCMBHOCTM
T = ISr> | x ~ 3.8324 (ans ueproro Tena)
<v>= [Cvhdv/J

= wJ
> oTA

M. Baknanos (petr.baklanov@itep.ru) FANLL, Mocksa 4 mapTta 2014 15



EPM: koppensiunoHHast 3aBnCMOCTb

Eastman R. G. etc 1996 Koppensiuma ¢ — Teolor

Ha ocHose 60-Tun ;E{'r'vwlll[!wv
pajnaunoHHO-TUAPOANHAMUNYECKUX ik |
MOAeIeli MOCTPOeHa Koppensuus C %; ]
mexay ¢ — Teolor L %é I ]

3 ?9 %%ng
MNonyyenHas 3aBucMMoOCTb <
no3BosisieT be3 CIOXKHbIX PacyETOoB, ] |
nMes ToNbKO HabnopeHus,
Bblyncantb gakrop (. p

30

Meton EPM poctyneH pgns E fE
MaCCOBOIO NPUIMEHEHNS. E 1o

5000 10000 15000
T(BV) K]

FI1G. 34—Top: Distance correction factors for the bandpass com-
bination § = {BV}, vs. BV color temperature. The squares are the model
results from Table 4. Crosses connected to squares by solid lines show the
value of {,, computed by fitting eq. (4.4) to the values of Table 4. Dashed
line shows the derived temperature variation, z(Tyy), which is a second-
order polynomial (vertically scaled). Bortom: Difference between computed
and fit value of {4, in percent.

M. Baknanos (petr.baklanov@itep.ru) FANLL, Mocksa 4 mapTta 2014 16



M. Baknanos (petr.baklanov@itep.ru)

EPM: ycnex metoza

MeTtogom EPM nonydeHbl He3aBUCHMBbIE OLIEHKW Ha MOCTOSIHHYHO

Xabbna Hy.

Ho = 73+ 6 km/s/Mpc
Schmidt, Brian P., et al.
The distances to five Type Il
supernovae using the
expanding photosphere
method, and the value of Hy

The Astrophysical Journal 432
(1994): 42-48.

FAULL, Mocksa

¢ — Teotor correlation
Hann Teopetnyeckoe
obocrHosanne EPM n

NOATBEPANAN PE3yNbTaT
Schmidt

Eastman R. G., Schmidt B. P.

and Kirshner R.

The Atmospheres of Type Il
Supernovae and the
Expanding Photosphere
Method

Astrophysical Journal v.466,
p.9116 (1996)

4 maprta 2014
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EPM: pasbpoc B pacctosiHusix go SN 1999em
MpekpacHo nayyernnas SN 1999em B ranaktuke NGC 1637.

Pacctosanne D go Sn 1999em: pasvuua 8 50%

Nctounnk D [Mnk] Merop
Tully (1988) 89L16 TF
Sohn,Davidge (1998) 7.8+1.0 TRGB
Hamuy et al. (2001)  8.2+0.6 EPM
Leonard et al. (2002a) 7.5+0.5 EPM
Nadyozhin (2003) 11.14+2.2 Plateau-tail
Leonard et al. (2003) 11.7+1.0 Cepheids
Elmhamdi et al. (2003) 7.8+ 0.3 EPM
Baron et al. (2004) 125+1.8 SEAM
Dessart, Hillier (2006) 11.5+1.0 EPM
Saha et al. (2006) 12.0£0.4 Cepheids
Jones et al.(2009) 93+05t0139+1.4 EPM
Tully (2009) 9.8+ 16 T-F
Springob et al. (2009)  17.1+3.0 T-F
Enriquez, J. E. (2010) 11.5+1.0 EPM

M. Baknanos (petr.baklanov@itep.ru)

FAVLU, Mocksa

4 maprta 2014
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EPM: comHeHne B JOCTOBEPHOCTM MeTOAA
Passutune EPM — Het yepHomy Teny.
B meToge BocnpousseaeHnsi CNeKTPOB pacLumpsiiownxcs aTmocdep
(Spectral-fitting expanding atmosphere method, SEAM) B mogenu
NoAroHsIeTCs BeCb HabntofaemMblli CNekTp.

Mpumensss SEAM Bapox nony4un Bonpoc
paccrosiiue go SN 1999em
D =1254+1.8 Mpc. g Ry, 7By Teolor)

Baron, E., Nugent, P. E., Branch, F,(observed)

D., Hauschildt, P. H.

Type IIP supernovae as cosmological =~ KOPPekTHO nn npumensTe EPM 6e3

probes: a spectral-fitting expanding y4€Ta U3MEHEHNA JuaoLun npu
atmosphere model distance to SN MaCCOBOIA OLEHKE pacCTOSAHUSA st
1999em. pa3HbIX CBEPXHOBbIX?

The Astrophysical Journal Letters, OTgeT: HeT

616(2), L91, (2004).

M. Baknanos (petr.baklanov@itep.ru) FANLL, Mocksa 4 mapTta 2014 19



EPM: koppensiuns ¢ — T, He BbinOAHSAETCS

Hawe unccnegosanmne SN 1999em, pacuér
PaANaLNOHHO-TNAPOSUHAMUNYECKNM KOLOM STELLA

¢ ans mogenn SN 1999em Paccrosime go SN 1999em
CE% ¢ BBO5

Date (1D 2451000+)

481.2 0.45 050 Mbi nonyunnn d = 10.4 =1 Mpc,
485.863 0.424 052 41O Xxopowo cornacyercs ¢ SEAM!
486.767 0.42 0.55 [na KaXkgoi cBepxHOBOW Hago
517.795 0.65 0.86 noabmpatb MHANBUAYANIBHYIO
530.755 0.75 0.89 Mogenb (KaTanor CBEPXHOBbIX).
540.7 0.8 0.89 Habniogenns pomxHbl

575.42 0.88 0.80 MaKCHMaJlbHO OrpaHN4MBaThb

CBOOOAHbIE NAapaMeTpbl MOZENN.

Baklanov, P. V., Blinnikov, S. I., Pavlyuk, N. N. (2005).
Parameters of the classical type-1IP supernova SN 1999em.
Astronomy Letters, 31(7), 429-441.

M. Baknanos (petr.baklanov@itep.ru) FANLL, Mocksa 4 mapTa 2014 20



SN Ilp + SN IIn

MeTtoabi:

» SN llp — npsamoii reomeTprnyecknii METOL pPacLLNpPsOLLMXCS
doTocdep
Expanding Photosphere Method (EPM)

> SN IIn - HOBbIV NPsIMOI reOMETPUHECKUNIA METOL, NAOTHOFO
cnosi

Dense Shell Method (DSM)

M. Baknanos (petr.baklanov@itep.ru) FANLL, Mocksa 4 mapTta 2014

21



SN IIn— cBepxHoBbie C y3kumu (narrow) npouasimm nuHNA
N.Smith et al., arXiv:0906.2200

SN 2006gy Ha proﬂle Line structure

SN2006gy

Ha

4-5000 km/s

Day 179

Day 154 |
Day 125
Day 96

+“——e
200 km/s

Normalized Flux

6 -4 -2 0 2 4 6
Velocity (10° km s7) -4000 km/s 0 km/s +4000 km/s
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SN 2009ip- npumep SN lin

SN 2009ip

= 2005cs
4351 . 109085
§  2009ip L ‘“«...“‘
» [JlBa BCnnecka ¢ uHTepBanom 1 430 et
Mecs o
L | 425 f 2012b
o event
» 1 Bcnneck: BbIGPOC Macchl 5 ;
542-0 2012a 5
nopsagka 1.5 M@ Ez event
415 = & 4
> 2 BCMJIECK: CBEPXHOBas, "‘-é?_ LT o e
yAapHas BOJIHA OT KOTOPOI al g by
6eXXnT No BEWEeCTBY U3 NepBoro aisl
40 60 80 100 120
Bb|6poca days [after JD 2456100]
FIG. 4.— Bolometric light curve of SN 2009ip from August
to October 2012 (showing both the 2012a and ZUIZb events),
ith the bolon I
n arbitrary temporal scale to
wcll nntch rcspocmclv thc 2012a and 2012b eruptive events of
SN 2009ip.
(Credit: Pastorello, arxiv:1210.3568)
M. Baknanos (petr.baklanov@itep.ru) FANLL, Mocksa

4 maprta 2014 23



DSM: our simulations, model sn09ipbp3

The model presupernova star had Renv = 7T00Rg, Mep, = 1.3Mg),
Epurst = 105lerg

Density and composition The light curves

F T : . -20 ————————
I sn09ipbp3

|
@

=)
1
T

3
ltfﬂ p. F/cml
®

-
T
1

—18 [ . g
| — | 1 £
o0 05 i He 2
H «
. ]
B3
-]
2 LL o 1
Ne
-3k Fe |
1 I I i !
[} 0.5 1 0 50 100 150
M,/Mg t, days since 2012 Sep 19
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DSM: the formation of the Dense Shell (DS)

Shock wave

» The DS is moving along
radius (density-black)

» The photosphere is glued
to the DS (optical
depth-red)

» Temperature is
approximately constant
(temperature-green)

» Thus Baade-Wesselink
method can be applied at
these conditions.

M. Baknanos (petr.baklanov@itep.ru)

Evolution of model sn09ipbp3

T
[ 10 days

|
©

, log p. Ig/cm’

12 - 20 days

, log p, g/cm® |
=

12[ 40 days

, log p.ln/wm’ ,

log r, cm

FAVLU, Mocksa 4 mapTta 2014
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SN IIn and Dense Shell Method (DSM): short introduction

The method of measuring cosmological distances based on
supernovae of type lIn.

Sn lIn Baade-Wesselink's idea

» SNe lIn are one of the type of
supernovae, which indicates the
presence of narrow emission N
lines in the spectra. AR,y = / Vphdt

» SNe lIn are one of the most f

vph — Doppler shift

powerful light sources in the 0 — Ron | Fu(dL)

Universe. TodL Fu(Ron)
» SNe IIn have very bright the _ _

light curves for months. Simple version of the DSM:

» SNe lin may be used as primary R(t) — R(t1)

) ey Vor(t2 — t1)
distance indicators. P

Fy(dL) = 7"'CzBu(T(:olor)

M. Baknanos (petr.baklanov@itep.ru) FANLL, Mocksa 4 mapTta 2014 26



Papers

The method has been tested at the two famous supernova with the
known distances to the host galaxies.

SN 2006gy SN 2009ip
Dpost = T1Mpc Dpost = 20.4Mpc
Our result: Our result:

Dpsm ~ 68112 Mpc Dpsm ~ 20.1 + 0.8Mpc
Blinnikov S., Potashov M., Potashov M., Blinnikov S.,
Baklanov P.,Dolgov A. Baklanov P.,Dolgov A.

Direct determination of the Direct distance measurements
hubble parameter using type to SN 2009ip
IIn supernovae MNRAS, arXiv: 1212.6893

JETP, arXiv: 1207.6914

M. Baknanos (petr.baklanov@itep.ru) FANLL, Mocksa 4 mapTta 2014
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Nonequilibrium radiation field

The conditions in the envelope ~ Model evolution: Ig(T) — Ig(p)

5

» Density: p < 10712g/sm~3
» Temperature: T ~ 10*K

> 7-J <T< 7_color
(cTTf,l =7nJ — A,
Teolor — bb fit of J, — *)

1g(T), K

We have the hot diluted radiation in
the cold matter.

LTE conditions are not satisfied.

M. Baknanos (petr.baklanov@itep.ru) FANLL, Mocksa 4 mapTta 2014 28



Equation of state

Using code Levels by Marat

Potashov, we compute two variants lon populations Ny [cm—3],
of plasma state WITH/WITHOUT with collisional / no collisional
the collisional processes for the same H

1.01 1.7161e+08 / 1.7735e+09

_ e 1.02  5.6416e+03 / 5.6815e+03

chemical composition and 2.01 1.8353e+11 / 1.8193e+11
He

1.01 1.0393e4+11 / 1.0392e411

2.01 2.5296e+07 / 2.5517e+407

C
Non-LTE approach 1.01  3.4388e+04 / 3.4085e+04

1.02 3.4781e+03 / 3.4475¢4-03
Under these conditions the role of 2.01 1.5254e4-08 / 1.5254e4-08
2.02 2.4570e+05 / 2.4570e4-05
3.01 4.2105e+03 / 4.2474e+03
neglected. Fe

1.01 1.8969e+00 / 1.8682e+00

2.01 1.7754e+06 / 1.7636e+06

2.02 1.1765e+06 / 1.1687e+06

3.01 1.1634e+07 / 1.1658e+07

initial conditions on density,

temperature.

collisional processes can be
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Equation of state: Non-LTE approach
Modified nebular approximation, Lucy (1999)

Adopted excitation formula:

ju hv
1]
n{ = W 7g.” e_ kTr:d

o

Adopted ionization formula:

1 1 3/2 1/2 i
N, 77W2UJ+ (27 mekTraq)® < T ) / rl
N U h® Trad
Te - electron temperature
h
Trad = %
T} = %J - effective temperature
W = —ZL_ _ dilution factor
UT4

<v>= fo l/J,,du /d, J,fo Jodv
n=0+W(1-)
¢ - fraction of recombinations going directly to the ground state
x =2 3.8324
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Model sn09ipbp3: Non-LTE calculation

Influence of Non-LTE

» The higher ionization makes it less
transparent. T shows more rapid
growth.

» The higher opacity increases the
radiative corrections in the equation
for v.

> Velocity v has raised a little.
> The DS is shifted along the radius.

Stability of DSM

» Important dR, not absolute value R

» Temperature T, Luminosity L have
not changed significantly

So DSM method works well with
the simple assumptions.

M. Baknanos (petr.baklanov@itep.ru)
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SN 2010jl: discovery

SN 2010jl: A Supernova Cocoon
Breakthrough

» Newton and Puckett discovered
SN 2010jl on 2010 November 3.

> It exploded in the irregular galaxy
UGC 5189A at a distance of
50 Mpc

> Spectra on 2010 Nov 5 show that
it is a Type lln event [Benetti et
al. 2010]

» Chandra have provided the first
X-ray evidence of a supernova
shock wave.

» The total V-band extinction was
estimated to be Ay = 0.084™
[Ofek et al. 2013] Chandra

http://chandra.harvard.edu/photo/2012/sn2010
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SN 2010jl: optical light curves [fig.1 Ofek 2013]
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Fra. 1.— Optical light curves of SN2010jL. The black filled cirles and magenta filled circles represent the PTF measurements, which are based on image
subtraction. In this case the uncertainties include the Poissom error and a 0.015 mag systematic error added in quadrature (Ofek et al. 2012a, 20112h). See the
legend for ASAS and Swift-UVOT measurements. The gray lines show the best-fit broken power law to the PTF R-band data. The power-law index before (after)
the break is —0.38 (~3.14). The power-law break is at day 344 (with respect to MID 55474). The epochs of the Chandra and NeSTAR+ XMM observations are
marked by vertical dotted lines. The right- haml ordinate axis shows the bolometric ]ummmuy for the PTF R-band data. assuming the bolometric correction is
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SN 2010jl: DSM

The parameters of the observations
[Smith et al. 2010, Ofek et al.2013]

> t; =107 Fy(t;) = 13.7™ [fig. 1

Ofek]

> t, = 149 Fy(t,) = 13.6™ [fig. 1
Ofek]

» T =7000 K [fig.3 Ofek,
fig.2 Smith]

> vpn = 5.5 x 108 sm/c [fig.12 Ofek]

Result (preliminarily)

DSM: blackbody approximation
Simple version of the DSM:

R(t2) — R(t1) Vph(t2 — t1)
FV(dL) = 7"-BI/(Tcolor)

) Ru _ [Rld)
dr, FV(Rph).

Dpsiy = 49Mpc (studies is underway)
(Dhost = SOMPC)

M. Baknanos (petr.baklanov@itep.ru)
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Fluorescence: prospects

In STELLA's radiation equations we use the invariant photon
distribution function £,(r, p1):

2
10f 8f+_1 ru (1_>qu>

of  v(l+ Qu)vof
cot Mar c o v

o cr v

="M — X;D/Otf

Total opacity:

tot __ . scat abs
XV - XI/ + XI/
and we use emission as

me = XEBT) 4,

No fluorescence, no re-emission in other frequency bands
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Fluorescence

Replace v — k - number frequency group
Mk Xk BVk + Xscat‘jl/k + Zxﬂuor Vit

X’ﬁ;’gr - an analogue of the cascade matrix, it's show which part
absorbed energy in k-group would be emitted in k’-group (see
Pinto, Eastman (2000)).

M. Baknanos (petr.baklanov@itep.ru) FANLL, Mocksa 4 mapTta 2014
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!

LK,
Fluorescence: g,

k

Summing all atomic transitions over the frequency bins we get g :

Kk v OB .
Xfluor — 55 Z (1 —€ ’I) (1 - 6U,/) Z bu,l/

(v{u,)}e(Av)) (V{u.l'Ye(v, v +0v))

Where: next slide
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Tu,l

Pul

!

LK,
Fluorescence: g,

hc (nIBl,u - nuBu,l)
47 |Ov/or|
Sobolev optical depth
1—e7d
Tul
escape probability for a photon emitted
Ne Z/ Cu,l
Ne Z/ Cu,l + Z/ pu,lAu,l
the probability of de-excitation by electron impact
pu,lAu,l
Z/ pu,lAu,l
photon-emission probability

M. Baknanos (petr.baklanov@itep.ru) FANLL, Mocksa 4 mapTta 2014
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k/
Fluorescence: g,

1g(X),[A] out
X fluor

107

L L 10—30
10° 10*

Ig(A),[4] in
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Fluorescence: self-testing

For self-testing fluorescence can be computed under LTE.
When:

—Xtot By, + Xabs By, + Z Xﬂuor v = 0
k/

Then, for each k must be equal the following sums:

k' k
BVk Z Xﬂuor - Xﬂuor BVk’
k/

M. Baknanos (petr.baklanov@itep.ru) FANLL, Mocksa 4 mapTta 2014
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Fluorescence: self-testing

6 .

-8
10 g

-12

-14

-16

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

/
Blue line is By, Zk’ X’{;uli)r

k
Green line is ), XﬂuorB,,k,
Good agreement!
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3akno4eHne

CeepxHoBble Tuna |l MoXxHO ncnonb30BaTh, Kak NpsiMoii cnocob
N3MepeHns paccTosiHuii Bo BceneHHoii.

SN llp TpebyeT feTanbHOro MOAENNPOBAHNS KaX A0 CBEPXHOBOIA.

[ns oueHkmn pacctosiHus metogom nnotHoro cnost (DSM)
BO3MOXHO CMOJIb30BAHNE YEPHOTENLHOrO NPUDINIKEHNS HA paHHEl
haze kpueoii bnecka (MomeHT Bbixoga YB).

DSM 6bin ycnewHo onpobosan Ha 3 ceepxHoBbix: SN 2006gy,
SN 2009ip and SN 2010jl.

B ycnosusax Tunuynbix gns sHewHux cnoes SN IIn B npouecce
3BOJIOLMN PASMALMOHHBIE NPOLECCHI HAYMHAIOT JOMUHMPOBATH HAag,
yAapHbIMU, YTO NO3BOMSIET NCMONbL30BaTh MOAUKULMPOBAHHOE
HeOynsipHoe npubnumxenune ans pacyerta HeJITP adbdpekTos.

B panbHeiwem HeobxoaMMO BKAOHYNTL (DAKOOPECLEHLNIO B HALLE
MOAENNPOBAHME.

Cnacnbo 3a BHumaHme!
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