There are two physical width-luminosity

relations for type Ia supernovae

and they favor Collision and sub-Chandrasekhar
models

Nahliel Wygoda'?, Boaz Katz?, Yonatan Elbaz?

1 - Yale Astronomy department
2 - NRCN, Israel
3 - Weizmann Institute of Science, Israel



Width Luminosity Relation (WLR) - unsolved problem

* “standard” WLR - B__. vs. Am, (Phillips ‘93): “Brighter 1s Slower”.
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Radiation transfer 1s challenging oM, DD, Dossart 14
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°°Ni sets the brightness
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But what sets the width?



There are two timescales (widths)

* Bolometric: y escape time

* Color: Recombination of N1/Co/Fe (from 2 to 1 1onized)

* Set by two column densities:
* Total column density.
* Ni column density.



There are two timescales (widths)

* Bolometric: y escape time

* Color: Recombination of N1/Co/Fe (from 2 to 1 1onized)



Decay, deposition, bolometric lightvcurve
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The gamma-ray escape time t,

Q depf‘decay
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* But t0 is set by ejecta geometry
(avg. column density from °Ni).

« = Late bolometric light curves
constrains ejecta geometry.



Extracting t, from lightcurves
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SNIa have t,=40

Well Observed Supernovae
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Collisions / sub-M_,, consistent, M, not
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A word on 2D effects (for collisions)

Bolometric

Inferring t,
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* Up to ~30% difference in
bolometric light curves
(even at late time).

* Additional ~10% scatter
in t,
(and ~25% in *°Ni).



There are two timescales (widths)

* Bolometric: y escape time

* Color: Recombination of N1/Co/Fe (from 2 to 1 1onized)



Color: striking break in B-V

Observed (B—V) (mag)

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

Days after B maximum

Note - Pskovskii ‘77

Burns ’14

;_l | LI l T l:l T [ T IISNélol()[Glblllll lll[l T | T |:l T ] LI | ISIlNIZIOI(l)ISMI: T I T T T :l I T T T T I T T l‘r\' Ur[dafl—
E | Am,; =141 ! Am,-=0.85 3 i [ Ao |
; o 1 : T, 30¢ . 9 |-
3 * 1% ' “ E g e e el s I E
= o | » i' K 5 3 3 | O ss
E : b » : “ - S i : Filled: HV | |
I ? ERE : '
O : i % 20 ; .
::‘?“l.%ll%}l%:%l}%li%ll%!llHH "IHIIH:H'HHIHHIIHE (<) i : Ay j
E e SN2006mr & | SN2005ke] £ i ! 4= N
;_ ’...‘: Am,,=1.82 P ..L Am,; =1. 'f'7_E - : i PR :
= . L = ! S N—
E :ﬁ+¢0# ¢ | .°'°\. = 1or 1 | 1 L 1 o L
E | ° | E 1 1 1 1 1l 1 1 1 1 1 1 1 1=
3 ~,
4 i ¢++++ + K 5 "o 0.8 1.2 1.6 2.0
— : . : — Amy;(B)
:_.I...I.:..I....I..;.I.... | I..:..I.H.l....ln..._:

0 20 40 60 80 0 20 40 60 80



max

tbv 1s robust
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Color break time (tbv) 1s recombination
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2D effects - B-V curves and break time
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Recombination can be simply predicted
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So what 1s the WLR?
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Summary - two WLRs:
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Thank you!



