High E flashes from
upernovae-Breakouts?

Boaz Katz
|AS, Einstein Fellow, Bahcall Fellow

N. Sapir, |. Rabinak, R. Budnik, E.WWaxman

MODIJAZ ET AL.

'FII’I‘ I 'THT‘

TI'IH’I! rmnq T

T TTTTTN TTI0
080109 XRT Rate [0.3-10 keV]

5
[
X
o
b
«
o
‘»
o
.
)
o~
-
o
=
>
S
0
(o)
£
£
3
-

——

< |-
WV | Chandra

H'II'TI | I"TrT" IHHHI‘ TT

10°




Observation: Some SNe
observed with high-E
flashes ("GRB”-SNe)

Theory:All SNe emit
high-E flashes at breakout

Are these related?



“GRB’’-SNe: diverse,

rare (except for 2008D)

SNe z |FOV (deg”2)
98bw | 0.008 800
03dh | 0.17 5000
O3lw | O.l 80

4000

log|O(E/erg)| T(s)
48 30
52.5 30 |(Grs
50 30
49.5




Note 10°° # 10*°

GRB = Gamma Ray Burst

GEC = Grass Eating Creature




Supernovae have good
high E potential

Potential:

b
1O5lerg, hy ~ e 50keV

I i
hu 'wy e ook g . + e* . (h l"-J ‘. -, | X '; . . — = f
<L " “. . jog ol & ~ ~ > ~.A_..‘.-- e & ‘t‘,,‘. = LIPPRLON Lo e : N
. " A - Ty ® -‘.‘ J s - -~ v.o = b Ay o i SV, L By 4 v
T N - e L B ) L e T RN AT gt BRI Ly e S -
. < P s - “




Why SNe are not high E bursts?

star Is very opaque

—2

RSP P . e " AR e g 5l PCE-L Y RN P Y. W K B sl A B i Lol JA S A

y BT Ona i L s B 7 > L_asis u. +u e Y o WU T 8 34 n i) Sl Bl mias 200 S adsl S iad Cl-a Nt mt 5o '

N i e T it S e e bt Bt o s L T o b S il e LR i et e R B R S A RS
. s ol Gl . Al 8L : e et ’




Breakout-beat adiabatic
losses




Breakout -Expectations




Ibc SN2008D-XRF080109

E ~2x10*erg t~200s R~3x10"cm \/

Main challenge: hard spectrum

[Modjaz et al. 09]

Clue: high velocity (v>0.25¢) from radio+X-ray afterglow

In addition, too big for WR, UV+optical



Fast breakout-
less photons- high [

Katz et.al. |0 Nakar&Sari 10

Steady state shock g2 Ol e



Breakout Details
Universal

Sapir et.al. | | Katz et.al. | |
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Breakout work

Stead Full star General
Y | Order of MFET .
State Particular Breakout
e.g. e.g.

Slow 4 13 4 Matzner&Mckee99 | Klein&Chevalier78 Lashe.r&Chan A

ol Sapir et.al. 10

7 Campana et.al. 06 | Ensman&Burrows92 st i

Nakar&Sari 10 Tominaga et. al. 09 e
Fast Weaver 76, Katz et.al 10 :
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Collisionless shock (leading to hard
emission)!?

Star? [e.g. Klein&Chevalier78]

No, radiation succsesfully accelerates

the matter ahead of the shock
[Lasher&Chan79, Epstein81]

ind?
- Wind!
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Wind breakout (PTFO9UJ?, Ultra

Lumious 1In?)-> can approach full
potential!

Katz et.al | |, Chevalier&lrwin 12, Svirsky et al. 12

E, — 10°'erg  hv — 50keV




Conclusions

® High E SNe breakouts- must exist, key to measure SNe
progenitors. Details: universal robust

e 2008D? Likely breakouts. High E: |.v>0.1, no time to make
photons. Details: fail. Wind? Asymmetry (see talk by A.

Suzuki)?
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