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Radiation Mediated Shocks (RMS)

A photon-plasma (1) Radiation dominated
2| upstream | 1nteract10ny | downitream
O D
% \ | : 'YE aTd > ng de
> | V| My jump condition yields
 Compton\_ = B, > 107%(
. scattering downstream |
« dissipation . l (2) photon trapping
tesion Vd tairf > teross = T > 1/Py

upstream plasma approaching the shock 1s decelerated by scattering of
counter streaming photons



Relativistic RMS (RRMS) (vy~ ¢)

e full radiation transfer calculation is necessary

¢ Klein-Nishina effect & e*- pair production/annihilation are important
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for photon-rich (Hot US) RRMS
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Today’s talk for photon-rich (Hot US) RRMS



RRMS breakout from a wind

quasi-steady approximation 1S
applicable for breakout

@ extended envelope, wind
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RRMS breakout from a wind

applicable for breakout
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Analytical Model of Granot, Levinson, Nakar 2018 (GLN18)

Reproduces iInfinite shock solutlons of Budnik+2010 and HI+2020
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Assumption
.I'>>1, steady
- Td ~ 100 - 200 keV => couterstreaming photon energy & ~ mec?

. Scatterback or pair converted pairs deposite theramal energy ~ n I'mec? (n ~ 1)
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Analytical Model of Granot, Levinson, Nakar 2018 (GLN18)

Reproduces iInfinite shock solutlons of Budnik+2010 and HI+2020
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Application to Spherical relativistic explosion model



Analytical Model of Granot, Levinson, Nakar 2018 (GLN18)

Reproduces infinite shock solutions of Budnik+2010 and HI+2020
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However

e Several crude approximations

e No numerical solution that can calibrate solutions fesc >0
e Spectra cannot be evaluated

This study
Monte Carlo simulations of RRMS for fesc > 0O




B

Numerical method HI et al. 2018, 20202,2020b

Give plasma profile (n,T,I')
1F
; l ]
@
| Solve radiation transfer using Monte-Carlo Method =
0.1 L unmodified __ 2;,
- modified — | | | :
unmodified —— | | | : l
3 modified | o .
o Evaluate deviation from energy-momentum conservation
S Iterate until convergence is achieved
Microphysics Assumptions
* Compton scattering with full Klein-Nishina * pure p-e plasma upstream
cross section * p-e(-e*) are single fluid with same temperature
* free-free emission & absorption * p-e-(e*) obey Maxwell distribution

Likely to breakdown near the subshock and when numerous pairs are

e a-_ ot : '
e - et production & absorption present (Levinson + 2020)
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RRMS with photon escape
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RRMS with photon escape
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RRMS with photon escape
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RRMS with photon escape

Spectra of escaped photons

escaped photons)
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- Ep ~ meC? is stable for due to regulation by pairs
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RRMS with photon escape

Spectra of escaped photons
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- Ep ~ meC? is stable for due to regulation by pairs

- Substantially softer than Wien or Blackbody below the peak f, « v0
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RRMS with photon escape

Spectra of escaped photons
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- Ep ~ meC? is stable for due to regulation by pairs
- Substantially softer than Wien or Blackbody below the peak f, « v0

- High energy extension at hv > Ep, due to Comptonization at subshock
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e Contrary to expectation, gap between GLN18 and numerical solutions increases with I

e oap increases with fesc

shock width At beomes more than an order of magnitude smller than GLN18



Comparison with GLN18
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e Contrary to expectation, gap between GLN18 and numerical solutions increases with I
e oap increases with fesc
shock width At beomes more than an order of magnitude smller than GLN18

Reason : Change in the deceleration mechanism
small I, fesc - collision between

counterstreming photon (€ ~ mec?) and advected plasma and photon
large T, fesc : collision among counterstreming photons
bulk of photons (& ~ mec?) and upscattered photons at subshock( e > mec?)



Comparison with GLN18

GLNI18 This study
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Comparison with GLN18

GLNT18
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Summary

* Detail shock structure RRMS with photon escape 1n 1s computed

- Shock width shrinks as I', fesc increases

* Spectrum 1s far from thermal (Wien or Blackbody)

Substantially softer than Wien or Blackbody below the peak f, «~ V0
High energy extension due to subshock

* Updates the previous predictions by GLN18

~ 200 s breakout duration, insensitive to the explosion energy

Relativistic explosion within 100 Mpc, may be detectable by MeV detector
e.g., Fermi, Amego-X, COSI, e-ASTROGAM
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Analytical Model of Granot, Levinson, Nakar 2018 (GLN18)
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Structure of RRMS (no escape: fesc = 0)

Comparison with Analytical Model of Granot, Levinson, Nakar 2018
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Effects of r-process elements

Bremsstrahlung photon production rate
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On the possibility of photo-disintegration

Departure from thermal spectrum

may dissolve r-process elements
However, we find the effect 1s

negligible for I'y < 6

Assumption

Heaviside function for the cross

section of photodisintegration
Oph = 15 mb for hv > 8MeV
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On the possibility of fission/fusion by 10n-10n collision
(Granot et al. 2024)

shock is fast enough, 3, = 0.2, collisions between neutron rich iso-

Y

topes just behind the shock can trigger fission and fusion, leading to

Granot et al. 2024 (Analyt1ca1 Multi-fluid)
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