Effect of Rotation on Core-Collapse Supernovae in 1D Simulations

PHYSICS FRONTIER CENTER Ya ra Ba\X/aZI [ I—u Cd B OCC I O ll

University of California Berkeley

Background Non-Turbulent How is rotation accounted for in 1D?
Massive stars end their lives when their iron core exceeds their effective Chandrasekhar 1506 15b6 We prescribe an angular-velocity profile, based on:
mass and undergo collapse. Rapid electron captures drive deleptonization until, around 500 - . 10 - o 2\ 2 11
nuclear saturation density, a bounce occurs, collapse is halted, and a shock wave is = 400 szr—oﬁl%o.lg o 7 . szr_ofu%o_lg oo QR)=Q. | 1+ (Z) 7
launched. ~ — 0.=02 — Q=2 > — 0.=02 — Q=2
The shock quickly loses energy by photo-dissociating iron and gains energy from the r%; 300 S ° where . is set manually (as seen in the plots), and A'is found by:
hot neutrinos streaming out of the core. To achieve an explosion, however, neutrino-  200- ga 44 A= 102 0.741 % 1000 k h B M /Mg
driven convection is needed S = = [ 10285 +0.74] m, - with - &y = R(M, = M) /1000 km
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We simulated the collapse in spherical symmetry with GR1D (O’Connor, 2015). Con- = GR1D then converts §)(r) into an Eulerian azimuthal velocity
vectionis included using STIR (Couch et al., 2020), and rotation is included as described Oo,o 01 0.2 0.3 0.4 0.5 0.6 00-.0 0.1 0.2 0.3 0.4 0.5 0.6 . o W, 1)
using an effective 1D model. Time post bounce (s) Time post bounce (s) USO(T) =7 (T>> ur = r
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Figure 2. Top: Shock Radius. Bottom: Neutrino Heating Rate, and builds this into the Lorentz factor:
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From there, the code evolves the angular momentum density.
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g 400 Q.= 2 8- and adds the averaged centrifugal acceleration into the radial-momentum equation.
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= Lower Neutrino Emission: Centrifugal support makes the PNS less compact, so
o M15b6 . M15b6 neutrinos are.emitted at larger radii. Hence they will have lower luminosities and
~ -0 — o-o05 smaller energies.
§4oo L 84 Qprei® =019  —— gj * Weakened Heating & Convection: Since gy o< L, (E,)?, reduced neutrino
~ qL) — 0Q,=0.2 T AT . . .
2 300 i 6 output lowers gain-region heating.
O —
g 200 E’ 4- Net Outcome: In 1D, rotation generally helps the shockwave when no turbulence is
< 100 5 . present, but when turbulence is taken into account, it supresses the shockwave, and
” = at fast rotation speeds (€2, of over 2), it can stop the explosion from happening.
Figure 1. Schematic illustration of the stalled supernova shock evolution after core bounce. Stellar 0 - . - . - 0 - . - . -
matter falls inward through the shock at radius R, with mass-accretion rate M and near free-fall 0-0 04 %rzne pos(t).l:_?)ounce(z;sz; 0> o6 >0 - (%ifne posglliunce (();)L > > Ref
velocity. After deceleration, the post-shock gas is advected toward the PNS, traversing a ererences
net-neutrino-heating region above the gain radius R, and a net-cooling region below it. The
proto—negtron—star rad|.us R 1S deﬁﬁed by the steep den5|.ty .drop outside the neutrinosphere at. R, 500 m15u6 10 m1l5u6 Couch, Sean M. et al. (2020). In: The Astrophysical Journal 820.2, p. 127. DOI: 10.3847/
(dashed circle). Convective overturn in the gain layer and within the neutron star enhances neutrino Y 75N — Q.=3 0,205 — 0.=3 1538-4357/ab609
luminosities and aids shock revival. 'S 400 =1.0/ — Qurofile) — g 18 v g 0,=1.0 - Qrofile) =18 , a ©. , ,
g ‘ o  0.=2 ‘ O’Connor, Evan (2015). In: The Astrophysical Journal Supplement Series 219.2, p. 24.
Simulated Progenitors: é 300 58 6 - DOI: 10.1088/0067-0049/219/2/24.
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= m15bé: 15 Solar Mass star at solar metallicity with initial rotational velocity of O =
200 km/s and a non-zero magnetic field. % 100 £ 2]
= m15e4: 15 Solar Mass star at solar metallicity with initial rotational velocity of 0 - . - . . 0- . . . . .
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= m15ué: 15 Solar Mass star at solar metallicity with initial rotational velocity of

300 km/s and a non-zero magnetic field. Figure 3. Left Column: Shock Radius. Right Column: Neutrino Heating Rate
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