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Signatures: high velocity compon
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(from Piran et al. 2019)

@ Broad absorption lines as markers in CCSNe;

@ Energy-velocity distribution from broad absorption lines;
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(from Bromberg et al. 2011)
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Simulation setup

0
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2D cylindrical RHD simulations performed with
PLUTO (Mignone, 2007):
@ jet injected through a nozzle with ¥; = 71'rj2 ;
o jet density injected via:

Lj ij2
pihi===—7  Pi=(h-1)=— (4)
erajC?’
with o j = 1/(1.46;), hj = 100 §
o Stellar density profile: "
Re 4 i for R< R

,D(R) — Px ? - =+ po, or > My
P05 for R> R« .

(5)
o given given the physical scales R., p«, Eo, o,
te, we can scale the parameters of our system
R« = AR, Ey = nE{ such that t. = At} and )
ps =nA73p, to fix L and zg, /Re. e \

(from Harrison et al., 2018)
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Simulating a choked jet

Injection and stop
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Simulating a choked jet

Cocoon expansion and breakout
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Simulating a successful jet

Z[10%°cm]
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@ Successful jet spreads its high-I'8 material outside and sideways

@ Signature holds for some time till substantial deceleration
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Energy-velocity distribution
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e Given By = \/2E/Mc? and assuming {(p«) > (pcocoon) We get Bbo =~ Bo v
bo

o cutoff around ~ 1/4max(dE/d log 3);
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lume and correlation with

Cocoo
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o Correlation between SI-cutoff and volume;
o Correlation between chocking height and shocked volume at t = t},,

in stellar envelopes 32nd Texas Symposium hanghai, China
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Effect of density profiles
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o Generalized density profile: p(R) = p« (x)”% (1 — x)" , with x = R/R;
o Mapping one profile to the other:

Jets te [s] 6 [rad] p(r) Zen /Ry tho [S]
Canonical 1 0.2 x R72(R. — R)? 0.21 13.9
a2.n2.5 1 0.2 x R72(R. — R)?® 0.25 11.2
a2.n3 1 0.2 x R72(R. — R)3 0.25 9.5
a2.5.n2 1 0.2 o« R725(R. — R)? 0.28 6.8
«2.5_n3 1 0.2 x R725(R. — R)3 0.37 4.0
Canonical t1.33 || 1.33 0.2 < R72(R. — R)? 0.25 11.5
Canonical_t2 2 0.2 x R72(R. — R)? 0.37 8.3
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Profiles at different viewing angles
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o profiles with ~ same volume fraction but different t. and 0;

distribution of outflows driven by choked jets in stellar envelopes 32nd Texas Symposium 2023, Shanghai, China



Profiles at different viewing angles
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@ same but with density profiles: p(R) ~ v™°E(v)
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o all jet-driven explosions with z.;, ~ R, have roughly constant amount of energy
per logarithmic scale of the proper velocity (I'3).

o the plateau of the energy-velocity distribution starts in all cases at vo = \/Eo/Mx;

@ the maximal velocity of the plateau depends mostly on the cocoon volume upon
breakout, with Bh,o = Bo+v/Vi/Vio:

For v/ Vi«/Viho < 3 then Bmax >~ Bbo, for v/ Vi/Vio > 3 then Bmax > Bro and it

can become mildly relativistic.
o the smaller Vi,,(0j, zch) the higher the terminal velocity;
@ on-axis pole material faster than equatorial material (shallower density profile).
@ jets, even if choked, carry a significant amount of energy at high-velocity matter;
@ to observe broad absorption lines we need a choking at z.,, >~ Ry;
o off-axis material will become optically thin faster, disappearing earlier in the
spectra, making the observation less likely;

@ SNe not associated with GRBs possibly harbor choked jets while LGRBs must
contain a successful jet;

o jets choked (not too deep) provide a natural explanation to the fast material
seen in the early spectra of stripped envelope SNe without LGRB,;
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Origin of the ejecta with different velocities
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o Does the choking position z, mirror the energy-velocity distribution?
o Is there any other indicative parameter?

V*
Vbo

o Given By = \/2E/Mc? and assuming {p«) =~ {pcocoon) We get Buo =~ Bo
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Distribution of duration of GRBs
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(from Bromberg et al., 2012)

Liso -3 0 2/3 R.« 2/3 M, /3
tho ¥ 15sec: | ———F— e (6)
10%1 erg/sec 10° 5Ro 15Mg

o Jets (try to) drill their way out of the star;

@ Some collapsars (or maybe all) harbor a jet;
o Not all these jets are able to break out (te < ty,);
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