


1. INTRODUCTION

WR stars are long GRB progenitors but not all WR give a GRB → jet not formed at all or fails to break-out from the star

What are the conditions for a successful relativistic jet launching ?

Analytical estimates + 3D GRMHD simulations that follow the jet from the central BH to the stellar surface

2. ANALYTICAL MODEL OVERVIEW

2.1 Jet launching conditions

→ condition on 

LBZ > Lacc =



2.2 Jet engine work time

Accretion from the envelope onto the BH

𝜌 ~ 𝜌0𝑟
−𝛼 in the envelope  → corrected for a fraction lost in a wind  →  ሶ𝑀𝑎𝑐𝑐

Magnetically arrested disk (MAD): high efficiency of conversion of accretion to jet power:  𝐿 ≲ ሶ𝑀𝑎𝑐𝑐𝑐
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3. SET UP

WR star: M = 14 M


,  R = 4 1010 cm + Kerr BH (4 M


, a=0.8) at the center

Code GRMHD  (H-AMR ; Liska et al) follows grav. Collapse, disk formation, jet launching and propagation

Initial structure

- density:                                                            

normalized to have  M = M*



- angular momentum

spherically symmetric ℓ(𝑟) [?]

- magnetic field

uniform in the Ƹ𝑧 direction in a core of radius  rc =108 cm and dipolar outside

𝜎 =
𝐵2

4𝜋𝜌𝑐2
(comoving)     ;     𝜎𝑚𝑎𝑥 = 25 ∼ Γ∞

4. OUTFLOW

4.1 GRB jet launching

Formation of a disk necessary for jet launching → 𝑟𝑐𝑖𝑟𝑐(𝑗) ≳ 𝑟𝐼𝑆𝐶𝑂

4.2 Types of outflows
disk                               no disk

BZ jet

no jet





5. ACCRETION RATE

comparison simulation/analytical formula  ሶ𝑀𝑑 ∝ 𝑡1−
2𝛼

3

satisfactory especially if there is no jet



6. JET WORK-TIME & LUMINOSITY

6.1 Engine activity

𝑡𝑒𝑛𝑔,𝑚𝑎𝑥 ≡ entire accretion time (a)         

but often 𝑡𝑒𝑛𝑔 ≪ 𝑡𝑒𝑛𝑔,𝑚𝑎𝑥 and difficult to reach 𝑡𝑒𝑛𝑔≳ 10 s

a = 0 : small scale turbulence disrupts ordered B                  a = 1 : longer lasting jet (but still problems to reach 10 s



6.2 Luminosity 

a = 1 preferred
can maintain a steady luminosity for a longer time 



7. JET EVOLUTION

7.1 Tilt of the disk

jet – cocoon – star interplay

good (or bad) for the prompt light curve ?

7.2 Magnetic dissipation   

reduction of 𝜎 to 𝜎 ≪ 1
during jet propagation

magnetized jet → hydro jet, bright photosphere

(to be confirmed)  

a = 1



8. IMPLICATIONS TO BREAKOUT & EMISSION

8.1 Breakout

…

8.2 Prompt emission

magnetic dissipation at the collimation nozzle  (𝜏 > 103)

𝜎 ∼ 0.01 above nozzle →  conversion of magnetic into thermal energy

→  efficient photospheric emission 

variability: mixing during jet propagation or

directly related to central engine activity (preferred)

→  photospheric models for the prompt emission of GRBs favored 



9. SUMMARY & DISCUSSION

production of a relativistic jet: two main conditions for success

(i)  jet power > ram pressure of infalling material:  𝐿𝐵𝑍 > ሶ𝑀𝑎𝑐𝑐𝑐
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(ii) accretion disk must form:  𝑟𝑐𝑖𝑟𝑐 > 𝑟𝐼𝑆𝐶𝑂

+  𝜌 ∝ 𝑟−𝛼 with 0.5 < a < 1.5 favored in the envelope

magnetic dissipation heats the jet  →  bright photospheric emission expected

if these conditions are not satisfied, various possible outcomes:

→   SASI, sub-relativistic outflow, grav. collapse

limitation: neutrino processes not included in the study (left for future work)    [role of polar funnel ?]

Two comments:

• in photospheric model with Rph ~ 1011-13 cm, the ESD at the end of the prompt emission cannot be the HLE of the 
last flashing shell. It must correspond to an effective behavior of the central engine. 

• the main radiative process during the prompt phase is not synchrotron but comptonized photospheric emission
• in the proposed model how to explain long and smooth light curve ? (not specific to this model)



initial propagation is nearly cylindrical   →   reduced cooling until conical expansion starts
→ brighter photosphere, increased efficiency



• rest frame time t=55 s
• jet’s head at 10 R*

(future) photospheric radius of the fluid elements


