
Nuclear composition 
in GRBs Disks and JETs 

Elena Maria ROSSI
 JILA, UC, Boulder

collaborators

Andrei m. Beloborodov
Martin J. Rees

Philip J. Armitage
Tiziana di Matteo



Hyper-accreting DISKs : neutrino 
cooling  shape the radial and 
vertical structure

 Neutron loaded outflow:dynamics 
+ thermodynamic

Outline



Hyper accreting disks

GRb are powered by accretion disks of a 
0.1-10 Msun /sec  onto a few Msun black 
hole (woosley 93,janka et al 99&01,fryer et al 99..)

Pophan et al 99; Narayan et al 01



energy balance

 ~109-1011 gr/cm3    T~109-1011 Kρ

thick

radiative 
inefficient

photon thick
ν

ν-thin
ν ν

ν

∼

∼

∼

∼

∼

∼

α particles
ν̄

ν̄

free n p

efficiently cooled by ν

photo-disintegration of α



consistent calculation of nuclear composition and 
thermodynamical quantities:

thin disk dynamics: plane parallel atmosphere; 
no advection term: 

eq of state: gas pressure dominates

Yp Yn Xnuc as function of     and T

radiative transfer equations

Rossi, Armitage & Di Matteo in prep
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for radial structure: Lee et al 05; Janiuk et al sub. & Chen and Beloborodov proc.
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Nuclear composition
underlining figure from Beloborodov 02
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vertical structure



no mixing: de-neutralisation time too 
long
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e+ capture timescale

mixing timescale

most of matter as Yp<0.5 ---> neutron loaded jet



How do neutrons 
affect the outflow 

dynamics & 
thermodynamics ?
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strong 
collisions

η =
L

Ṁc2
= 10

3L = 10
52erg/s

Rossi Beloborodov Rees 2005
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Conclusion

GRB disks are neutron rich

GRB jets are likely neutron loaded

the nuclear composition affect the jet dynamics





η = 300The larger 
the entropy 
per baryon 
the stronger 
the effects
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spherical vs 
collimated 
outflows



assumptions 

hydrodynamic evolution

uniform outflow

steady outflow

spherical symmetry

neglecting pairs (important only for 
r<50 R_0)

neglecting neutrino losses






