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e HYPER-ACCRETING DISKS : NEUTRINO
COOLING SHAPE THE RADIAL AND
VERTICAL STRUCTURE

e NEUTRON LOADED OUTFLOW:DYNAMICS
+ THERMODYNAMIC




HYPERC ACCRETING DISKS

GRB ARE POWERED BY ACCRETION DISKS OF A

0.1-10 Msun /sec ONTO A FEW Msun BLACK
HOLE (WOOSLEY 93,)ANKA €T AL 99&01,FRYER €T AL 99.))

POPHAN €T AL 99; NARAYAN €T AL Ol




ENERGY BALANCE
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consistent calculation of nuclear composition and
thermodynamical quantities:

for radial structure: Lee et al 05; Janiuk et al sub. & Chen and Beloborodov proc.

e thin disk dynamics: plane parallel atmosphere;

no advection term: dP GM

E:p rs

® eq of state: gas pressure dominates

Z

® Yp Yn Xnue as functionof pand T

e radiative transfer equations

Rossi, Armitage & Di Matteo in prep




e e < ——7
. Vb o D G

1, T

n+e — —
> DU V-1 =




NUCLEAR COMPOSITION

underlining figure from Beloborodov 02
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VERTICAL STRUCTUKRE
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NO MIXING: DE-NEUTRALISATION TIME TOO
LONG
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most of matter as Yp<0.5 ---> neutron loaded jet







Standard matter dominated
fireball:

protons- ~'+- . ‘
. 100} RS<R’7‘ :
For most of the time iss R=10 an -
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Fireball theory with
neutrons

* Qutflow with p+e+r+n
® r&e€ by Compton Scattering
¢ e<=P by Coulomb Collision
® PN by strong collision

p':}pn (n:>pn+e+ve) by plasma instability

H

tB=9oa § > RB= c tBF
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n-p COLLISITONS AS MOMENTUM EXCHANGE AND FRICTION.
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TWO STREAM-INSTABILITY AS HEATING MECHANISM:

decay rate

the volume heating




Solving for dynamics and
thermodynamics
unkpown: I T T T T.n n
8 coupled equations :
1) energy conservation (T | =0)

2) mass conservation  (F" v =0)

3) D'pr =f(M ), decay changes n/p

4) l‘ﬂ: f( l‘P) accelerating force of p on n
5-6-7-8) AE=dQ-P dV, i=re,pn




LORENTZ FACTOR
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LORENTZ FACTOR

TEMPERATURE [K]
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e GRB disks are neutron rich
® GRB jets are likely neutron loaded

e the nuclear composition affect the jet dynamics




Nucleosynthesis

(Belpborodow 03, Lemoine 02, Pruet et al 03)

Big Bang GRB
L @r’mtm—tﬂ—ﬁmyaﬂ ratio: ~3 10 1 ~8 10
® Exp. Timescale at NSy: ~100 s ~10°s

® n/p ratio prior to NSy: ; /P: 1/7 n /F?-* 1

OL/(p+n)~0.01-0.1 ---> jet with free p e n with
n/p>1
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MORE
NEUTRONS
MORE
DECELERATION
AND HEATING

LORENTZ FACTOR

PROTON TEMPERATURE [K]
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ASSUMPTIONS

HYDRODYNAMIC €VOLUTION
UNIFORM OUTFLOW

STEADY OUTFLOW
SPHERICAL SYMMETRY

NEGLECTING PAIRS (IMPORIANT ONLY FOR
R<50 R_0)

NEGLECTING NEUTRINO LOSSES




Conclusions

® Fireballs are liKely neutron [oaded

® This influences dynamics and thermodynamics of the proton

component

® The heating and deceleration depends onT)  and especially
on n/p: link with the accretion disk
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