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Outline

e Brief introduction on GRB
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N/p>4

* Theory of GRB outflows with neutrons

- conclystons—— — — — —




The internal-external shock scenario

o |nner engine releases unsteady flow of ~10” erg

“THE TurereaL - Externan Shoeks
o Shells with different | catchup at R~ R 2~ 10° cm
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o Shock waves (internal) accelerate electrons and generate

magnetic fields: synchrotron emission

& G o At R ~ 10" cm an (external) shocKk is driven in the
Twmer Early Late b . .
B e i) S S interstellar medium
Tireloah \ Fireball TureRsTeUAR HEBIVM
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/ \ * Synchrotron emission but at lower V and decreasing -
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4/ \\ frequencies
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GRB outflows have neutrons

Current engine models naturally predict
n/p>1 (Y _<0.5)

(Derishev et al 99, Beloborodov 03, Pruet at al 03)

GRB jets are powered by a high rate accretion

disk of few M per sec around a solar mass BH

sun

(Woosley 93, Eichler et al. 89, JanKa et al. 99¢701,

VietrierStella 98, ZhangerFryer 01 , Fryer et al. 99)



Jetsarebornin neutron rich

S|t eS the inner accretion disk has:

p ~10" g/cm‘”’/nd T~ few 10K
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Jet baryonic composition

1\
- | | | .
hal The [| et may be characterized by interesting
= | nucleosynthesis.
nuclel dissociate CEAVY A
oo, e
Black |low Y, for dense flows «—ep ]

Hole . ; : convection
v-trapping may increase Ye

1N
r
“
& ]:;n-ass loss/wind

low Y gives r-process
Y, >0.5 may give interesting p-nuclei
Y205 gives Ni

From Pruet et al 03

® Escape vs neutralisation

timescale:

t >t

etp esc

SO

n/p jet = n/p engine
® Little Nucleosynthesis:

free p ¢ n with n/p>1

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






Fireball theory with
neutrons
e Outflow with p+et+r+n
® I &€ by Compton Scattering
® e by Coulomb Collision
® P<=N by strong collision

pe pn (n :«pn+e+ e) by plasma instability

t =900s-->R =ct

n
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n-p COLLISIONS AS MOMENTUM EXCHANGE AND FRICTION.

colhsion rate per n:

Fref

F-.r‘ef”p TVpel = —
Thp

—26 2
R Bl el i Whap =0 510 CcIm”.

mean momentum gained per n (isotropic scattering):

Pn =< Pp == 1My Ureil'rer

mean force on a n

dp, 2 dr, )
dtl = n, FEEIﬂ'ﬂpﬁﬁfﬂlpr; T — npl"iffjﬁfﬂ'ﬂp.
Volume dissipation rate (proton rest-frame):
dgp nE(Iper — l}ﬂlpfg

dt’ Tnp



O-'Og_, Q: PCC))
O*\Q* , o=
Oy () mmp _}Q—>

TWO STREAM-INSTABILITY AS HEATING MECHANISM:

decay rate

the volume heating

dN, N,  dN,
ﬁ'ft" - FN[T,@ - dt" J
dgy _  nj 2

= ., —1
dt!;'j FrefTﬁ{ ret }ﬂlpf’



Solving for dynamics and
thermodynamics

8 unknown . TTT Tnn
n p n p e ["p n
8 coupled equations :

1) energy conservation (I°  =0)

2) mass conservation (F  =0)

3) ﬂ/[p :f(Mn}, decay changes n/p

4) =f( ) accelerating force of p onn
n P
5-6-7-8) AE=dQ-P dV, i=re,p,n



Standard ma

tter dominated

fireball:
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More .
decel eration T
and heating
for larger n/p:

n/p 1 ﬂpl Rnp‘
ety
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LORENTZ FACTOR
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More

decel eration N I
and heating % g S Rﬁ
for larger n/p: & | 11 fte n/p=10 1l
Y S i
Dynamics and |
thermodynamic =
depend on the 1°
enginenuclear £
composition ! £ "
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Conclusions

Fireballs are likely neutron loaded

This influences dynamics and thermodynamics of the proton

component

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




Nucleosynthesis

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

‘Big Bang GRB

® Photon-to-baryon ratio: ~3 10 ~8 10’

® Exp. Timescale at NSy: ~100 s ~107s

o njp ratiopror to Sy Wom1/7  /p>1
GRB has marginally successful nucleosynthesis

O /(p+n)~0.01-0.1 ---> jet with free p & n with
n/p>1



