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sensitive to the source (i.e. Spruit 2010)

The external fimescales are slow enough, compared to the internal
ones, so that the system can reach an equilibrium state

If the reconnection takes place fast enough we expect that any
current sheets will be dissipated






Physical Question

@ What is the structure of a jet which:



Physical Question

@ What is the structure of a jet which:

@ Contains magnetic field



Physical Question

@ What is the structure of a jet which:
@ Contains magnetic field

@ Contains some hot plasma (pressure)



Physical Question

@ What is the structure of a jet which:
@ Contains magnetic field
@ Contains some hot plasma (pressure)

@ The plasma is moving along the axis



Physical Question

@ What is the structure of a jet which:
@ Contains magnetic field
@ Contains some hot plasma (pressure)
@ The plasma is moving along the axis

@ Is in equilibrium



Physical Question

@ What is the structure of a jet which:
@ Contains magnetic field
@ Contains some hot plasma (pressure)
@ The plasma is moving along the axis
@ Is in equilibrium

® Has no discontinuities



Physical Question

® What is the structure of a jet which: @ The application:
@ Contains magnetic field
@ Contains some hot plasma (pressure)
@ The plasma is moving along the axis
@ Is in equilibrium

® Has no discontinuities



Physical Question

@ What is the structure of a jet which:

o

Contains magnetic field

Contains some hot plasma (pressure)
The plasma is moving along the axis
Is in equilibrium

Has no discontinuities

@ The application:

@ Dynamically relaxed structures



Physical Question

@ What is the structure of a jet which:

o

Contains magnetic field

Contains some hot plasma (pressure)
The plasma is moving along the axis
Is in equilibrium

Has no discontinuities

@ The application:

@ Dynamically relaxed structures

o

Endpoints of dissipative evolution



Physical Question

@ What is the structure of a jet which:

o

Contains magnetic field

Contains some hot plasma (pressure)
The plasma is moving along the axis
Is in equilibrium

Has no discontinuities

@ The application:

@ Dynamically relaxed structures

o

o

Endpoints of dissipative evolution

Simulation trial solutions - initial conditions
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Mathematical
formulation

® Magnetic flux with poloidal and toroidal
components and some plasma are contained
within a cylinder

@ We assume cylindrical symmeftry
@ Some hot plasma confines the cylinder

® What is the equilibrium solution for this
structure?
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tic Solution

(1} Gas & Magnetic Fleld

regions: The system is everywhere in force
ch equilibrium: the sum of the Lorentz
hot gas and the pressure gradient is zero

Ao (Grad-Shranov Equation)

e jet

L — The boundary condition between
C ] X B o vp regions (I) and (II) is that the

magnetic field should drop to zero

(V X B) X B = 47-‘-Vp and there are no current sheets

We can write a cylindrically
B — VPp (R) X VQZS - [p R)ngé symmetric field in two ways:

either expressing it in terms

B = th(R) x Vz + It(R)VZ of the poloidal flux or the

toroidal flux










For the Force-Free case,
for a linear relation

between P and [/, there v X B — aB

is the Lundquist (1951)
solution




For the Force-Free case,
for a linear relation

between P and I, there VxB=aB Ipat — ap,tP N

is the Lundquist (1951)
solution




For the Force-Free case,
for a linear relation

between P and /, there V x B =aB

is the Lundquist (1951)
solution

A

Brr = CoOz(Jl(OzR)qb —+ Jo(OzR)ﬁ)



For the Force-Free case,
for a linear relation

between P and /, there V x B =aB

is the Lundquist (1951)
solution

A

Brr = CoOz(Jl(OzR)qb —+ Jo(OzR)ﬁ)




For the Force-Free case,
for a linear relation

between P and I, there VxB=aB Ipat — ap,tP N

is the Lundquist (1951)
solution

Brr = coa(Ji(aR)d + Jo(aR)2)

There is no point in the
Lundquist solution where
both the toroidal and the
poloidal field are zero



For the Force-Free case,
for a linear relation
between P and [/, there
is the Lundquist (1951)
solution

Brr = coa(Ji(aR)d + Jo(aR)2)

In the G-S case there are two classes
of solutions, depending on the choice of

the pressure: proportional to the poloidal
or toroidal flux

There is no point in the
Lundquist solution where
both the toroidal and the
poloidal field are zero



For the Force-Free case,
for a linear relation
between P and [/, there
is the Lundquist (1951)
solution

Brr = coa(Ji(aR)d + Jo(aR)2)

In the G-S case there are two classes

of so R hice of
R (B + B + 8mp)' + Bj = 0 [
or tomemes

There is no point in the
Lundquist solution where
both the toroidal and the
poloidal field are zero



For the Force-Free case,
for a linear relation
between P and [/, there
is the Lundquist (1951)
solution

Brr = coa(Ji(aR)d + Jo(aR)2)

In the G-S case there are two classes

of so R hice of

the p 5(5’3 + B +8mp) + B3 =0 poloidal

or tomEEe

There is no point in the
Lundquist solution where
both the toroidal and the
poloidal field are zero

We can construct two basic
families of solutions, where
both the toroidal and the
poloidal field are zero at the
boundary of the cylinder.



For the Force-Free case,
for a linear relation
between P and [/, there
is the Lundquist (1951)
solution

Brr = coa(Ji(aR)d + Jo(aR)2)

In the G-S case there are two classes

of so R hice of
R (B + B + 8mp)' + Bj = 0 [
or tomemes

FuR

p

B, = (Cpale (apR) -

) +

There is no point in the
Lundquist solution where
both the toroidal and the
poloidal field are zero

We can construct two basic
families of solutions, where
both the toroidal and the
poloidal field are zero at the
boundary of the cylinder.



For the Force-Free case,
for a linear relation
between P and [/, there
is the Lundquist (1951)
solution

Brr = coa(Ji(aR)d + Jo(aR)2)

In the G-S case there are two classes

of so R hice of

the p 5(5’3 + B +8mp) + B3 =0 poloidal

FuR

p

B, = (Cpale (apR) -

) +

There is no point in the
Lundquist solution where
both the toroidal and the
poloidal field are zero

We can construct two basic
families of solutions, where
both the toroidal and the
poloidal field are zero at the
boundary of the cylinder.



For the Force-Free case,
for a linear relation

between P and I, there VxB=aB Ipat — O‘P,tP N

is the Lundquist (1951)
solution

Brr = coa(Ji(aR)d + Jo(aR)2)

In the G-S case there are two classes

of so R hice of

the p 5(5’3 + B +8mp) + B3 =0 poloidal

. F )
There is no point in the B = craeJi(aeR)¢ + (craeto(aeR) — —2)2

g

Lundquist solution where
both the toroidal and the
poloidal field are zero

We can construct two basic
families of solutions, where
both the toroidal and the
poloidal field are zero at the
boundary of the cylinder.



For the Force-Free case,
for a linear relation
between P and [/, there
is the Lundquist (1951)
solution

Brr = coa(Ji(aR)d + Jo(aR)2)

In the G-S case there are two classes

of so R hice of

the p 5(33 + B +8mp) + B3 =0 poloidal

F

A 2F
B, = (cpapJi(apR) — pR)¢; + (cpapo(apR) — =2
p

5)
Qp

-~
-~
o~

83

F

Bt f— ctatJl(atR)(f; + (ctatJo(atR) — —)::‘

g

We can construct two basic
families of solutions, where
both the toroidal and the
poloidal field are zero at the
boundary of the cylinder.



For the Force-Free case,
for a linear relation
between P and [/, there
is the Lundquist (1951)
solution

Brr = coa(Ji(aR)d + Jo(aR)2)

In the G-S case there are two classes

of so R hice of

the p 5(33 + B +8mp) + B3 =0 poloidal

F

A 2F
Bp = (cpale (apR) — pR)¢ + (CpapJO(apR) e
p

5)
ap

-~
-~
o~

83

N Fiy
B;: = ciarJi (s R)d + (crarJo(ae R) — —2)2

g

We can construct two basic
families of solutions, where
both the toroidal and the
poloidal field are zero at the
boundary of the cylinder.



For the Force-Free case,
for a linear relation
between P and [/, there
is the Lundquist (1951)
solution

[ = cpi By

Brr = coa(Ji(aR)d + Jo(aR)2)

In the G-S case there are two classes

of so R hice of

the p 5(33 + B +8mp) + B3 =0 poloidal

. 2F
FpR)Cf) + (cpapJo(apR) — —

2
ap ap

B, = (Cpale (QPR) - )z

N Fiy
B;: = ciarJi (s R)d + (crarJo(ae R) — —2)2

g

We can construct two basic
families of solutions, where
both the toroidal and the
poloidal field are zero at the
boundary of the cylinder.

To ensure the absence of current
sheets we need a minimum pressure
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Using the same means as
in the static case we can
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of the magnetic field structure






An important issue in
simulations is the
confinement of the jet
(Clarke et al. 1986,
Lind et al 1989, Stone
& Hardee 2000,
Mignone et al. 2010)

Simulation



Simulation

An important issue in
simulations is the
confinement of the jet
(Clarke et al. 1986,
Lind et al 1989, Stone
& Hardee 2000,
Mignone et al. 2010)

Current sheets are hard fo treat
numerically, so for the initial
state one may choose either a
homogeneous background field
and inject the helical field or a
sinusoidal field in the domain etc



Simulation

An important issue in
simulations is the
confinement of the jet
(Clarke et al. 1986,
Lind et al 1989, Stone
& Hardee 2000,
Mignone et al. 2010)

Current sheets are hard fo treat
numerically, so for the initial
state one may choose either a
homogeneous background field
and inject the helical field or a
sinusoidal field in the domain etc

In this study we assume
a given ambient pressure
and we inject the
solution we have found
in the PLUTO code
(Mignone et al. 2007)



Simulation

log(rho(r,z)

An important iss
simulations is the
confinement of t
(Clarke et al. 198
Lind et al 1989, ¢
& Hardee 2000,
Mignone et al. 2(

i

0.5 1.0 1.5

Current sheets are hard to treat In this study we assume
numerically, so for the initial a given ambient pressure
state one may choose either a and we inject the
homogeneous background field solution we have found
and inject the helical field or a in the PLUTO code

sinusoidal field in the domain etc (Mignone et al. 2007)



Simulation

Iog(rho rz)
An important iss |
simulations is the |
confinement of t |
(Clarke et al. 198 |
Lind et al 1989, § |
& Hardee 2000, »
Mignone et al. 2( .

0.5 1.0 1.5 0.5 1.0 1.5
Current sheets are hard to treat In this study we assume
numerically, so for the initial a given ambient pressure
state one may choose either a and we inject the
homogeneous background field solution we have found
and inject the helical field or a in the PLUTO code

sinusoidal field in the domain etc (Mignone et al. 2007)



Simulation

Iog(rho rz) , log(uz(r,z) o6
An important iss | om0
simulations is the |
confinement of t | o
(Clarke et al. 198 | S
Lind et al 1989, § | —1.40
& Hardee 2000, » ~1.70
Mignone et al. 2( ' ~2.00

0.5 1.0 1.5 0.5 1.0 1.5 05 10 15
Current sheets are hard to treat In this study we assume
numerically, so for the initial a given ambient pressure
state one may choose either a and we inject the
homogeneous background field solution we have found
and inject the helical field or a in the PLUTO code

sinusoidal field in the domain etc (Mignone et al. 2007)






05 1.0 1.5 2.0 2.5
r










Stability

@ In the 2-D simulations the overall behaviour is stable

@ The Kink-instability however cannot be investigated through 2-D
simulations



Stability

In the 2-D simulations the overall behaviour is stable

The Kink-instability however cannot be investigated through 2-D
simulations

From the Kruskal-Shafranov and the Suydam criteria we expect
some unstable regions in the “poloidal” equilibrium



Stability

In the 2-D simulations the overall behaviour is stable

The Kink-instability however cannot be investigated through 2-D
simulations

From the Kruskal-Shafranov and the Suydam criteria we expect
some unstable regions in the “poloidal” equilibrium

The velocity shear stabilizes and suppresses some instabilities
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Conclusions

We have explored a class of solutions of the G-S equation in static
and relativistic context

The solutions without current sheets are particularly useful for
simulations as initial conditions or test configurations

They answer the question of the pressure lying between the pure
hydro models and the magnetic models

In the observational side they do not have significant differences
from the Force-Free structures used






