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Outline

e linear stability analysis
e unperturbed cylindrical, cold, magnetized jets
e resulting growth rates



Unperturbed flow

Unperturbed relativistic cylindrical jet
helical, axisymmetric, cylindrically symmetric and steady flow
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The jet is expected to be unstable to current-driven instabilities
(Kruskal-Shafranov) — role of inertia?
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Linearized equations
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reduces to (4 equations in real space)

i(@/1>+i<-7:11 7—"12)(3/1):0
dwo \ Yo D\ Fa1 Foaz Y2 ’

where the (complex) unknowns are

V1w dl1
g = i 1 | yo = II; + Y1 allp
wo w dw

(D, F;; are determinants of 10 x 10 arrays).
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Eigenvalue problem

solve the problem inside the jet
- (attention to regularity condition on
the axis)

1

similarly in the environment
(solution vanishes at ~o)
jet

(matter + EM field) Match the solutions at r;:

[v1] =0, [y2] =0 —
dispersion relation

* spatial approach: w = Rw and
Rk = Rk(w), Sk = Sk(w)

environment

~_
A

| * temporal approach: k£ = Rk and
3¢ Rw = Rw(k), Sw = Sw(k)
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Unperturbed jet solutions

Try to mimic the Komissarov et al simulation results
(for AGN and GRB jets)

e cold, nonrotating jet
Vo=W(®)2, 7 =n"(w)=(1-V7) "2,

By = By.(w)% + Bop(w)d, Eg
poo = poo(w@), & =1.

o Equilibrium condition (“force-free”)

B, /6 L d (BSZ + B(Q)gb/%%) L

w dto 2

relates By, with By /0.
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A cold, nonrotating solution:

B ]2C

_ - _ [
Boz = [1—|—(w/jwo)2]< - Pos = _%BOZ\/

wy , ( free parameters, vy , poo free functions.

1+(w /wo)?| " —1—2¢ (w /wo)?
(2¢—1)(w/wy)° '

choice of ¢:

BOZ X w—1.2

i1 (=06
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logmé
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Formation of core crucial for the gcceleration.

IS related to the

The bunching function § = —

. - 1 . .
acceleration efficiency o = TR where S¢ integral of motion
-1

~ 0.9. ¢
SinceS~1-(wegeto = —— = 0.8,
cwegeto =01

THE INNERMOST REGIONS OF RELATIVISTIC JETS AND THEIR MAGNETIC FIELDS Granada, Spain, June 10 2013



choice of vy (w@):

From Ferraro’s law Vyy = wQ + Vi, Bos/ Bo., Where  integral of
motion, we get —Bys/ By, ~ w}/Vy,, of, —Boy/Bo. =~ w/wic.

Bog r Mo\
~ 150 ( )
BOz 1016cm/ \ 108M 5

| Bog| T To oM N\
For K- ~ 2 ( J )
ora dIS Jet BOz O 1016Cm 1OGM/C2 108M@

For the given expressions of By,/v0, Boz,

4
— 4+ 2()2 (2¢—1)(w/wo) _
70 \/ U [1+(w/w0)2]2C—1—2C(w/w0)2

For a BH-jet —

wo
— (glveS Q‘axzs for g'Ven Y0axiss wO)

axris \/Z

The choice of wy, Q2(w) controls the pitch Byy/(wBy.), and the
values of v, on the axis and the jet surface.
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On the axis
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left: density/field lines, right: Lorentz factor/current lines (jet boundary z o r!-°)
Uniform rotation — ~ increases with r
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6x10°

—13 -12 i —1cC O 100 200

Differential rotation — slow envelope and faster decrease of By
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choice of pgg(w):

This comes from the mass-to-magnetic flux ratio integral 705300‘/0

which is assumed constant in the simulations. So pgg o BOZ/%
The constant of proportionality from the value of
Bg¢/7(2)
P00

external medium:

uniform, static, with zero By, and V4, — Bessel.

In all the following a thermal pressure is assumed, £, = 1.01
(the value of &, controls the density ratio).

A cold, magnetized environment gives approximatelly same
results.
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Q=const, -B/B,=31 r /r;
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A “surface” and multiple "body” modes
m=1, Q=const
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growth length = 1/(—Sk) ~ r;/0.2 = 5r;
nonlinear effects important after a few 10r;
growth time ~ growth length (c = 1)

growth rate ~ -k ~ 0.2/7;

In rough agreement with nonrelativistic linear studies which

predict growth rates in comoving frame I'., ~ 13’4 (Appl et al)
o
' FCO
in the lab frame I" = ~0.2/r;
<7y >
(Vg = T ™ %, wo = 0.1r;, <7y >~05H)
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Q=const, w=0.56, k=0.77-10.12
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Q=const, w=>5, k=7.47-10.22
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Q=const, -B/B,=22 r /r;
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m=1, Q=const
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Q=const, w=2.36, k=3.78-10.24
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variable Q
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variable Q, w=3.25, k=7.56-1 0.35
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Summary — Discussion — Next steps

* Kink instability in principle is in action
» Low (|By|/B>)co, lOW o, high ~, stabilize

~ The flow is significantly disrupted after a few 107;
(nonlinear evolution through simulations only)

Explore the parameter space for kink and other modes
colder/moving environment? other jet equilibrium models?
use the eigenstates as initial conditions in numerical studies

during acceleration? effect of poloidal curvature ?
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