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RT vs MRT, anisotropy and feedthrough!
Effects of magnetic shear on MRT?
MRT experiments on foil driven by MA-LTD?

Ongoing works
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(magneto)-Rayleigh-Taylor
Instalbility

Rayleigh-Taylor (RT)

— Driven by fluid or kinetic
pressures

— Isotropic on interface

Magneto-Rayleigh-Taylor
(MRT)

— Driven by magnetic pressure
and kinetic pressure

— B-field creates anisotropy

Stable
Interface

Unstable
Interface




Load Geometry for MAIZE Experiments

Y

* Thin foil between current return )—’é
plates .

— 400 nm thick Al
— 1 cm wide

* Double return plates reduce load
mductance

— 1 cm tall interaction region
— 1 cm between return plates

)
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* MRT acceleration is controlled
with offset distance from the mid-
plane

— Small Offset = Less acceleration
— Large Offset = More acceleration




Anisotropy

Degree of MRT anisotropy depends
on the fraction of magnetic pressure
in providing the acceleration.

What else?




Feedthrough Factor:

E(stable interface)/E(unstable interface)
Light

RT “unstable” /

) 3 (gravity in rest frame)
—> d (= —§>= acceleration in lab frame)

Light

RT “stable”




Our Model : Ideal MHD

(in rest frame of interfaces)

p(Z—I+V-VVj =-Vp+JIxB—- pgx
ap
—+V-(pv)=0
p” (PV)
V.-v=0 Fluid incompressible
88—]’? =Vx(vxB) Frozen-in Law
VxB=ud




Equilibrium Conditions:
in Rest Frame of Interfaces

Po1, Po2> Po3» Bo1: Bozs Bos;

M1 g“\ Puss Py Boys Bos. A, g, are arbitrary
x = o constants
gl (A~ o P By B B, =yB,, + 2B,
1 / p p B (I,x_, pO. is .a linear flll.lcthn of x
I A within each region I, 11,
and III.

Weight of Region II supported by pressure difference between I and III:

gpozA{pmmme ”p03<a+>+Bos ]

214, 214,

Pressure balance across the upper and lower interface:
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Bos2 - Boz2 . + B02
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Perturbation Analysis

Within each region (I, 11, and III):

p _ pO(X) n p1 (X)eia)t—ikyy—ikzz ,

iot—ik, y—ik,z
V=V, +V =V =[v,(X),v,(X),v,(X)]e T ,

B=B,+B, =B, +[B,(X),B,,(X),B,(x)le”" """

Subscript 0: Unperturbed quantities
Subscript 1: Perturbation quantities

Total perturbation pressure is continuous at the upper
and lower interfaces => MRT dispersion relation




MRT Dispersion Relation

o' —Ro*+S=0

R = R(p()l»p02>p039B019B029B03’ g’A’ ky’kz)’
S = S(/OovpozapogaB01aBozaBo39gaA’ ky’kz)-

Four modes: o=, ©==xwo,

@, = most unstable mode's eigenfrequency
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Extension of Harris’ Model: Nonzero B,
(UM Experiment)

V, = \/Bo23 [ 1o Pos

V, = \/Bo21 [ 1o P o

 (gk — kv, )(gk + kv,
kA SR KA —> 0
K.V,” +Kk;V,
Im(wl): 7
Jkag — K2V KA >> 1
B gk —k,V/’
gk + k2V 2 ,KA — 0
F, =
2(gk —k}Vv,*)
—KA z
i 2Kg — KV KAV kA >> 1




Normalized growth rate Feedthrough factor

7=y/Jkg, b2=kN?2/kg, b’ =kV]/kg (<1 for MRT)




_Normalized growth rate 0.2 Feedthrough factor
b =0.9 | "1 b, =09
0.15|
0.1}

0.05f
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The two interfaces are decoupled when
A=1mm, A=1mm

27T
Imm

KA = x1mm = 6.28

Feedthrough Factor <e™* =0.0019,as if A — .

=> MRT on one interface cannot affect the
opposite interface.
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One Interface (kA >2):

Kruskal-Schwarzchild (1954)
Chandrasekhar (1961)

N

gt y
v _ >
Po; =0, Bm = ZBmz 3
2 _ i 12\ ) |3021 > >
@ =—KJg+K,V,  where V, = ‘ kz\/k + K
] y Z
Ho Lo

MRT is stable if K Vv, > Kg




Conclusions

* Anistotropy and feedthrough in MRT was solved for
3 regions with 2 interfaces, with an arbitrary mix of
Kkinetic and magnetic pressure in each region

* C(lassical theories of Taylor, Chandrasekhar, Harris,
are recovered as limiting cases

* MRT retains significant growth if it is not stabilized
by magnetic field line bending

* MRT feedthrough is significantly reduced in modes
that bend the magnetic field line

Ref.: Y. Y. Lau et al., Phys. Rev. E 83, 066405 (2011)
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Effect of Magnetic Shear on MRT*

current

I

Q

A

11

\

T BOZ

>

111

)

BOB

Cause: diffusion of B, within liner
+ pre-imposed B,

*S. Slutz et al., Phys. Plasmas 17, 056303 (2010).
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Equilibrium B, :

Ill. By, = (0, 0, Bys,)
I. Bo1 = (0, Bo1y! BO3Z)

B,,, = const, B;, = const.
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Bﬂzy(x)f’ Bﬂly

By,,(X) profile

zero shear

constant shear
0= “skin depth”,

. ™~ 1n units of A
“HHQ.SSS

by -

0.2 - \ S
{10.01 " (~infinite shear) —__
0 — . .
0 0.2 0.4 0.6 0.8 1
X=x/A




Analytic Results on Two Limits

* Byyy(X) = Byqy (Zero magnetic shear)
— b, = 0 mode always unstable, regardless of b,

* 0=0 (Infinite magnetic shear)
— MRT is stabilized if b, > 1

2 _ (lz'gm)z . b2 = (E-§03)2
topn(K9) T 1P, (K9)
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Solve for eigenvalue w and eigenfunction g, :

%{Po(—wzﬁi('z E?)}ddi} "{Po( ) gdd‘;“+ 1 (E-E?o)z}ifo,

Hy

—0< X<

K =(0,k,.k,), k=\k!+k

bz (k 01) 2 (lz B>o3)2
I u
Ho P (KO ) HoPor (K9)

Can show: b, = 0 modes are most unstable
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0.8

|2~ 0.6

0.4

Increasing magnetic shear reduces MRT growth rate,
but cannot completely eliminate it

Growth Rate (b, = 0)

b, =1

constant shear

Jzerﬂ shear

|_I.
k2
Lad

kA
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by = 0, By, VB, = 0.1
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C(x=A)/8,(x=0)

Feedthrough Factor (b, = 0)

(A=A S (x=0)

<
[a—
|
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Conclusions on Effects of Magnetic
Shear on MRT

* The b,= 0 modes are the most unstable

* Increasing magnetic shear reduces MRT growth
rate, but cannot completely eliminate it. A large
B,, Is required to affect MRT growth.

* The feedthrough factor is vitually independent of
magnetic shear
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Use of low density foam to create a final axial
magnetic field of order By, upon compression

Conservation of Mass

0z
‘ 7(R2—R?)pg, = 27R ARp,
P S ; Conservation of Magnetic Flux
— | 7(R2 -=R)B,, =27R,ARB,,
RL E‘_ E — IOFO — BOZ
‘;\"q\ P. By
p: =R, =R_ |1+ 2 By
BO@ AR BOz




Assume:

A, =20
B,,=30T
B,, =1500 T
R, =3.3 mm
= R, =8.08 mm
= O ZS_Z;'OL =% =0.037 g/cc for Be

Such a low density foam or gas, upon compression,

may create an applied axial magnetic field that exerts
some control of MRT by magnetic shear.




MAIZE Linear Transtormer Driver (L'TD)

Casing Ground

 Parameters
— 40 Bricks
— 2 Ferromagnetic cores
— 1.6mID
— 3.06 mOD
— 0.22 m Thick

* Matched load (0.1 ohm)
— =100 kV Charge
— 1000 kA peak current
— 100 kV load
— ~100 ns rise-time

* Foil load
— =70 kV Charge
— ~600 kA peak current
— ~40kV load
— 170 ns rise-time







'

1

L=

.
a5
—
[
ey,
A
q"
N
L_‘L_:
—_
o
L=
g™,

|
L ¥4 N

Preshot I;age

Laser Image Times

700 —— . .
L Drive Current
@ (Camera 1
I = Camera 2
600
Q Q -
o) L
L L
o. (= 500
c . o [
- —
2 =
(a'e o =
£
O 300

200

100+

U - F l l i 1 1
50 0 50 100 150 200 250 300 350
Time (ns)




I,

Arge Oirset:

Shot: 309 | Large Offset | +/-70 kV | Camera: 2 | Image: 2
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Distance (mm)

Pe
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Shot: 301 | Large Offset | +/-70 kV | Camera: 2 | Image: 2
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Large Offset
Left Side

Large Offset
Right Side

Nearly
Centered

‘Light’ B-field
accelerates Highest magnetic pressure drives fastest

: 98
‘Heavy’ Plasma growth on MRT unstable interface
Earl [ I ight si
gt Bield o produce MRT
decelerates 8 P P 114

unstable interfaces after interfaces

{ ’
Heavy’ Plasma :
Y decouple; unstable after crosses axis

Both sides show similar growth rate due
to early expansion followed by later ~ 106
time magnetic compression

No driving
acceleration
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Vertical I[as

Preshot Image




uMachined foils — a brief intro

~3 mW power incident on foils
Holes ~40pm diameter

Spacing ~150um

Line spacing ~150um

Holes fully penetrate material 400
nm Al foil

— Mass removal determined by hole
size

Image from Sinars et al.
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Example of patterned foil

1cm



Our UMuM facility, 2mm wavelength mass
perturbation on 400 nm Al foil

Micro-pattern of removed holes used to create macro pattern of mass
removal corresponding to the wavelength of MRT which we are
attempting to excite

Light shines
through
MMachined holes

Resulting pattern of mass perturbation

Currengsity
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Shot 441 — ~2 mm seeding wavelength

Original foil Boxes used - location/size vetiedssgralamplitude;
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Seeded vs. unseeded — clear indications of

expansion perturbation near seeded wavelength

Shot 441 — seeded at ~2
mm, new 150 fs, 775 nm
laser

Shot 325 (old Nd:YAG) and 439 (new laser) — no
seeding

‘

Peak I: 467 kA @ 154 ns Peak I: 464 kA @ 206 nsPeak I: 535 ki

2 mm




Shot 443 — Initial tests on 1 mm wavelength -
Effect of seeding seems to weaken

Detail view

Inverted signal amplitude, Inverted signal amplitude,
normalized (A.U.) normalized (A.U.)
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