Title: Effective theories of vortex lines
Date: May 29, 2014 11:30 AM
URL.: http://pirsa.org/14050103

Abstract: <span>Vortex lines are a distinctive feature of superfluids and are characterized by a very peculiar dynamics. In this talk, | will first
discuss the behavior of vortex lines in a non-relativistic superfluids in the incompressible limit. | will then introduce an effective theory of vortex
lines coupled to sound which applies to relativistic superfluids. | will conclude by briefly discussing the similarities between the effective theory for
vortex lines and non-relativistic General Relativity.</span>
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Why Vortex Lines?

They exist in superfluids and ordinary fluids.
They don't behave like strings.
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Basic Quantities

Vortex lines: V x ¥ # 0
T Q)F _— Circulation: v(r) ~ I'/r
bt (1 Cs . .
Regime of effective theory:

R e " L > T 0}
, a > :
- Non-relativistic motion:
1 v~T/R<T/a < cg
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Basic Quantities

Vortex lines: V x @ # 0
Circulation: v(r) ~T'/r
Regime of effective theory:

a
L>a I > =

Cs

Non-relativistic motion:

v~T/R&KT/a s cs
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Superfluids
Superfluid = spontaneously broken U(1) at finite density
L=F(X) X=0,000 od=t+y
X =-1-2-¢"+ (V)
(n

L=ay+a1(X+1)+ay(X+1)°+.-. (nt1~ —5

NRIlimit: =V —p» UV x=0

Page 9/30



Superfluids

Superfluid = spontaneously broken U(1) at finite density

EB=Rpn) X =606te

X = —1—2¢— %+ (V.
L=ap+ai(X +1)+az(X+1)"+-- Gu+l 72

NRlimit: =V —> Vxv=0

Son 2002
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Introducing Vortex Lines

an

ﬁ:(tn‘*‘(l](X-{-1)+(12(,X'+])‘+... u,,_H—u?

s

1. Take incompressible, non-relativistic limit: €s.€ —* o€

2 Introduce external sources to redefine velocity:

Vo - Vo+ S VxS§= l"/r!a 9, X (t.0)0(% — X(t.@))

3. Integrate out ¥
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Introducing Vortex Lines

ﬂn‘

£=u.n+a.1(X+1)+ag(X+1)9+--- Ant1 ~ =5

1. Take incompressible, non-relativistic limit: Cs,€ —* €

2 Introduce external sources to redefine velocity:

Vo -+ Vo+ S VxS§= r/m; 9. X (t.0)8(F — X(t. 7))

3. Integrate out ¥
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Magnetostatic analogy

(incompressible limit)

The hydrophoton couples to vortex lines
like
the vector potential couples to lines of current
(in Coulomb gauge)

magnetostatic incompr- hydro

current J. vorticity &
vector potential A hydrophoton A

magnetic field B velocity field ¥
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Questions

1. What is the origin of the hydrophoton?
5 What about local interactions with sound?

3. What about the log in the dispersion relation?
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“Fun” Fact

Kelvin waves = Goldstone bosons

unbroken = P, P-, J-, broken = Py, Py, Jz; Jy

Coset Construction —> Lotentz. gauge 8
reP/zmmetrt aton
— (NVAIANCE

>y H dJY
SQD = ]dT(lO’ A“ydd:_ l V= F
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Interactions

between vortex lines

Non-relativistic,
incompressible

V ~ 1% j:!rrdrr'—-———”"f 0y X'
(X=X
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Classical RG Running

The tension 1" can be fixed by demanding that the
self-energy of a static vortex line is finite.

IE (. ,0.X 0.X' .
(— p— F‘z / (Z(T,( = = +T1()(-,-X|
do , X — X/|

~T?log(L/a)

— T(1) ~ I'?log(pa) + finite
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Classical RG Running

The tension 1" can be fixed by demanding that the
self-energy of a static vortex line is finite.

ZE ¢ . ‘)(TAX_: * ._)(j-"‘X_:’ —
¢ /(ZJ'( Ll + T0,X|
do , X — X/|

~T?log(L/a)

T(u) ~ I'*log(pa) + finite

|
Now, w = =—Fk~ log(k/p)
4
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Classical RG Running

The tension 1" can be fixed by demanding that the
self-energy of a static vortex line is finite.

lE ¢ . ‘)(-;-‘X_: * ._)(-,-"X” —
andy | /(Z(T'( i + T0,X|
do , X — X/|

~T?log(L/a)

T(u) ~ I'*log(pa) + finite

r o,
Now, w = +—Fk~ log(k/u)
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Classical RG Running

The tension 1" can be fixed by demanding that the
self-energy of a static vortex line is finite.

IE [, ,0,X 0.X ,
&= _ 2 / (ZJ'( ———— + T|0,X|
do , X — X/|

~T?log(L/a)

— T(1) ~ I'?log(pa) + finite

Iy
Now, w = =—Fk~ log(k/u)
4
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Vortex Rings

Lagrangian:

= re
L=-TR*rn-0,X0— 7}?]05:(1?;:)

Equations of motion:
0; (lef) =0
iv-0,Xo = f(R, 1)

a,ufd‘ == 0
X(t,0) = Xo(t) + 6X (o)
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Vortex Rings

Lagrangian:

2 RS
L=-TR7n-0Xo— 7!?]0{_,'([?;:)

Equations of motion:
0; (.R:!Af) =
iv- 0, X0 = f(R. 1)

3,-)?(,1“ = 0
1\1(I‘.U) = .-‘-t:(](f-) 3 (SJ\-:(U)
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Vortex Rings

Lagrangian:

B
L =—-TR*mn-8,X0— TR]og(Rﬂ)

Equations of motion:
Df(Rgﬁ) = (0
it 0 Xo = f(R. 1)

afxfl']L - 0
X(t,0) = Xo(t) + 6X (o)
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Rotons in He4

(work in progress)

- o WSS o =

b

>
7

T ' :
r_r:\{‘)ﬂju\-_‘, 4 #1)0

(Feynman)
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Rotons in He4

(work in progress)

\ rot
- @ fm eSS ] -\“-—-__——’/'

//’—— ”{ ]
a oAy . -
pnonens
: I 1/a

(Feynman)
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Rotons in He4

(work in progress)

I - -
A = m T
S o g Gn ED ap &P @ o0 @ = = - = iy >

r—— Y L an =

pnonons

(Feynman)
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Vortex Lines vs Binaries

A;u/ < > Juv

at(1,0) B > " (7)
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Numerical Simulations

60
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Velocity Power Counting

(outlook)
Working in Coulomb gauge with ¢s ~ 1

15 = Bpot- F Brud

RS e
oernf O ;le(lf i \ - - =
“ 5 afBrmi (et 0.rBrurI ~ ;Brud

v

{)f Bjm.f o -J'-: —B;J(n‘

i 3 (& : 1 o 1S -‘_'- o _‘rm i
GIS[B,-,“I.‘\ ]______ ] DADBPM el [A,Bpot+DBrad ]

“nost-Newtonian” expansion for vortex lines!
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Velocity Power Counting

(outlook)
Working in Coulomb gauge with ¢s ~ 1
B. = gpof- ar gr'ud

N el /
0;Bpot ~ =Bpat S k = Jicma v =
ol r e > arBrmi I 0:Brud A ;Bﬂ""

- U = >

afBjm.f Pt ';—B;J(n‘

o (D = 11 i el = S A‘T-Buj +B.l'ﬂ(l“\'”]
Etb[B:-ml-‘\‘] :/DADBpat e‘ [ e

“nost-Newtonian” expansion for vortex lines!
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