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|
Fluid Approach

@ Single Nambu-Goto string
hab = guVXZXZ

@ Energy-momentum tensor over spacetime

TH (1)y/—g = / d’nV—h KXk XY 6(z — X (1))
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|
Fluid Approach

@ Single Nambu-Goto string
hap = gMVX,ltLZXZ
@ Energy-momentum tensor over spacetime
T (x)v/—g = /d277\/—h h“bejLXf,’) o(x— X(n))
@ Coarse-graining over network
1

TV — _— THY [/ d4

@ = sy [ TVgdts
o Fluid equations from conservation equations

VT = 07
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Singular Currents

@ Current confined to worldsheet
Ia@) = [ )b - )

ouJ" =0
@ Flux in coordinate system adapted to worldsheet

0

9" 9J"
onP ont
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Singular Currents

@ Current confined to worldsheet
Ia@) = [ )b - )

ouJ" =0
@ Flux in coordinate system adapted to worldsheet

0

9" 9J"
onP ont

@ Back to general coordinates

Ji = JU Xt 4 o' X
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NS
Energy-Momentum Example

@ Singular current

Jt=JeXH

9uJ® =0
@ Energy-momentum tensor

T \/—g = /d2771~”“’ oz —X)

T = /—hh® X% Xk
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Energy-Momentum Example

@ Singular current
Jt=JrXH

9uJ® =0
@ Energy-momentum tensor

T \/—g = /d277T‘“’ o(x — X)

T = /—hh™ X% Xk

@ Current conservation is equation of motion
Oa(V=hh™X"%) =0
Xy d’Xv
2 2
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String Current

@ Trivial current conservation

2xXv  d2Xv B
drdoc  dodr

aa(eabxg) =0

o F-tensor
[y — _aby v
F'u = € X,b X,I(LI

@ Current conservation
F¥\/—g = /d277 FHv o(x—X)

V. F =0
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String Flux Example
@ Time-slice coordinates
I b
FHY = XZXf;,

= v'u” — uto”

W=1, «’=0

@ Gauss's Law

8#F“0 = @L(v“uo — u“v0> V. () =0
= —Ou(u")
=0
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String Flux Example

@ Trivial worldsheet current

=00 4+ 1uH

0
8_01_0
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-
String Flux Example

o If topological monopoles,
V-(u)#0
@ Local conservation of flux charge

Jp{u) = =V x (u xv)

@ Homogenous Maxwell’s equations

VP =0
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Light Cone Gauge

@ Right and Left Movers (A and B)

b < 0 1

Do)

TH = /~hh™ X1 XY = A'BY + AV B!

o = = £ DA
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-
Light Cone Gauge

e Right and Left Movers (A and B)

\/—_hh“b:<(1) é)

o Energy-momentum

TH = V—hh™ X" XY = A'BY + A”B"

@ F-tensor
FH = e“belef{, = A*BY — AYB*

@ Full AB-tensor is conserved
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Coarse-Graining

o Gauge freedom of A and B
A=A4* B=B"BH
o Energy density as measure
d*nA*BY = d?n A°B° AHBY
= d217 T A BY
@ Local equilibrium

(A® By = p(A5 B)™
= pAFBY

@ Variance of A and B
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Fluid Equations

o Conservation Equations
Vu(pArBY) = V,(pB"A) = 0

@ Renormalize A and B as unit vectors, p as scalar

@ Decoupling of p

Vo (pAPBY) = Vu(pAM B + pA*V B = 0

VoA =0  A*V,B" =0

Vu(pB") =0 BV, A" =0
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Submanifolds

Vu(pA")y=0  A'V,B" =0
0 B'V,A"=0

@ Frobenius Theorem
AMV,BY — B'V,AY = 0
@ Submanifold as worldsheet

L7y Lr e (¢
Vv LYVIL (N
AN LY VL N
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Wiggly Strings
@ Orthonormal frame
v“:\/v_2f)“, u“:\/—_uQﬂ“
@ Surface energy-momentum tensor
T = /=h (Mo'9" — Ti'i")
@ Finding mass and tension

TH = AHBY) = yhey?

/ 2 / 2
v A U ~
( __UH V __uu U)

@ Equation of state for wiggly string: MT =1
(Vilenkin, 1990)(Carter, 1990)
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