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Simulations setup: initial conditions

• We report on 163843 fixed grid simulations performed using HILA 
(https://github.com/CFT-HY/HILA), ran at LUMI (8th at TOP500), 

• “Initial conditions don’t matter - string networks will be driven 
towards an attractor”. Yes, but dynamic range is not infinite. It is 
always possible one never quite reaches this attractor.
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• Gaussian random field with different initial correlation   lengths at 
conformal time , diffusion until  

• “core growth” (also known as conformal strings) until , after that 
radiation epoch evolution until half-a-light crossing time

lϕ
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ϕ − ∇2ϕ = − a2λ(ϕTϕ − η2)ϕ

https://github.com/CFT-HY/HILA


Simulations setup: observables
• Understanding and interpreting the evolution of this dynamical system, requires measuring both string length and velocity 

• Measure string length, in both Universe frame (left, other groups do this only) and string rest-frame (right, related to 
energy density, what VOS predicts):

3

<latexit sha1_base64="iGdJCsW9JgD8Sjt96xZtVa1+MW8="></latexit>

np ! number of plaquettes pierced by strings
<latexit sha1_base64="pjFoiW6ssbWSSrGPml7p/3tts5M="></latexit>

µW ! wighted energy per unit length
<latexit sha1_base64="0TIYHT+sx1gggFtcW5iPv6DzpCw="></latexit>

fV,W ! fraction contributed by the weighted potential energy density
<latexit sha1_base64="y8WvYKll04yLQO9NGHhH5RDciDc=">AAACBHicbVDLSgNBEJyNrxhfUY+5DAbBU9gViR6DEvAYwTwgCWF20kmGzM4uM71qWHLw4q948aCIVz/Cm3/j5HHQxIKGoqqb7i4/ksKg6347qZXVtfWN9GZma3tndy+7f1AzYaw5VHkoQ93wmQEpFFRRoIRGpIEFvoS6P7ya+PU70EaE6hZHEbQD1leiJzhDK3WyuTJtadEfINM6vKcthAdMygp0fzTuZPNuwZ2CLhNvTvJkjkon+9XqhjwOQCGXzJim50bYTphGwSWMM63YQMT4kPWhaaliAZh2Mn1iTI+t0qW9UNtSSKfq74mEBcaMAt92BgwHZtGbiP95zRh7F+1EqChGUHy2qBdLiiGdJEK7QgNHObKEcS3srZQPmGYcbW4ZG4K3+PIyqZ0WvGKheHOWL13O40iTHDkiJ8Qj56RErkmFVAknj+SZvJI358l5cd6dj1lrypnPHJI/cD5/ACH5mHE=</latexit>

E ! Energy
<latexit sha1_base64="DrkQ3oMY4lH9n2UpampRpoy39pg=">AAACCHicbVC7SgNBFJ2N7/hatbRwMAhWYVckWoo2FikimAckIdydTDZDZmeXmbtqWFLa+Cs2ForY+gl2/o2TR+HrwIXDOfdy7z1BIoVBz/t0cnPzC4tLyyv51bX1jU13a7tm4lQzXmWxjHUjAMOlULyKAiVvJJpDFEheDwYXY79+w7URsbrGYcLbEYRK9AQDtFLH3SvTlhZhH0Hr+Ja2kN9hVoZQgwoFqFHHLXhFbwL6l/gzUiAzVDruR6sbszTiCpkEY5q+l2A7A42CST7Kt1LDE2ADCHnTUgURN+1s8siIHlilS3uxtqWQTtTvExlExgyjwHZGgH3z2xuL/3nNFHun7UyoJEWu2HRRL5UUYzpOhXaF5gzl0BJgWthbKeuDBoY2u7wNwf/98l9SOyr6pWLp6rhwdj6LY5nskn1ySHxyQs7IJamQKmHknjySZ/LiPDhPzqvzNm3NObOZHfIDzvsXQ/GaKg==</latexit>

L ! Lagrangian

• String separation  and the related                           String density parameter .  

• Some groups measure velocity, although not all:                       Important consistency check:     
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Standard Scaling Analysis: Main result

• We observe convergence of rest-frame string density parameter, . Well-predicted by the naive (c, k) VOS! 

• Velocity is under predicted by the simple VOS roughly by 5%  we need a more complete model. 

• We therefore find it justified to extrapolate from standard scaling:              and     

ζr

→

̂ζr,* = 1.491(93) ̂vL,* = 0.5705(93)

4

0 1000 2000 3000 4000
tms

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

0.80

v L

l¡

5

10

20

40

80

160

320

0 1000 2000 3000 4000
tms

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

≥ r

l¡

5

10

20

40

80

160

320

̂ζw,* = 1.220(57)

NOTE: 

  coincides with . 
Convergence after boost!

̂ξwγ( ̂vL) ̂ξr

max(ζW) = 1.46



Thank you! / Tack så mycket!


