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The transition

vV VY v v vY

in 1996 by Kajantie, Laine, Rummukainen and Shaposhnikov:
for my < myy first order phase transition
for my 2 myy cross over
in 1998 by Aoki, Fodor, Csikor ...:
critical endpoint (66.5 + 1.4) GeV
physical:
> my = 80.385 GeV

» my =125.9 GeV
> my > my — Cross over
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The SU(2)-Higgs-model

The SU(2)-Higgs-model

> electroweak interaction: SU(2) x U(1)
> SU(2)-Higgs-model U(1) degrees of freedom are integrated out
» does not describe: strong interaction, fermions, U(1)-gauge-fields
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The SU(2)-Higgs-model

The action

The continuum action:
1
= / dx 7 tr Fu F* + DudD" + Mo + M (6u0")’
discretisation on the lattice:

4
/d4X Du(bDu(b — Z Z (UXM¢X+ﬂ - (bX)]L (Uxu¢x+ﬁ - CbX)

x€eN p=1

[ dtxmi,0n (6,07 — 3 miole + du (616x)°

xEN
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The SU(2)-Higgs-model

Reparametrisation |

4
SS = Z Z (UXu¢x+ﬂ - (ZSX)T (UX#¢X+;1 - ¢X) + m%¢1¢x + Ak (¢1¢X)2 .

xeN p=1
A
AK = —
K
1-2\
2
= -2
bx = VEDx.

4
Ss = 0L, + A (P10, —1)° — 25 > R (Of Uy ®rs) -
xEN p=1
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The SU(2)-Higgs-model

Reparametrisation Il
4

Ss = 0L, + A (P10, —1)° — 25 > R (O Uy Prg) -
xEN p=1

writing the scalar field as matrix:

(P ®; Py )
¢(¢2>_>(—¢I ¢2>Qp

the full lattice action:

S[U, o] = BZ (1 - %tr Up,>
pl

1 1 2 4
+> (2 tr(plix) + A (2 tr(plex) — 1) - ﬁztr(s@iUxuwxw)) :

p=1
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Algorithms and observables

Used Algorithms

For simulations on GPUs:

» Heatbath-Algorithm

» Overrelaxation-Algorithm
For comparison on CPUs:

» HMC
Successfull comparison with

» Simulating the electroweak phase transition in the SU(2) higgs
model

» by Z. Fodor, J. Hein, K. Jansen, A. Jaster and |. Montvay
» published 1995 in Nucl. Phys. B439
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Algorithms and observables

Simple observables

Sl =53 (1- 3w um)
+ Z <; tr(aplgox) + A (% tr(%ttpx) - 1) —K Z tr(cpi UxMPxﬂL))

p=1
The observables:
Ry =detyp, = %tr (gaicp)() = pi
Loy = %tr (@I Uxu‘PX+ﬂ)
Pp=1-— %trU,,,
Q= (pi = 1>2

Sx = 6ﬂPPI + R« + )\QX - SKL(p,x,u,

Jana Giinther SU(2)-Higgs-model



Algorithms and observables

Autocorrelation time without and with overrelaxation
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Algorithms and observables

Correlators

Used correlators for the higgs boson mass:
Ry = det

1
Lo = 2 tr (‘PI Uxu‘Perﬂ)

Used correlators for the W boson mass:

m_1
erk - 5 tr (UrSOI UXk UXJrlA(}k Ux+2f<,k e Ux+(n71)lA<,k<px+nlA<)
(Bunk, llgenfritz, Kripfganz, Schiller: The finite-temprature phase

transition in lattice SU(2) Higgs theory at weak couplings, Nucl. Phys.
B403 (1993))
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Algorithms and observables

Renormalized coupling

The renormalized coupling

16

can be calculated from the static potential
A _mr
V(R) = C—Ee + DG(M, R)
» A, C, D, M are fit parameter (M is screening mass)

» G(M, R) are lattice corrections (1986 by Langguth,Montvay, Weisz)
The static potential can be calculated from the Wilson-Loops

V(R) =~ lim % InW(R, T)
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Line of constant physics

Line of constant physics

» Latttice: 324
» [ is constant

» )\ depends linear on x
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Line of constant physics

Masses
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Line of constant physics
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Line of constant physics
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Line of constant physics

The scale
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Electroweak scale is 0.0008 fm (246 GeV)
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Line of constant physics

The transition
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Equation of state

Equation of state

» Interaction measure:

[_ N3 aan% dr +8|n2@ dk +8|nZ dr
N /\/3 0B Ok dmy O Ok dmy ok dmy
0B Ok o\ Ok Ok
=N} —6(P, — 8(L
¢ < o) 3 Bmn Y o By T2 g‘)>amH>
» Pressure:
(.8.0) olnZ BanO
p 4/ o 1 oz 1 afnz
LAY d(k, 8N |~ B :
T ‘ (x0,B0,N0) Nth?’ B?r?Z NSONfO 8??1,820
oA X
=N}~ —6AB(Pe) — ANQ) + 8AK(L,)
> Energy density: » Entropy density:
€ 3p S _ € _ P
T =1+ F T3 T4 + T4
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Equation of state

Interaction measure /

16%x2 —— 24%3 32%4 ——
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Equation of state

Pressure p
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Equation of state

Energy density €

16%x2 —— 24%3 32%4 ——
3.35 —
33 ﬁﬁg%&m~ — sb limit |
325 r !;ﬁrﬁ% 4
&
32t i |
. *
= 315+ F i
w 3
X

3.05 | *i;% 1
'y

2.95 . . . . . . . . . . . .
50 100 150 200 250 300 350 400 450 500 550 600 650 700

T/GeV

Jana Giinther SU(2)-Higgs-model



Equation of state

Entropy density s
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Work in progress

Work in progress

> Larger lattices will hopefully make it possible to got to smaller
masses.
» First results from tuning on 48* lattices with GPUs.

> Blue Gene/Q program is ready for larger lattices.
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