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e The 1st order electroweak phase transition turns into a
regular cross-over at my ~ 72 GeV
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e The universality class at the endpoint?




Effective action: SU(2) gauge + Higgs in 3D:

Ly = {F5F + (D) (Dig) + mighé + Xo(6'6)’

e Dimensions: [¢p] = GeV'/2, [¢3] = [A\3] = GeV
e Theory is fixed by
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On the lattice:
o & =qyl +igo;, P* = JTrdTd

S = Pax(l- STrUn) — ﬁHxZZéTT LUy it
+§<1>2 + Op %‘(@2 —1)?

= S(;auge + SHopping + S¢2 + S<¢2_1)2

e 3¢ = 4/ag3, where a is the lattice spacing




What kind of universal behaviour we can expect?

Only 1 light exitation near the endpoint: scalar |P|
o & has SU(2),, 40 @ SU(2)igepin Symmetry:  unbroken.

— scalar-type universality: ¢*/Ising, mean field, multicritical, ?

In order to study the universality quantitatively, we:

1. Locate the V' — oo critical point (8y, Or)ait. at a fixed lattice
spacing (fixed (¢).

2. Determine the critical observables (M-like and E-like directions).
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3. Finite-size scaling (FSS) analysis — critical indices.

4. Higher moments: skewness of F.




Locating the critical point:

e Intersection of Binder cumulants — works, but cumbersome: 2-
parameter search (z,y).

e We use the following method:

— For any « ~ zqit, find equal weight yeq(z)

~ Find zr (and yeq(xr)) so that the max/min probability ratio
P /P, = R, a fixed value

— When V — o0, (va yeq(xR)) — (377 y)crit.
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e [sing model at the critical point: R ~ 2.17




Analysis at the critical point:
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Use a large number of operators O;
We use up to 6 ops: O1 = Sauge
02 — SHopping
03 — S¢2
O, = S(¢2_1)2
Os = Z\CP |
06 — Z 1TI‘V Ux z‘/x—l—z
V O /|D|
. Calculate Mij — <<Oz — <Oz>) (O] - <O]>>>
. Diagonalize M;; — A; Vi = ¢1,0;
. Probability distributions P(V;), P(V;,V})
Volume dependence: | A\ oc L2 r =0 “regular”

x # 0 “critical”

specific heat:

xp = ((E = (E))*)/L? oc LYY
magnetic susceptibility:

xur = (M = (M))*)/L* oc L




Eigenvalues A\, and eigenvector projections to operators O; at the crit-
ical point (volume 64°)

A SGauge  SHopp. D2 S(¢2_1)2 Os Og

4 operators:

M 1.28x10' 0.051  0.725 -0.685 -0.018 -~ ~

ry 8.51x10°  0.996 0.008 0.083 0.005 - -

ry  2.59%10° -0.066 0.687  0.722 0.018  — -

E  1.75x10° -0.003 0.0004 -0.0262 0.999  — =

O operators:

M 1.33x10'" 0.050 0.713  -0.674 -0.018 -0.164 -0.085
r. 8.52x10°  0.995 0.010 0.087  0.005 0.008 -0.037
ry  2.81x10° -0.078 0.655 0.687  0.026 0.136 -0.271
E 1.32x10° 0.024  0.233 0.033 -0.105 0.450 0.855
rs  4.05%10° 1x107° -0.091 -0.241 -0.217  0.836 -0.433
ry (3 2x107° 9x107° -0.081 0.970 0.229 0.002




Conclusions:

e SU(2)-Higgs shows a 3D Ising universal behaviour:
— critical indices
— joint probability distributions P(V;, V;)
— exitation spectrum

o vy = 0.11336(25) at Be =5
Terip = 0.0983(15)  continuum
— M erit = 12(2) GeV in the Standard Model

e The cigenvalue analysis of a large enough fluctuation
matrix (O,;0;) is a powerful tool in analyzing the critical
behaviour.




