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Il. Gauge symmetry in high temperature

Gauge theories with extra dimensions at finite T; S, x RP=2 x S}
Si~--ﬁET_1, S;---L=21R

Gauge filed A, is decomposed as A; = (AT, Ap(=1,2,...D-2), Ay)

(A;), (A,) cannot be gauged away, and the VEV is physically
meaningful, reflecting the topology of S! and S;.

x Vacuum configuration as the minimum of V. r((A4;), (4,))
x Gauge symmetry breaking through (A,); Hosotani mechanism

For the SU(N.), one takes g%(Aﬁ = diag.(¢1, -+, on), g=(Ay) = diag.(01, - - -

the mode expansion for Ay yields
(Al(cl’ n))” <o 6_2 (27Tl —|— Qi — QDj>2 —+ L_2 (27‘&")?, —+ 91 — 9j)2

Massive gauge bosons are siginal for the gauge symmetry breaking.
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% It has been studied that (A;) takes trivial values. [M.Sakamoto and K.T.,'07]

* Matter contents and their boundary conditions are crucial for (A,)

Analyses for the effective potential Ver¢((A-), (4,)) at LT > 1;

D—-1

Z Z (%) i K%(]\_@Lm) cos[2mm(a + (a,)], M; = 2%[3—1|l + {a,) + 7|

l=—00 m=1

Fermions (Antiperiodic B.C. for S;) decouple from the dynamics of (A4,), so that

Gauge theory on Gauge theory without fermions on
St x RP=2x S; RP™2x8; atT=0

Hence, the gauge symmetry realized at LT > 1 is determined by D — 1 dim.
(RP~2 x S1) gauge theory with scalars alone.

* The twisted boundary conditions are allowed for scalar fields in the S7-direction.

= Nonsymmetry restoration (NSR) / inverse symmetry breaking (ISB)



11-1 5d SU(2) models for NSR / ISB

L _ .
Si x R® x ST, g<Ay>2— = diag.(0, —0), 9<AT>2£ = diag.(p, _90)‘go:0

7 s

[N. B.] SU(2) unbroken for § = 0, 3, otherwise, SU(2) — U(1)

Players;
(N ij:dv adj» Nc{dj)a d(y + L) = e ¢(y), a = twisted B.C.
N : number of flavor,
S : scalar,
f fermion,
fd. : fundamental repre.,

adj. : adjoint repre..



A model of SNR

(Vi @) = (2 5) (i @) = (6. 5) (W @) = @0 0 (Wl @) = 2. 0)
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e The gauge symmetry, borken to U(1) at T" = 0, is not restored even in high
temperature.

e T he asymptotic value for 6 is consistent with the one obtained by the 4d effective
theory.



A model of ISB

(N;d, a) - (1, %) , (dej, a) - (5, %) , (N]{d, a) — (1, 0), (dej, a) — (0, 0)
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e The SU(2) gauge symmetry is broken to U(1) at high temperature.
e The phase transition at LT, ~ 0.8836 is the first order.

e T he asymptotic value for @ is consistent with the one obtained by the 4d effective
theory.



A model with both ISB and Higgs mechanism
(N;d, a) - (2, %) , (dej, a) - (6, %) , (N;“d, a) — (1, 0), (dej, a) — (0, 0)
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e The gauge symmetry is restored at L1,.; ~ 0.2914, and the inverse symmetry
breaking occurs at LT ~ 0.8104.

e Similar to the phase transition in the little Higgs model.



I1l. Summary

Gauge theories with extra dimensions at finite temperature; S! x RP=2 x S1.

€ Dynamical variables, (A;) and (4,).

q Behavior of the theory at high temperature; RP~2 x S}.
Decoupling of fermions from the system (from the dynamics of (A4,)).
—> gauge and scalars (twisted boundary condition for scalar fields).

—> NSR / ISB at high temperature .

IN.B]
b At high temperature, V.71 ((A,)) ~ T X Ve?f_l«Ay))

Essentially, independent of 1" at high temperature
<= Masses, couplings for Higgs fields are T-dependent at high temperature. (Higgs mechanism)

9§ Explicit examples of the model with NSR / ISB at high temperature.
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