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The basic idea
Y. Hosotani, Phys. Lett. B126, 309 (1983)

N. Manton, Nucl. Phys. B158, 141 (1979)

Aum(x,y) in higher dimensions

four-dim. components A, extra-dim. component A,
I U

4D gauge fields (v, W, Z) = 4D Higgs field (H)
I

EW symmetry breaking
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The Hosotani Mechanism v. Finite Temperature QCD?

QCDatT#0 (M=R®xS'")
Gross, Pisarski, Yaffe, Rev. Mod. Phys. 53, 43 (1981)
bosons PERIODIC e

fermions ANTI-PERIODIC
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The Hosotani Mechanism v. Finite Temperature QCD?

QCDatT#0 (M=R®xS'")
Gross, Pisarski, Yaffe, Rev. Mod. Phys. 53, 43 (1981)

bosons PERIODIC I
fermions ANTI-PERIODIC

N, (p=0) = m3 = 3P T2(No + INy)
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The Hosotani Mechanism v. Finite Temperature QCD?

QCDatT#0 (M=R®xS'")
Gross, Pisarski, Yaffe, Rev. Mod. Phys. 53, 43 (1981)

bosons PERIODIC -
fermions ANTI-PERIODIC

nMV(p = 0) = ms = 1§g2 T2(Nc + 1§Nf)

Now Consider:

QCDon M=R®x S’
bosons PERIODIC
fermions PERIODIC
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The Hosotani Mechanism v. Finite Temperature QCD?

QCDatT#£0 (M= R8 x S
Gross, Pisarski, Yaffe, Rev. Mod. Phys. 53, 43 (1981)

bosons PERIODIC
fermions ANTI-PERIODIC

N, (p=0) = mg = TP T2(Ne + INy)

Now Consider:

QCDon M=R®x S'
bosons PERIODIC
fermions PERIODIC

m2 = 192 T2(N; — Ny)
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The Hosotani Mechanism v. Finite Temperature QCD?

QCDatT#£0 (M= R8 x S
Gross, Pisarski, Yaffe, Rev. Mod. Phys. 53, 43 (1981)

bosons PERIODIC
fermions ANTI-PERIODIC

N, (p=0) = mg = TP T2(Ne + INy)

Now Consider:

QCDon M=R®x S'
bosons PERIODIC
fermions PERIODIC

=10°T?(N. — N;)  Whatif Ny > N, ?
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The Hosotani Mechanism v. Finite Temperature QCD?

QCDatT#0 (M=R®xS'")
Gross, Pisarski, Yaffe, Rev. Mod. Phys. 53, 43 (1981)
bosons PERIODIC e

fermions ANTI-PERIODIC

My (p=0) = mj; = 397 T2(Ne + 3 Nr)

Now Consider:

QChon M=R®x S' if Ny > N,

bosons PERIODIC
fermions PERIODIC

MR = g2 T?(Ne — Ny) (A)) #0
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Whether this occurs depends on:
@ The matter content: number of scalar and fermion fields,

@ The boundary conditions on the fields
@ The representation of the fields.

% Need matter in higher group representations to get dynamical
symmetry breaking
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In the compact dimension:

(7 N
<Ay>:a s Z@,‘ZO.
9N i=1
oyl exp i+
(W(x)) =Pexp [ig / (Ay)ady| = : 7
¥ exp iy

F,.., = 0, however: holonomies, ¢;, are physical.

(0;) are determined dynamically at the quantum level, from
minimization of Vig(61, 02,...).
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How to calculate Ve(f(e)? compact dim. = S', G = SU(2), massless matter

Vigr = Z(i)étr INDYDy, DDy = "9, — D, ()= 2o )

fermion

In y-direction, discrete Kaluza-Klein spectrum:
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1-loop SU(N) formulae, in d + 1 dimensions, (massless matter):

o gauge+-ghost matter — .
Veir = Vi + Ve 9N—E —0i,

r(d/2) cos[n( e, —0))]
+gh
fofé = —(d 1d/2[d Z Z =,

i,j=1 n=1
r(d/2) cos[n( 9, — 50)]
vf o _ d/2
Vark = Ne- 2/l d/2LdZZ ’
i=1 n=1
rd/2) cos[n(6; — )]
Pad dy2
Vet = Nu- 21/ rd/2rd Z Z ’
i,j=1 n=1
VER = VORQUEZAN, - —2Ng).

B and (3,4 are the (simple) B.C.s on matter: ¢(y + 27 R) = €%y (y).
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For massive fermions, use dimensional regularization
H. Hatanaka and Y. Hosotani, arXiv:1111.3756

Veff = /

1 rM-d/2) d/2

- T (4n)d2 de

Zln 2+ k2), k= (iRX)ZjLM% x=2

o

'(z 1
Zn:k,‘,’ = 2mj§dzz—lnp) Pz _ ¥

sin® x

eg.p(z) = 1-—
9-7(2) sin® TRVZz2 + MR

1 e _ )
VSH_W)"/Zr(d/Z)/o dyy?~"In p(iy)
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Vereh __ Example: SU(2) with Periodic BC’s
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Vfggh v with Fundamental Fermions
N\ & If Ny > Ne: (Ay) =7 = W & Center,,,
2 \\\ //,
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g+gh .|,
Veff -
™N s
X ,//
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e ] \ / : L i
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Gauge Symmetry Dynamically Broken!
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SU(3) with Periodic BC’s

;.; N

N
=
L

2L

4

7

N
s
%
=

22
o
ot




For M® x S with Periodic BC’s:

SuU(2) for Ne < 2—4Ny,

SU(2)—>{ uQl) for 2—4N,, < No < 8Ng—4

3 Ho Syn, Br, m——
su{2y -> u{1) me——

N.ad joint
-
o

a 2 4 5 8 18 12
N_fundanental
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and

SU(3) for Ny < 33— 6Ny,
SU@3) — U(1)? for 3—6Ny < N < 6Ny —3,
SU(2) X U(1) for 6Nad -3 < Nf < 18Nad — 97

SUC3) => UE1)"2 m—
SUC3) > SUC2IXUCL) m—

N_ad joint
"
)

a

a 2 4 6 8 18 12 14
N_fundanental
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G. Cossu and M. D’Elia (arXiv:0904.1353)
d=3+1(16%x4), staggered N,;; =2, Periodic BC's
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G. Cossu and M. D’Elia (arXiv:0904.1353)
d=3+1(16%x4), staggered N,;; =2, Periodic BC's
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G. Cossu and M. D’Elia (arXiv:0904.1353)
d=3+1(16%x4), staggered N,;; =2, Periodic BC's

I
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G. Cossu and M. D’Elia (arXiv:0904.1353)
d=3+1(16%x4), staggered N,;; =2, Periodic BC's
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G. Cossu and M. D’Elia (arXiv:0904.1353)
d=3+1(16%x4), staggered N,;; =2, Periodic BC's
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Similarly, J. Myers and M. Ogilvie (arXiv:0707.1869v2)
d=3+1 (243x4), S= Sw + > ; HaTr aP(X)
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SU(3) Polyakov loop histogram at 8 = 6.5, Hy = —0.1.
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m-3 phase diagram

from: G. Cossu and M. D’Elia (arXiv:0904.1353)
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But, what can we tell about local gauge symmetry
(breaking)?

Look at correlators:

In this talk:
@ Gluon Propagator

@ Polyakov Loop Correlator

In future:

@ Meson spectrum
@ Static quark potential
@ Thermodynamics
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Gluon Propagator

Method:
@ Lattice Landau Gauge:

For given U, (x), maximize I(U,; G), with respect to G(x)

I(Uy; G) =ReeTr Y G'(x)Uu(X)G(x + p)

MULG) _ Z[UG(X)—UE(X_“)} =0

UH(X) ~ glaAu(x)
@ Fourier transform A, (x)
@ Compute:

Y, 2 / _ q qv
< A (q)A(q) >=D(q) = (m - e )5abD(q2>
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For comparison:
Typical gluon propagator, g>D(g?), in the confined phase:

C. Alexandrou, Ph. de Forcrand, and E. Follana: hep-lat/0008012
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Gluon propagator, g°D(g?), on Adjoint fermion lattices (V = 162 x 4)
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For qualitative comparison, Pure gauge correlators

V = 16° x 4, same B values: 5.3,5.7,5.95,6.5

only 100 lattices at each 3
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Polyakov loop correlators

c(r)=Re <TrP(x) Tt PT(x +r) > - < TrPTr PT >

_§

B
gk
=

-
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Polyakov loop correlators
“Simple” (Tr P) version:

c(r) =<TrP(x) Tt PT(x+r)> - <TrPTrPT >

beta=5.30 ——
beta =570 —<—
beta=5.95 —x«—
beta=6.50 —=—
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Criticism: Tr P “assumes” SU(3) symmetry.

or, at least, dilutes any evidence

@ Compute correlators of elements: ¢(r) =< P,-,-(x)PL,,(x +r)>
.
Poo==Pof > Pc':lz
P=1 - Dife=piz
]
' - P22

James Hetrick LATTICE 2013-Uni. Mainz



0.03

"cp00p01"  +
"cp00p02"  x
“cp00p12" %
“cp00pll" o
0.025 |- “cp00p22"
“cp11p01"
"cp11p02"
"cpllpl2" &
"cp11p22"
"cp22p0l” v
"cp22p02"
"cp22pl2" o

0.02

0.015

0.005 4 ¢ o BEGe onoolon ooasene Seoo ou e s
L L L L

0 2 4 6 8

B =5.30 Confined Phase
symmetry: SU(3)

James Hetrick TTICE 2013-Uni. Mainz



0.03

"cp00p01"  +
"cp00p02"  x
"cpoOp12"
"cp00pll” o
0.025 | "cpo0p22" i
"cp11p01”
"cp11p02"
- "cpllpl2" &
"cpl1p22"
L in "cp22p0l” v |
0.02 LI "cp22p02"
oo "cp22pl2" o
B Baluny S gy T R ——————
0.015 | 4
001 | 4
0.005 ¥ % B B R GO0NGU0H DONNOES G000 0o HHNNN P00 § =
L L L L
0 2 4 6 8
B =5.70 De-Confined Phase
symmetry: SU(3)
James Hetrick TTICE 2013-Uni. Mainz




0.03

0.025

0.02

0.015

"cp00p01"
"cp00p02"
"cpOOp12"
"cpOOp11”
"cpO0p22"
"cp11p0l”
"cp11p02"
"cpllpl2”
"cpl1p22"
"cp22p0l”
"cp22p02"
"cp22p12”

B 0 B A QUOURON DONOOON D000 OO KOO0 BN
I I I

0 2 4 6

B =15.95 Skewed Phase
symmetry: SU(2)x U(1)

James Hetrick




0.03

"cp00p01"  +
"cpo0p02"  x
"cp00p12"
"cp00pll" o
0.025 - "cpO0p22" B
"cpl1p01”
"cpl1p02"
"cpllpl2" &
"cpl1p22"
L "cp22p0l” v |
ooz "cp22p02"
"cp22pl2" o
0.015 - i
0.01 |- i
0.005 N “SUEnan SOy gy g | pr— N —
P U HOug SERDHON DUONIOS POaD GO (N0ON BN §
L L L L
0 2 4 6 s
symmetry:

TTICE 201

Uni. Mainz




Conclusions:

@ Starting to simulate the Hosotani Mechanism on the lattice in
(dspace = S)XS1
@ < P > loop averages agree with effective potential

See: Guido Cossu’s talk

@ Gluon propagators do not show significant change from
de-confined phase to Hosotani-broken symmetry phases.

< AU@AG) >= DE(q) = (dur — %) 02D(¢P)
52 assumes SU(3) symmetry. Possibly compute: D#(q)?
@ Same for Polyakov loop coorelator'
including c(r) =< Pj(X)Pha(x +r) >
@ Could d = 4 + 1 be different?
@ Need to look at Dimensionally Reduced Action for this theory.

Ser = 3 [ dx@ { FEFg + Te [Dy, Aol + mPTe AZ + XTr A + ...}
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