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A few remarks

on the calculation

1. We fix the Lorentz gauge;

We pick up a Fadeev-Popov determinant but no ghost loops at

this order; Gauge dependent free energy but no worries

2. Torons appear always as

3. Formulas are generalizec

0/0 --> “0/0=0 regularization”

 to the anisotropic lattice -->

2 independent Wilson loo

bs since the background 1s

ditferent along 4D and the 5th dimension

4. Analytical formulas are computed numerically

5. Our working assumption:

whenever non-trivial, physical



confined

(Do = Vo5 = 0)

compact 4D

non-compact 5D
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The d-compact phase 1s stable:

=2.3, y=0.25

The compact phase (for small 3) 1s unstable to this order



The W is massless or perhaps
exponentially light:

B=2.136, y=0.25

o mf data

linear fit a 4mW(O)=O.OO1 0(5)

0.005 0.01 0.015 0.02 0.025 0.03
1/L

0.035

—



The d-compaet phase 1S separated

from the layered phase by a 2nd

order phase transition:

O mf data
fit v=0.5

—

=
agrees with

Svetitski & Yaftte:
dim reduction to 4d
Ising
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The static potential on the 1sotropic lattice:

p=2.136, y=1, L=N_=100

RO 00 COCOCOSCOCO00COCOSCODP

—— 4d Coulomb
— — —5d Coulomb




The static potential (Wilson loop) in the d-compact phase
along the extra dimension:

Potential along the extra dimension, $=2.136, y=0.25

It doesn'’t scale

with L.

v=0.55, p=0.625

The 5D force

vanishes 1n the
infinite volume-
continuum limit:
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The short distance static potential in the d-compact phase
along the 4d hyperplanes:

54 large and 65 small

=2.136, y=0.25, L=N5=200

o mf data
4d Coulomb
- — =5d Coulomb

In the stability region r=10...50 the potential 1s clearly
4d Coulomb, large Yukawa excluded

>

dimensional reduction 1n the d-compact phase







Gauge

coupling

Confined phase

-

-

compact 4D

N
non-compact 5D

confined

We are somewhere
around here

Higgs coupling







What are we trying to do (preliminary analysis)?

In the Luescher & Weisz paper: Our formalism:

4d potential, y=0.55, p=0.625

AR B0 O
DDDDDDDDDD O

w OO0
07, 00000 5O
o ©

L=100
L=126
L=150
L=200
L=250
L=300

— Luescher 4d
Luescher 5d

0.25 0.3




Systematics are not under control yet...
e.g. if the 1/r*2 or the log term 1s not included in
the ansatz:

o formula 1 new o formula 1 new
o formula 2 new o formula 2 new
o 1/2 3 dF(r)/dr

— Luescher 4d

Luescher 5d

also, 1f we move along the line of the phase transition,
...the value of the Luescher term shifts a bat...



Conclusions

1. The non-perturbative regime of 4d gauge theories can be

probed analytically by the mean-field expansion in 5d

2. The phase diagram has a 2nd order phase transition where the
system reduces dimensionally to an array of non-interacting
“3-branes” and where the continuum limit can be taken

3. In a dimensionally reduced phase there are etfects of
confinement and of the associated string

4. Controlling the systematics 1s in progress



The continuum limit can be taken:

v=0.25, p=1.44333

The physical charge at fixed p =

mywy

mpy

—



The long distance static potential in the d-compact phase
along the 4d hyperplanes:

p=2.136, y=0.25, L=N_=200

[uescher term

!

L(z) = as [V(r) +m/(87)]
and fitto o0x + [t + co In(x)




Comparison Mean-Field vs Monte Carlo:
(sample)

p=2.3, L=N_=16

o MC data, y=4
© mf data, y=12
¢ mf data, y=4

MC data generated by M. Luz



The raw data...
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Yes, 1t scales with the lattice size...

Potential in the 4d hyperplanes, f=2.136, y=0.25

. L[=32,N_=32
. L=64,N_=64
., L=64,N_=32




No, 1t can not be 5D Coulomb or Yukawa:

Potential in the 4d hyperplanes




