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A few remarks on the calculation

We choose the Lorentz gauge. No ghosts at this order.
Torons appear always as a 0/0: “0/0=0 regularization”.

Formulas generalized to the anisotropic lattice. There
are two nequivalent Wilson loops: one along the 4d
and one along the 5th dimension.

Analytical formulas computed numerically. -

Working assumption: whenever non-trivial, physical.
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The W is massless or perhaps
exponentially light:

B=2.136, y=0.25

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

0.005 0.01 0.015 0.02 0.025 0.03 0.035
1/L




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

FOTOOCOCOSCOHCOHCOOCGHSOOCGOHCOBCOD

O mf data
—— 4d Coulomb
— — —5d Coulomb




v=0.55, p=0.625, 0.2

The static torce 1n the

d-compact phase
along the 4D

y=0.55,p=0.625,s=0.2

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
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Short distance

ansatz: V(r)= u+ |

Aq(j s = 0.277

The short distance 1s 4D The 5D behavior gradually
asymptotically free disapperas



Long distance

Luescher & Weisz:




simultaneous plateaus for 7/rs € [2.15, 2.80]

ansatz: V(r) = pu+ or + colog(r) + oo C—g
T

«10° V=055,p=0625,1=400,5=02 y=0.55,p=0.625,L=400,s=0.2

o discretization 1
o discretization 2|

o discretization 1

o discretization 2|
— Luescher 4d
Luescher 5d

3 3.5

y=0.55,p=0.625,L=400,s=0.2

O discretization 1
o discretization 2|

o discretization 1
o discretization 2

1.5 2

r/r
S




continuum limit: (L — 00, 8 — 8.)y p—const <= continuum limit

y=0.55 , p=0.625 , s = 0.2 y=0.55 , p=0.625 , s = 0.2

o mf data
— linear fit
* ¢l
— — — 4d Luescher coeff.

o  mf data
—— linear fit
* .l

v=0.55, p=0.625,s=0.2

o mf data
—— linear fit

]/E_ _E * el

o mf data |-
linear fit
* ¢l




0.01,

0.01,
(a 4/rs)

(a 4/rS)

rsmp has a p independent hmit  p controls the size of the box

There are limits on the physical size (for a given L):

* The box cannot be arbitrarily large: p < pinst

* The box cannot be arbitrarily small: p > pqgr



Observations

Vors =0.0433(13) — Agz/\o ~ 6.4

compare to: Aé;—(M)/\/E ~ (0.68(10) why so small?
from the figures: /ol =0.69 the box is barely large enough

but it is large enough: ¢; = —0.2586(23)

the 4d Luscher term!

Be

to 1Increase the box size: 5

2
S ECE
= (pL)



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 effects of
asymtptic freedom, confinement and of the associated
string



Outlook

1. On the interval (i.e. the orbifold) the Higgs Mechanism
can be attacked by such methods
(work 1n progress with F. Knechth and K. Yoneyama).

2. Monte Carlo simulations can be performed to compare with
the mean-field results

(work 1n progress by F. Knechth and A. Rago).

3. It the general principle 1s correct one should be able to apply
this method to describe any (high enough dimensional) non-
renormalizable system, say gravity.

Perhaps a different approach to gravity, ala Horava-Lifshitz...



Appendix

The definitions of the various couplings:

a=L o) =—al) ¢ =—(6/e

The 2-loop RG evolution for the G-G theory:

—=britoh ) S
chjr = (b092) /( )6 1/(2bogg”)

bo = 7/(4m)* b1 = (115/3)/(4m)*

The Sommer scale:

D



Vi) ={V(z+1) —V(z=1)}/2

V- Aizf = Vg DFV(io—1r=2V(x)
V (2)=V(z+2)—V(ie—2)=2V(z+1)=V(z—=1)]/2

Vo =Viz 2 +Viz 2 —4Viz+ 1D+ Vie D+ 6Vix

Discretization formulae:

The short distance coethcients: V(1) = p A == Ci

TEGEE— 2x3vﬁ(az) + /2x47m( ) =

&(z) = —1/22*V" (z) — 1/62°V" (x)

The long distance coethcients: V(r) = p+ or + St - [ log(r)

|
r 2

5(z) =V () + 32V () +3/22°V (z) +1/62°V" (z)
(z) = —62°V (z) —42°V (2) — 1/22*V " (z)
c1(x) —43337/,( )—7/2x4VW( )—1/2x5VW( )
(

7) = 1/22*V (z) — 1/22°V  (2) + 1/122°V  (2)
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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



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



