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Intro

Motivation: why study (4+1)d YM on the lattice?

e Connect with existing extra-dim. phenomenology: based on pert.th. or string
Non-perturbative extra-dimensions ?

e d > 4: non-renormalizable — no continuum limit
Observables depend on details of UV completion

e Consider (4+1)d YM as effective theory with cutoff A of "TOE”
If Ls > 1/, then dependence on details of TOE suppressed

Here, Kaluza-Klein SU(2): sg = [d* [3®dxs ITrr2y
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Observables depend on details of UV completion

e Consider (4+1)d YM as effective theory with cutoff A of "TOE”
If Ls > 1/, then dependence on details of TOE suppressed

Here, Kaluza-Klein SU(2): g = [d*x [y®dxs STrFZy
e Lattice: 35 = ZN%%, ie. increasing [3s makes lattice coarser ??
5
e Domain-wall fermions, 4d localization,..

Farakos et al, Ejiri et al, Irges & Knechtli, Beard, Wiese et al.
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u(1)

Compact U(1) in 4 dimensions

e Two phases:
Strong coupling: confining — Weak coupling: Coulomb
First-order transition at 3, = 1.011331(15) (Arnold et al. Wilson action)
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u(1)

Compact U(1) in 4 dimensions

e Two phases:
Strong coupling: confining — Weak coupling: Coulomb
First-order transition at 3, = 1.011331(15) (Arnold et al. Wilson action)

e Can be explained by monopole condensation = DeGrand & Toussaint
Periodic action cos®p — magnetic monopoles
Bp € [-TL+TY], $46p =2kT
gauge-invariant, codim 3
conserved current — monopole loops
free en. per unit current = monopole mass
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Compact U(1) in 4 dimensions

e Two phases:
Strong coupling: confining — Weak coupling: Coulomb
First-order transition at 3, = 1.011331(15) (Arnold et al. Wilson action)

e Can be explained by monopole condensation = DeGrand & Toussaint
Periodic action cos®p — magnetic monopoles
Bp € [-TL+TY], $46p =2kT
gauge-invariant, codim 3
conserved current — monopole loops
free en. per unit current = monopole mass

monopole mass

-

percolation small loops

0 ‘ B crit B
Polley & Wiese, PdF & Vettorazzo
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u(1) T=0 T#0

Compact U(1) at finite temperature in Coulomb phase

e Probability ~ exp(—Mmonopole/T ) to find wrapping monopole loop

arbitrarily far
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u(1) T=0 T#0

Compact U(1) at finite temperature in Coulomb phase

e Probability ~ exp(—Mmonopole/T ) to find wrapping monopole loop
e Flux of wrapping monopole disorders spatial Wilson loop (<« non-wrapping)
= 050'" =&as ~ exp(+Myonop(B)/T)

Correlation length grows exponentially with size of compact dimension ‘

arbitrarily far
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Su(2) phase diag. dimred cont.lim

(4+1)d SU(2) on N x Ns lattice

S, = %5 Yi<men<a |1 — 3ReTrPyun(x)] +¥Bs Ty—1 [1 — $ReTrPys(x)]

e Y= 1 on L® lattice: 1rst-order transition Creutz 1979

L—oo

e Weak coupling is Coulomb for d > 4: Fyy, = & = S| ~ L4 == 40

checked numerically Beard et al
| 0 Confined B, Coulomb CDI
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checked numerically Beard et al
| 0 Confined B, Coulomb CDI

I
Vary Ls in Coulomb phase:

e cf. (3+1)d U(1): (Ps) # 0 as soon as Ls <
(deconfinement when compact dim. < corr. length)
e We take continuum limit in 5th direction: Ng — oo, N—f fixed <« Farakos et al
Advantages: - Continuum 5d YM theory defined by 2 dimless ratios (gZA, LsA)
— Lattice theory defined by 2 parameters:
BS_4a N5—N5NL5+

Yy
- Remove d|scret|zation error from 5th direction
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phase diag. ¢

Phase diagram

5d deconfined

251 Sdconfined 4d confined
<P5>=0

Ng/y

2 <P>#0 7
15F & .

05 —

o o5 1 15 2 25 3
Bs
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Su(2) phase diag. dimred cont.lim

Dimensional reduction (in deconfined phase)

e Zero modes at large distances (Ax > Ls) described by a 4d continuum theory:
Seff = WlLs)fdA X [3TrFA, + Tr[DyAs]? + mETrAZ +ATrAS .. |
e 4d YM + adjoint Higgs: renormalizable continuum theory

— We know something about it:
e Confinement: 0 #0

o Asymptotic freedom: 0 ~ 1y exp [ — ¢ gz(lLs)]
4
2
For a start, match in PT (tree-level):  g3(Ls) ~ ?5 =_4

— 0a? N—exp[ %ogf(lLs)] Nﬂigexp[—rtl)oNNSx&;]
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Su(2) p iag. dimred contlim

Measured 4d string tension

Dim. Red., tree-level PT:

log scale

0.25

0.125

16 1.65 17 175 18 1.85 19

Bs
oa? versus Bs, Ns = Ns/y= 2 fixed, V = 6% X Ng
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Su(2) liag. dimred contlim

“Inverse” dimensional reduction

e The 4d correlation length &4q = % increases exponentially with the size

of the compact direction cf. (3+1)d U(1)
% =Ns % ~Ns eXp(‘l‘z%ONsBs)

—— Dimensional reduction to 4d at LARGE Ng, =Lls/a!
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Su(2) liag. dimred contlim

“Inverse” dimensional reduction

e The 4d correlation length &4q = % increases exponentially with the size
of the compact direction cf. (3+1)d U(1)

a

Ls N & N AN
=Ns N5 exp(+ 55, Nss)
—— Dimensional reduction to 4d at LARGE Ng, =Lls/a!

Turn the argument around: keep 4d physics fixed
e Increasing the scale separation Ls/a = N5 makes the 5th dimension
exponentially small in 4d units Beard, Wiese et al

Laa = fixed £ ~ ex(— 55, NsPs)
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“Inverse” dimensional reduction

e The 4d correlation length &4q = % increases exponentially with the size
of the compact direction cf. (3+1)d U(1)

a

Ls N & N AN
=Ns N5 exp(+ 55, Nss)
—— Dimensional reduction to 4d at LARGE Ng, =Lls/a!

Turn the argument around: keep 4d physics fixed
e Increasing the scale separation Ls/a = N5 makes the 5th dimension
exponentially small in 4d units Beard, Wiese et al

E4a = fixed £2 ~ exp(—55-NsPs)

e Consequences:
- Can take 4d continuum limit at fixed 35 by increasing N5 Wiese
- If a/&4q is given, the extent of 5th dim. is bounded
eg. for a/&4q = Mpmac/GeV ¢ Bs > BE — Ls < 10Mp ek
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dimred cont.lim

e Effective 4d theory has 2 parameters ms and A, which depend on Ls and
“scale of New Physics” a

- 1 /d8 9g
- Leading order PT: ms ~ =1/ {2, A~ 2

- Determined non-perturbatively on the lattice

10|

s 8l

Example: ms versus a, =,
. . €
keeping % fixed
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dimred cont.lim

e Effective 4d theory has 2 parameters ms and A, which depend on Ls and
“scale of New Physics” a

2
; : 1./9 9
- Leading order PT: ms ~ LT—,\/E’ A~ L%

- Determined non-perturbatively on the lattice

10|

s 8l

Example: ms versus a, =,
keeping % fixed

41

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
2

oa
e IF LHC sees adjoint Higgs with mass ms and self-coupling A,
THEN predict Ls and a
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Su(2) ) ag. dimred  cont.lim.

Continuum limits: all 4d

ms 1 1N
NG \/m exp [+ 2bg N5[35:|

e Fix N5, let Bs — co: ga’ —0 m5 — 00, ie. 4d YM continuum limit
o Fix (35, let N5 — 00: 4d YM contlnuum limit also

e Lines of constant physics: % fixed a, < Bs\,and ELTZ — 0, ie. 4d

NS
v I\ 4dYM
Y i
{ dimensionally
confined phase | | reduced phase
R 4dYM
N
~.
Qk\_i
B
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Concl.
Conclusions

e (3+1)d compact U(1): playground for thermal monopoles

o (4+1)d SU(2): & ~exp(+3 2L5) similar to (3+1)d u(1)

?27?

confinement by codim 4 objects of mass ~ 2b092 2"
5

e (4+1)d SU(2): various 4d continuum limits (YM, YM + adj. Higgs)
e Natural scale hierarchy a < Ls < 0*%
- 5d non-renormalizable, but can push a to Mﬁénck

sy L 2
- constraint 2 < f(0a®)

e Adjoint Higgs (ms,A) «— scales (a,Ls)
e Outlook: other boundary conditions (esp. orbifold), fermions,..
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Concl.

Backup: second-order transition

Confined
Dim. red. T
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Concl.

Backup: curves of constant lattice spacing

Z
(4]

<

L \\| dimensionally reduced phase

confined phase

Fix0a? = Ls/ais bounded
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