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Introduction

@ Gauge-Higgs Unification (GHU) was first introduced by N. Manton *, D. Fairlie?
and Y. Hosotani 3.

@ Our approach originates from a Non-perturbative description of GHU (NPGHU)*

@ NPGHU: A 5d Yang-Mills model defined on a hypercubic orbifold lattice,

anisotropic in the fifth dimension. The anisotropy parameter then is v = as/as.
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lA New Six-Dimensional Approach to the Weinberg-Salam Model, Nucl.Phys. B158 141.

Fields and the Determination of the Weinberg Angle, Phys.Lett. B82 97
Dynamical Gauge Symmetry Breaking as the Casimir Effect, Phys.Lett. B129 193
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4M. Alberti, N. Irges, F. Knechtli and G. Moir, Five-Dimensional Gauge-Higgs Unification: A Standard Model-Like
Spectrum, JHEP 1509 159.
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Introduction

@ Our ultimate goal is:

@ Three phases separated by first order phase transitions.
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Introduction

@ Three phases separated by first order phase transitions.
@ Our ultimate goal is:

» To project this picture on the continuum language.
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Introduction

@ Three phases separated by first order phase transitions.
@ Our ultimate goal is:
» To project this picture on the continuum language.
» To understand the connection between Lattice and continuum Phase
Transitions.

> To analyze the Renormalization Group (RG) flows and the new Higgs
Mechanism.

@ In Part | the lowest non-trivial order in small lattice spacing expansion is
considered.
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Introduction

@ Three phases separated by first order phase transitions.
@ Our ultimate goal is:
» To project this picture on the continuum language.
» To understand the connection between Lattice and continuum Phase
Transitions.
> To analyze the Renormalization Group (RG) flows and the new Higgs
Mechanism.
@ In Part | the lowest non-trivial order in small lattice spacing expansion is
considered.
@ Boundary and Bulk are decoupled.
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Introduction

@ Three phases separated by first order phase transitions.
@ Our ultimate goal is:
» To project this picture on the continuum language.
» To understand the connection between Lattice and continuum Phase
Transitions.
> To analyze the Renormalization Group (RG) flows and the new Higgs
Mechanism.
@ In Part | the lowest non-trivial order in small lattice spacing expansion is
considered.
@ Boundary and Bulk are decoupled.
@ The lattice gauge variables consist of the links

U(nu, N) = ePveshulmm) - gy = AN TA
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Introduction

@ Three phases separated by first order phase transitions.
@ Our ultimate goal is:

» To project this picture on the continuum language.

» To understand the connection between Lattice and continuum Phase
Transitions.

> To analyze the Renormalization Group (RG) flows and the new Higgs
Mechanism.

@ In Part | the lowest non-trivial order in small lattice spacing expansion is
considered.

@ Boundary and Bulk are decoupled.

@ The lattice gauge variables consist of the links

U(nu, N) = ePveshulmm) - gy = AN TA

@ The orbifold condition on the links read

(1-N)U(hu,N) = 0, T=RT,
Roy = fAm = (nu,—ns)
RU(nm,v) = U(Am,v)
RU(nwm,5) U(Am —5,5)
TeU(nu, N) = gU(nu, N)g™*
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Continuum limit

sbulk

@ The Euclidean anisotropic orbifold lattice action reads Sg1,7, = She 17,

sl/z
with

551/’;2 = ﬁ Z"u |:B4 ZM@ ;tr{l - U(l ("ua )} + 55 Z tI‘{l MS(HMaO)}:|

SS s = ahe Lonns [@: Y {1 = U (s, ms)} + Bs 32, tr {1 — Ups(ny, ns)}}

2N,
@ = 2"’%35 = g and (35 = asza“ = (v, are dimensionless lattice couplings given by

@ Expanding the Wilson plaquettes to leading order in the lattice spacing we end up
with

551/22 = Z,—,u 32’35 |:;1; ZM v F;?.VF;:EV + Zy, |b#¢|2

bulk 4 1A A
St'/z, = 2on, @ D2ng 3 2oy 7 Frun Fian
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Leading order continuum action

@ The gauge fixed 5d continuum orbifold action reads

Ssi/n, = [ d°x {Asp(xs){—iF@NF;}N — & (OmAY) + 8MECD,\CABCB}

+5(X5){_111F3VF3V + |Du‘i5|2 - i(@‘Ai)z + 8H538HC3}:|

@ We use the DR version of e-expansion, d =4 — . ¢ = 0 for the boundary, e = —1
for the bulk.
@ Boundary: auxiliary dimensionless coupling a4, = ﬁud_"gg. Ba, = %“’aﬁ,
ou(p) = 3u2 :
vln IL}
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Leading order continuum action

@ The gauge fixed 5d continuum orbifold action reads

Ssi/n, = [ d°x {Asp(xs){—iF@NF;}N — & (OmAY) + 8MECD,\CABCB}

+5(X5){_111F3VF3V + |Du‘i5|2 - i(aqu)z + 8H538HC3}:|

@ We use the DR version of e-expansion, d =4 — . ¢ = 0 for the boundary, e = —1
for the bulk.
@ Boundary: auxiliary dimensionless coupling a4, = ﬁud_"gg. Ba, = %“’aﬁ,
ou(p) = 3u2 :
vln 4}
I

@ Relevant Operator: O3 = Auqﬁauq; with YOu5 = 0.
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Leading order continuum action

The gauge fixed 5d continuum orbifold action reads

Ssi/n, = [ d°x {Asp(xs){—iF@NF;}N — & (OmAY) + 8MECD,\CABCB}

+5(X5){_111F3VF3V + |Du¢|2 - i(aqu)z + au538u53}:|

@ We use the DR version of e-expansion, d =4 — . ¢ = 0 for the boundary, e = —1
for the bulk.
@ Boundary: auxiliary dimensionless coupling a4, = ﬁud_"gg. Ba, = Z%aﬁ,
ou(p) = 3u2 :
vln 4}
7

@ Relevant Operator: O3 = Auqﬁauq; with YOu5 = 0.

@ Only a Gaussian fixed point (G), at as = 0.
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Fixed Points and anomalous dimensions

@ Bulk, in the g5 basis: we use the auxiliary dimensionless coupling

_ 4 . d-4_2 _ 11ag — 3p
as50 = Gl 8.0 Bas = a5 — =37, as(1) = tanomam s M
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Fixed Points and anomalous dimensions

@ Bulk, in the gs basis: we use the auxiliary dimensionless coupling

_ 4 . d-4_2 _ 11ag — 3p
as50 = Gl 8.0 Bas = a5 — =37, as(1) = tanomam s M

@ Relevant Operator: Oaaa = g5(OmAn)AmAn with two fixed points.

Fotis Koutroulis (NTUA) RG flows in Non-Perturbative Gauge-Higgs U 6 /10



Fixed Points and anomalous dimensions

@ Bulk, in the gs basis: we use the auxiliary dimensionless coupling

_ 4 . d-4_2 _ 11ag — 3p
as50 = Gl 8.0 Bas = a5 — =37, as(1) = tanomam s M

@ Relevant Operator: Oaaa = g5(OmAn)AmAn with two fixed points.
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Fixed Points and anomalous dimensions

@ Bulk, in the gs basis: we use the auxiliary dimensionless coupling

_ 4 d-4_2 _ a3 — 3u
as50 = Gl 8.0 Bas = a5 — =37, as(1) = tanomam s M

@ Relevant Operator: Oaaa = g5(OmAn)AmAn with two fixed points.

» G: a5, =0 and Yo =0
» W-F: a5, = 1—31 and Yo = —1.5
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Fixed Points and anomalous dimensions

@ Bulk, in the gs basis: we use the auxiliary dimensionless coupling

_ 4 d4_2 _ lof — 3u
as50 = Gl 8.0 Bas = a5 — =37, as(1) = tanomam s M

@ Relevant Operator: Oaaa = g5(OmAn)AmAn with two fixed points.

» G: a5, =0 and Yo =0

» W-F: a5, = 1—31 and Yo = —1.5

» The critical exponents as the WF fixed point is approached are v =1
and n = —0.9.

@ (3, goes to zero as 1 — s = 00 and as approaches as..
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Fixed Points and anomalous dimensions

@ Bulk, in the gs basis: we use the auxiliary dimensionless coupling

_ 4 d4_2 _ lof — 3u
50 = Goph' &0 Bag = a5 = 57, as(1) = o rimyram A5 M

@ Relevant Operator: Oaaa = g5(OmAn)AmAn with two fixed points.

» G: a5, =0 and Yo =0

» W-F: a5, = 1—31 and YO = —-1.5

» The critical exponents as the WF fixed point is approached are v =1

and n = —0.9.
@ (3, goes to zero as 1 — s = 00 and as approaches as..
@ The RG flow for the marginally irrelevant boundary coupling, as(u) reads
00,
RN~ % uv

<

0 A

Fotis Koutroulis (NTUA) RG flows in Non-Perturbative Gauge-Higgs U 6 /10



Phase diagram of the bulk

@ Non-perturbatively, Bulk exhibits two possible phases®, a Coulomb and a Confined
phase, separated by a line of first order phase transitions.

63

¢ = N W
SRR WICRE NS

o

0 1.01.21.41.61.82.02.22.42.6 Ba

°F. Knechtli, M. Luz and A. Rago, On the phase structure of five-dimensional SU(2)
gauge theories with anisotropic couplings, Nucl. Phys. B856 74-94
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Phase diagram of the bulk

@ We go to the space of (84, 85) couplings.

@ We define a relation between as 5 and p given by

p="L =L (F+£(BaBs,-)) >

@ In the Confined phase a special case is considered. For v < 1 the 5d space breaks
into approximately independently fluctuating 4d planes, called the layered phase.

@ The perfectly layered phase is when 5 = v = 0.

Coulomb

B
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Conclusions

@ The continuum action of an anisotropic 5d orbifold was determined.
Orbifold conditions imply a 4d massless scalar QED on the boundary
and a 5d SU(2) Yang-Mills model on the bulk. At the lowest
non-trivial order in small lattice spacing expansion boundary and bulk
are decoupled.

@ The renormalization program was performed separately for the
boundary and the bulk. 3, was obtained with the usual way. B, was
determined with e-expansion procedure, expanding around d =4 — ¢
fore = —1.

@ The fixed points for both boundary and bulk couplings were
determined. On the boundary there is only a Gaussian fixed point. On
the bulk there are both a Gaussian and a Wilson-Fisher fixed point.

@ The bulk phase diagram exhibits a Confined and a Coulomb phase.
At the (B4, B5) plane, for v = 0 the 5d space enters in layered phase.
In that case, both a qualitative and a quantitative matching of the
g-expansion and of the non-perturbative phase diagrams is performed.
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Thank You
For Your Attention
( 1 BET that now all of you want to go to the Farewell )
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