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Talk is based on published results last year:

l. Topology and higher dimensional representations.

Published in JHEP 0908:084,2009.
e-Print: arXiv:0905.3586 [hep-lat]

2 « Nearly conformal gauge theories in finite volume.

Phys.Lett.B681:353-361,20009.
e-Print: arXiv:0907.4562 [hep-lat]

3 « Chiral properties of SU(3) sextet fermions
e-Print: arXiv:0908.2466 [hep-lat]

4. Chiral symmetry breaking in nearly conformal gauge theories
e-Print: arXiv:0911.2463 [hep-lat] PoS Lattice 2009

5. Calculating the running coupling in strong electroweak models
e-Print: arXiv:0911.2934 [hep-lat]

and unpublished new sextet analysis soon to be published



Conformal windows in theory space

20
N o o
. f Predictions from Schwinger- Chris Schroeder and Daniel
Dyson approximations Nogradi are twin engines of two
16 not reliable! projects:
7
14 /// . . .
A Project 1: in fundamental rep with
12 // \ N=3 colors with
) Banks-Zaks Fixed Point Nf=4,8,9,10,11,12,14,16,20 flavors
10 4
8 INdey Project 2: 2-index symmetric rep
/// \\ \ anf,éymm fl". (SeX"'e"')
617 RN F Ic N=3 colors and Nf=2 flavors
4 >~ —T | |
, i both projects use 2-stout
- -:-_-:-_-;—_::?'_::';E..?_':E_:‘_'_'.é'.__'___'.'f______ﬂ dynamical staggered fermions
0 BZ FP- 5 5 5 tree-level Symanzik gauge action
2 T 4 6 8 10

We only run with N=3 colors
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Evolution of nearly conformal gauge model with volume

What is the finite volume spectrum?
How does the running coupling g°(L) evolve with L?

At small g°(L) the zero momentum components of the gauge field
dominate the dynamics: Born-Oppenheimer approximation

Originally it was applied to pure-gauge system: Luscher, van Baal

SU(3) pure-gauge model: 27 inequivalent vacua

Low excitations of Hamiltonian (Transfer Matrix) scale with

2/3
will evolve into glueball states for large L g (L)L

Three scales of dynamics: (1) WF is localized on one vacuum (perturbation theory)
(2) tunneling accross vacua on second scale (nonperturbative, calculable)

(3) over the barrier: confinement scale (nonperturbative, not calculable)

third stage is either broken chiral symmetry or conformal



Quantum vacuum is at minimum of Veff(C) when massless fermions are turned on
early work by van Baal, Kripfganz and Michael

Fermions develop a gap~ 7T/L in the spectrum

k=(1,1,1) antiperiodic minimal when =0 (mod 2 7T) A=0 A=0P; =1

k=(0,0,0) periodic minimal when 77:0 nontrivial vacua P; = exp(+2ni/3)

Polyakov loop distributions probe the vacua

3
3-stout, N =16, 123x36, beta=30.0, m=0.005, pbc 3-stout, Ng =16, 12"x36, beta=18.0, m=0.001, apbc
I Spétialx' o 6k spatial x ~ © ]
0.6 F spatialy  © . 0.6 spatialy  ©
Spatialz © spatialz o©
04 F - 04 F .
0.2 F . - 0.2 F .
by )
@ C
c S 0
.(@ O L g
= £
— -0.2 .
-0.2 F -
-0.4 .
-04 -
-0.6 .
'06 B n [ [ [ 1 I 3

- R S 06 -04 -02 0 02 04 0.6
06 -04 -02 0 02 04 06 Real

Real

Check first that simulation reached stage 3 where testing begins in ernest



Nf=12 fundamental representation

(1) Chiral symmetry breaking hypothesis
(2) First crude asymptotic tests include

(a) Goldstone spectrum, parity partner? tantalizing

(b) M, ~ m asymptotics difficult

(c) NLO expansion in p regime has question marks

(d) Is F*L large enough? not at Nf=12

(e) Can RMT help? only if F*L is large enough

(3) Use running coupling tests to complement chiral analysis (Kieran Holland’s talk)

(4) Check whether conformal picture provides alternative what is it?
has to be better then simple power fits of “anomalous dimensions”
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Chiral regimes to identify in theory space:

€ Goldstone dynamics is different in each regime

chiral pregime We study O and € -regimes (RMT)

"""""""" 1 and p-regime (probing chiral loops)
' complement each other
interpretation of rotator levels in m, 2 — 0 limit:

rotator => pion

energy gap M = 2Bm,
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One-loop expansion in our analysis of p-regime:

Leutwyer, Gasser, P. Hasenfratz,
Niedermayer, Hansen, Neuberger,
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F?L; - L,
We use staggered action with stout smearing
Taste breaking can be included in staggered perturbation theory!
structure changing as Nf grows
If F*L is not large enough, everything is beginning to break
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Nf=12 runs are away from crossover region !
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- Pattern similar to Nf=8 case!

- Consistent with chiral symmetry breaking

- Can this be improved? Hard ...

- What would be the conformal phase analysis?
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new. run ?

new.run ?

M, ~,/2Bm, regime has not been reached yet
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Even then F*L squeeze remains a problem
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Some features of Nf=4,8,9,12 runs:
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Nearly degenerate Goldstone spectra

stout action performs very well ® ol
Chiral condensate measured in F unit )
is enhanced as Nf increases

E <Jl// >1/3
Nf=4 B/F = 53(6) oo F

per fermion flavor
Nf=8 B/ F = 157(17) renormalization scale
Nf=12 B/F = 173(32) is not set

large errors, preliminary, limited to Ls=32!
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The F*L squeeze
(epsilon, delta and p regimes are all connected)

1
E = 2—91(1 +2) with [ =0,1,2,... rotator spectrum for SU(2)

C(N,=2)

with = F’L’ (1+ +0(1/F*L")) (P.Hasenfratz and F. Niedermayer)

2
s
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there 1s overall factor for arbitrary N,

N, expansion in 1/F2L2
C(N,=2)=045 expected to grow with N,
At FL, =0.8 the correction is 70% and grows with N

When expansion collapses in 6 — regime, the p-regime analysis needs more scrutiny

Cross checks from several running coupling schemes is important






The Nf=2 sextet model simulations

Sextet Model: Goldstone spectrum
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approximate taste degeneracy reached
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NLO chiral fitting procedure of the Nf=2 sextet model simulations
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Next-to-leading-order fitting procedure of the chiral analysis
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B, F, A,,A, are the four fitted parameters

Our simulations of the model are not accurate for NNLO analysis with taste breaking
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Sextet Model: Chiral fit with F, B,A5, A, parameters
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Nf=2 Sextet Chiral test Nf=2 QCD Chiral test
(staggered stout) LHC (overlap)  Noaki et al.

Sextet Model: Chiral Fit with F, B,A5, A, parameters
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Conclusions and Outlook

1. Nf=12 is consistent with chiral symmetry breaking

- to overcome limitations would require big resources
- worth it?

2. Nf=2 sextet consistent with chiral symmetry breaking

- easier to control F*L and Nf expansions within our resources
- full chiral analysis can be done

3. Important to complement with running couplings



