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*Tantalizing questions on walking, complex CFT, or dilaton:

e Emergent light 0++ scalar when 3-function is small (near-conformal)?
e Two different scenarios: complex CFT, or dilaton?

e IR EFT tests for complex CFT, or dilaton in p-regime (1/M; « L)

o Strategy for EFT in the e-regime (1/M; > L)

*
Tantalus, a king of ancient Phrygia in Greek mythology, made the mistake of gravely offending the gods. As a

punishment, once dead the king was forced to stand in a pool of water, with fruit hanging just over his head. The water
would recede every time the king tried to take a sip, and the fruit would lift away every time he reached to take a bite.




“walking” B-function in correlation with emergent light scalar
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near-conformal g-functions and the light scalars (dilaton?) ,
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to illustrate: sextet SU(3) color rep

light 0++ scalar  gne massless fermion doublet {u}
emerging
d

xSB on A~TeV scale

three Goldstone pions
-0.5 ' ' ' ' ' ' ' become longitudinal
components of weak bosons

if Susskind and Weinberg only knew ...
composite Higgs mechanism

g° (scale-dependent renormalized coupling)

« nf=10 B-function (new results, no IRFP) Kieran Holland’s talk

* nf=12 B-function (new LatHC results, no IRFP, no y*, walking?

« nf=13 B-function LatHC reports nf=13 conformal IRFP (?)

» 5-loop S-function below CW: a pair of complex conjugate zeros (avatar of complex CFT ?)

« our focus is on sextet model, also considering new nf=12 studies



“walking” B-function in correlation with emergent light scalar

e for us two candidate theories remain tantalizing for field
theory interest and BSM implications of the near-conformal
walking in correlation with the emergent light scalar

e sextet model: primary interest well motivated (case study)

e nf=12 fundamental rep we continue to consider as perhaps
the closest to a walking candidate

e we are curious about nf=8 and nf=10 but should be left for
the LSD collaboration to understand



new at nf=12: tuned step B-function from 64* volumes
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new at nf=12: tuned step B-function from 64* volumes
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new at nf=12: anomalous dimension ¥ from Dirac spectrum

nf=12 running 7(92) c=0.2 targetsBandF
035 I I I I I I I I I I
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L — 2L step function renormalization procedure:
V(A )=V(A) A, = Z;l A
/lL 2 Zp(g09L/a)

L — from the matching condition
Ay, Z,(8,,2L/a)

new: anomalous dimension y from
Dirac spectrum nf=12, sextet

y drifting with scale

e staggered formulation is fine

e best choice for BSM explorations
In large volumes

e and large volumes are needed!



walking and complex CFT



walking and complex CFT  {oisio, apetsson -t

Q=2 - 4 pair of real CFT with pair of zeros of the beta function
J' works for continuous Q in cluster rep

Q 5 6 7 8 9 10

Q > 4 complex CFT, like Q=5,6, 7 ... ¢ 25122 1589 481 239 149 106

The Q=5 Potts model is interpreted now as near-conformal and
walking, controlled by the complex IRFP pair Gorbenko et al.

e Q =5 very large scale separation without tuning

1 > o
B L3
. AT | e slowly drifting scale-dependence in critical exponents is calculable:
6 L
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walking and complex CFT  {oisio, apetsson -t

Q=2 - 4 pair of real CFT with pair of zeros of the beta function
J' works for continuous Q in cluster rep

Q 5 6 7 8 9 10
Q > 4 complex CFT, like Q=5,6, 7 ... ¢ 25122 1589 481 239 149 106

The Q=5 Potts model is interpreted now as near-conformal and
walking, controlled by the complex IRFP pair Gorbenko et al.

| , Dez_3J e efficient Potts CUDA code for integer Q
B 3 Swendsen-Wang ~1 ns/spin
L 4
o T .
6 e CPU cluster code for arbitrary Q (2 complex couplings Q=4+¢)
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walking and complex CFT
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sample results from Corner Transfer Matrix (Potts model)

Q=5 internal energy E (disordered) E (ordered)

Corner Transfer Matrix -> ET(M) L lattice size

combined with RG (block size M) E _. M)

T, = 1/log(1 + v/5)
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E=(14+1/y/Q)/2 (exact from duality)
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walking and complex CFT

sample results from Corner Transfer Matrix (Potts model)
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but walking from complex CFT emerged first in 4d gauge theories
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walking and complex CFT

PHYSICAL REVIEW D 82, 045013 (2010)
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Luca Vecchi 2010 talks about complex CFT

built on Gies et al., Terao et al., Kaplan et al....

walking and complex CFT new paradigm?
flavor symmetry group is the same for walker and the
CFT! paradigm change from dilaton?

large N, and ladder

4.2 4.4 4.6 4.8 5.0 52 5.4
r = Nj/N,



walking and complex CFT

PHYSICAL REVIEW D 82, 045013 (2010)
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Luca Vecchi 2010 talks about complex CFT

built on Gies et al., Terao et al., Kaplan, Son et al. ....

walking and complex CFT new paradigm?
flavor symmetry group is the same for walker and the
CFT! paradigm change from dilaton?

we started work earlier on the realization of walking
based on this idea

to distinguish near-conformal and conformal finite
volume correlators (drifting scaling exponents
distinguished from fixed conformal exponents).

not knowing the conformal exponents of the complex
theory makes the analysis challenging

Gorbenko et al. turned to a two-dimensional example

(Potts model) for detailed realization of walking without
apparently knowing about Vecchi

Light scalar is expected to be described by EFT of
linear o-model in deep infrared limit m > 0

Data is high above linear c-model regime



Data is high above linear c-model regime

simplest: light Higgs-like particle of linear c-model in PT:

triviality analysis in mo/f; < 3 range
SUR)®SU2)~0(4) for sextet model m.=0 circa 1987-1988
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Data is high above linear c-model regime

we will test the Golterman-Shamir formulation of the dilaton
theory high above the linear o-regime

alternative to pinched walking from complex CF T which does
not require dilaton of spontaneous scale symmetry breaking

I T T N TR AT I AT NN ST T ST
0
0.05 0.04 0.03 0.02 0.01 0 O 0.01 0.02 0.03 0.04 0.05
an M/ TeV an

M/F
T



B

dilaton EFT with a(x) dilaton field and ma(x) Goldstone bosons

2 y
1 I x fim Golterman-Shami
L=20,29,x=V,(0)+ _[fd} tr[a 29,3 } y 24 or(z4xt) COTETERERATE

o p Appelquist et al. notation

but we do our own IML analysis which is

y =3—7% where ¥ 1s the mass anomalous dimension required for any conclusion!

x(x)=f, e?™a describes the dilaton field o(x)

. aa
in“tv/ f

pion field Z=e with 7¢ Pauli matrices, tree level pion mass m’ =2Bm

e dilaton EFT has long history

AR e Golterman-Shamir expansion in x=N¢N variable

e \Veneziano limit N > «

e predicts walking around * in p-regime (tree level)

Ns> N,

Fo from expanding around CFT *
Ns;=N,*

/ /e based on scheme-dependent S-function ?
Nf < Nfc

e flavor symmetry at * is different from symmetry at * ?




dilaton EFT with o(x) dilaton field and wa(x) Goldstone bosons
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covered in Ricky Wong'’s talk:
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m_=2mB Goldstone pions

Golterman-Shamir
Appelquist et al. notation

but we do our own IML analysis which is
required for any conclusion!

Goldstone decay constant \

dilaton decay constant

dilaton mass

J

F,M_,F,, M, 6 with mass deformation

M _,F_, M, input data at each m
/B, f,,m, ,yfitted for all m

IML: Implicit Maximum Likelihood test
IML is very different from ML fitting

Perfect fits for V. !
V, fails!



dilaton EFT with a(x) dilaton field and ma(x) Goldstone bosons
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e the dilaton potential of Shamir-
Golterman as tree level theory
expanding around IRFP is not
working well for sextet data

e drifting y ignored?
e consistent LatHC analysis for
two lattice spacing, with third

under construction

e taste breaking issue?
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dilaton EFT with a(x) dilaton field and ma(x) Goldstone bosons
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e the dilaton potential of Shamir-
Golterman as tree level theory
expanding around IRFP is not
working well for sextet data

e drifting y ignored?
e consistent LatHC analysis for
two lattice spacing, with third

under construction

e taste breaking issue?

to reach the chiral regime requires two orders of magnitude drop in fermion mass:
switch from p-regime to epsilon regime and related RMT



epsilon regime and RMT
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spectral density 27 p(A,m)
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Conclusions and outlook

ldea of walking from complex CFT is attractive, rep independent
Needs EFT description on several scales, far IR is o-model
Does not imply the existence of the dilaton

EFT of the dilaton remains attractive possibility

Its tests above the linear o-regime has issues

Unified framework for complex CFT and the dilaton?



