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A light flavor-singlet scalar — the Higgs particle?

e SU(3), Ny = 8 fund. [LatkKMI, LSD,. ]
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o SU(3), Ny = 2 sextet [Fodor et al.]
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Consistent low-energy
theory must contain
both pions and the
flavor-singlet scalar



Phases of SU(N,) with N fundamental-rep Dirac fermions

e running slows down when N; is increased

log /1 16727~ (1672)2 7 _ .

e two-loop IRFP g2 develops when
by >0 > bs

e “Walking” gap equation = S
, ) 47.‘.2 <
ChSB wh = 9. = 5~
when g (/J) de 302

e SU(3), fund. rep: g2 = 7% ~ 9.87

e chirally broken if g. < g.(Ny) A B
0 5 10 15
e conformal (IRFP) if g. > g.(Ny) g

o sill of conformal window: g.(N7) = g. (note: N} not an integer)



Pseudo Nambu-Goldstone boson of approx dilatation symmetry?

o dilatations:  ®;(z) — A2 ®;(A\x), A, scaling dimension of field ®;(x)

e dilatation current: S, = x,1,, classically conserved for m = 0

e non-conservation: 0,5, = Ty = =T —"Tun
Tcl — mmlﬂ
B(g? —
Tan — i§2) [F2] + Ym TN [¢¢]

e probe beta fn at the ChSB scale: (Tyun(0) [F?](z))_/ ([F?](0) [F?](x)),

e below conformal sill: ~ 3(g2) oc Ny — N;
expect: increasing Ny towards Ni = smaller 3(g.) at ChSB scale
—> better scale invariance = “dilatonic” pNG boson gets lighter

e Q: use Ny — N7 as small parameter? (problem: Ny takes discrete values)



Low-energy EFT with dilatonic meson: power counting

e standard ChPT: fermion mass m is a parameter of the microscopic theory
m can be tuned continuously towards zero
—> Systematic expansion in m and p?

e problem: cannot turn off trace anomaly; theory is defined at fixed N, N¢

e analogy: cannot turn off U(1)4 anomaly;
but it becomes vanishingly small for N. — oo
— Systematic expansion in m, 1/N,, and p* [Kaiser and Leutwyler, '00]

e Veneziano limit: Ny, N. — oo with ny = N¢/N, fixed
ns becomes a continuous parameter; theory depends only on g*N, and ny
nt = limy, e NJT(NC)/NC = sill of conformal window for N, — oo.

o assume: Typ ~ (ny —n})" at the ChSB scale [7 = 1 in this talk]

= Systematic expansion in m, 1/N, ny —n}%, and p




Constructing an Effective Field Theory

Microscopic theory:
® symmetries
e spurions: external fields transforming under the symmetries

e fixing “VEVs" of spurions = explicit breaking of symmetries

Effective theory:

e same symmetries, same spurion fields, but new dynamical (effective) fields
e explicit breaking of symmetries from same VEVs of spurions

e power counting (previous slide)

e use spurions as probes = fix Low Energy Constants order by order, by
matching correlators obtained by differentiation with respect to spurion fields



Spurions in the microscopic theory

o chiral symmetry: LMIC(y) = in + PPy + @RXJWL + xR

SLMIC(\) =0, but: (\)=m = LMC(m) = md(yy))

o axial U(1)4 symmetry: LMIC(0) = 1F2 4 Dy + Oicg? FF
60 =1 = 6LMC0) =0 (finite U(1) 4 transf: 6 — 0 + )

but:  (8) =0y = 6LMIC(Gy) = —icg®FF

e dilatations: LMIC(g, ) = LMC(0, x) + 0T pn () + - -
S0 = 20,0 +1 = LMo, \) = 2,0, L0, )

but: (o) =0 = 5LMIC(O, X) = 1,0, ['MIC(O: X) — Tan(X)



Effective Field Theory with pions and dilatonic meson 7(x)

e dilatation transformation [finite]:
source fields: o(x) — o(Ax) +log A, x(z) = MYy ()
effective fields: 7(x) = 7(Ax) +log A, >(x) — X(A\x)
e invariant low-energy theory: LFFT =L + L.+ L., + L4 where
Lo = Vi(r—0)(f3/4)e*tr(0,270,%)
L. = Vi(r—0)(f2/2) € (0u7)?
Lo, = =Vt —0)(f?B:/2)e" tr (XTE + ETx)
Lq = Vyr—o0)f*Bel

with invariant potentials: V(7(x) — o(x)) — V(r(Ax) — o(Ax))

— No predictability without power counting!



Power counting hierarchy from matching correlation functions

e recall microscopic theory LMC(a, ) = LMC(0, x) + 0Tun(x) + O(c?)

= P9 p2a)) ~ ng

0 £MIC
4¢2
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e effective theory

(o) &

O

= V(r—o) = Z cn(T —0)"  where ¢, =O((ny —n3)")

n=0

— Vd(n) (7(x)) f2B; edT@ 4.

o=x=0

—>  Only a finite number of LECs at each order!



Matching — role of non-coinciding points

e Magenta: points at distances < meson size
collapse to a single point in the EFT

e Cyan: points at asympt. large distances

321

e Upshot:

Vir—o) = > (1=0)" Y &u(ng—nj)F



Leading order lagrangian, finally:

e now set o(x) = 0, obtaining at order m ~ ny — nj ~ p*:

L = Lo+ L+ Lo+ Ly

L. = (f2/4)e*tr(0,270,%)

Ly = (f2/2)e* (0u7)°

Loy = —(mf2By/2) e tr (z+zf)

[’d = [500 + (nf — n’})(ém -+ 5117')] f?BT €4T

e v = renormalized source, m = renormalized mass

= y=3—r,, , with 77 the IRFP value of the mass anomalous dimension
at the sill of the conformal window

e corrections are accounted for by expansion in ny —n}
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