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Chiral symmetry yields the structure of the interactions
but not the values of the couplings

mm-scattering amplitude vanish for
mgq,p — 0
Arr=a-s+b- M2+ 0(p?)
but value of aand b 7



Lattice and YPT

Overlap with lattice ?
» Light masses for xYPT, but unknown constants

» Heavier masses for lattice, but extrapolation

In particular, strong
impact of chiral
logarithms at NLO
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Recent progress (1)

m, K,n only
» Two-loop computations for almost all quantities in full QCD,
some in partially-quenched QCD

» Problem with NNLO low-energy constants (more than 100 !)
Model-dependence of the results ?
» Low-energy constants for electromagnetic and weak radiative
processes using resonance saturation
N
» Better control of analytic structure of results
(new regularisation schemes)

» Investigation of chiral extrapolation from lattice to real world
(mass of the nucleon, form factors)



Recent progress (2)

NN and few-nucleon systems

» chiral potential inside a Lippmann-Schwinger equation
— bound states out of weak coupling description
— cut-off to separate low and high energies

» Relation with NN potential and bound states on the lattice
— discussions about the “best” implementation of xPT

Finite-volume effects

» Lellouch-Liischer formula and generalisations
MR (L)~ M (o) = [ dvK(v) TERSE () + Oferp(~L)

» € regime: large pion in a small box 1/ M, > L > 1/F,
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Three chiral limits

Aot
c c c
“hadronic  scale A
S S
N=3 P
Y d
=2
ud i 2 s
Two versions Nf = 2% m only
of xPT Nf=3

of interest

my, mg — 0

Nf =3 ms — 0
Nf = 2X ms physical
Ny = 2lat no dynamical s

(few param. & processes)

m, K,n (more param. & processes)



From 2 to 3 massless flavours

Y(3) = X(2;0)
L(2mg) = lim —(0|zul0) Y(2¥) = x(2; mPhe)
e T(2) = ¥(2;00)
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From 2 to 3 massless flavours

Y(3) = %(2;0)
T(2img) = lim —(0[aulo) () = T(2;mE™)
o Y2 = ¥(2;00)

Y(2X) =X(3) + mP™  lim i/d4x (0|zu(x)3s(0)[0) + O(m?)

my,mg—0

SDG,L.Girlanda,J.Stern
¥ (2X) contains

» A “genuine” condensate ¥(3) = N >
» An “induced” condensate +
ms X (scalar N.-suppressed)
u S

effect from sea ss-pairs



From Kys, i.e., mm scattering data
(mu + md)Z(2X)
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From Kys, i.e., mm scattering data
(mu + md)Z(2X)

=0.81£0.08 SDG,L.Girlanda,N.Fuchs,J.Stern

F2 M2
T Lor larger G.Colangelo,J.Gasser,H.Leutwyler
(@), y—0.ms phys = (0|, —o + ms((Tu)(3s)) + ...
sizeable ¥ (2X) ¥(3)
Z(my

Y (3) ~ X (2¥) and ((ou)(5s)) small
g Zweig rule OK for scalars
) No impact of strange sea quarks

or
¥ (3) < £(2¥) and ((ou)(5s)) large
Large Zweig-rule violation
Strange sea quarks important
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Consequences for three-flavour chiral series
FZMZ2 = 2mY.(3) + 64m(ms + 2m)B§ ALs + 64m*>Bi ALg + O(m?)

> BO - = IimmU7mdam5_’0<L_]u>/F7$ m=my = mqyq
» Alg = Lg(M,) +0.20- 1073 = O(p*) LEC + x log
» ALg = Le(M,) +0.26 - 1073 = O(p*) LEC + x log



Consequences for three-flavour chiral series
FZMZ2 = 2mY.(3) + 64m(ms + 2m)B§ ALs + 64m*>Bi ALg + O(m?)

> BO - = IimmU7mdam5_‘0<L_]u>/F7$ m=my = mqyq
» Alg = Lg(M,) +0.20- 1073 = O(p*) LEC + x log
» ALg = Le(M,) +0.26 - 1073 = O(p*) LEC + x log

Lg is the awesome guy here
» Enhanced by ms, related to ((zu)(Ss)). ..
» ...and “guestimated” assuming Zweig rule in scalar sector

Possible numerical competition between O(p?) and O(p*)
2mBy = M2 + ... may not be a good approximation



No decisive evidence to choose between the scenarios
» In the scalar sector, Zweig rule and large-N. badly violated
» Large dispersive estimates of ((uu)(Ss))
» wK scattering slightly favours significant role of sea s5 pairs
B.Moussallam;SDG;P.Buttiker
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No decisive evidence to choose between the scenarios
» In the scalar sector, Zweig rule and large-N. badly violated
» Large dispersive estimates of ((uu)(Ss))
» wK scattering slightly favours significant role of sea s5 pairs

B.Moussallam;SDG;P.Buttiker

Large effect of s5 pairs = difficult convergence of SU(3) series

» Assume overall convergence for a subset of observables

» Leave open a numerical competition between LO and NLO
» Use only chiral couplings of the Lagrangian (Fo, Bo, L;)

» Reexpress them in terms of M2, F2 ... only if physical

motivation (nonanalytic poles, cuts, unitarity. .. )

MTZr #2mBy ! SDG,L.Girlanda,N.Fuchs,J.Stern
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Three-flavour unquenched lattice

Idea: Unquenched lattice
to probe ms-enhanced Zweig-rule violating effects

Real QCD Lattice

2+1 flavours  (m,m,mg) (/, M, ms) m < i < m;
Observables X X F2,FZ, F2M2, F2 M2
Real QCD: from chiral series, up to (small) NNLO remainders

2mX(3) FZ m
4 _ _ _'0 _ s
O(p ) LECs L4,5,6,8 =F X(3) = FEME s ( ) = FT% , = m

. i, m Gq fe
Lattice: additional parameter: g = — ~ “1/F"
ms



Fpi“2Mpit2 2z3=0.8

Fpi~2 2z3=0.8
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Fﬂ_f(q_m/ms) FﬂMﬂ_f(q_m/mS)

» Infinite volume, continuum limit, no NNLO remainders

» Zweig-rule violation in 07 :
from none (full) to almost maximal (dotted)

» Varying r = mg/m: 20 (thin) and 30 (thick)

...and similar results for kaons



Ratios of interest

What about finite-volume corrections 7 LO computed within xPT
For L ~ 2.5 fm, and any Zweig-rule violation due to s5,
finite-volume corrections to F2M2 and F2M2 < 10%



Ratios of interest

What about finite-volume corrections 7 LO computed within xPT
For L ~ 2.5 fm, and any Zweig-rule violation due to s5,
finite-volume corrections to F2M2 and F2M2 < 10%

1 E2p2 2 F2in2
Re = Fanp2 Rk = 2 12
qFﬂ'MTK' (q+1)FKMK

Rpi 23=0.8 r=30 Rka 23=0.8 r=30

0.2 0.4 0.6 0.8 1

to assess sea sS pairs, negligible (full) or significant (dashed) ?
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Conclusions

Nf=3:my,myg,mg — 0

T hiral limit .
wo chirat iimits Nf = 2X: my,, my — 0, ms physical

T(2¥) = £(3) + ms((@u)(3s)) + O(ms)

Role of sea ss-pairs «» N¢-dependence of order parameters
«— Zweig rule violation in scalar sector

Numerical competition between LO and NLO in chiral series
= Care required to deal with 3-flavour chiral expansion

No direct experimental information on size of the effect (yet!)
= Lattice simulations with three dynamical flavours
e.g., dependence of hadron observables on quark masses

Finite-volume effects controlled for sufficiently large volumes

Be careful with lattice extrapolations to light masses
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