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From 2 to 3 massless flavours

Y(3) = %(2;0)
£(2ims)= lim_—(0]au|0) >(2) ¥ (2; mE™?)
emd Y(2) = ¥(2;00)

e Theory: >(3) < X(2) but relative size ? X(N¢) = 2’222,5/,’\2’”

@ Experimentally : ¥(2) < 7 physics ¥ (3) < K,n physics
¥ (3) ~ %(2) and large (common lore)
Three possibilities { ¥ (3) ~ %(2) and small
¥(3) small and X(2) large

SDG, L. Girlanda, J. Stern, JHEP 0001:041,2000
SDG, N.Fuchs, L.Girlanda, J.Stern, Eur.Phys.J.C34:201-227,2004
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® By = —limpm, mym—o(0u)/F?
o Alg = Lg(M,)+0.20-1073 = O(p*) LEC + x log
o Alg = Le(M,) +0.26 - 1073 = O(p*) LEC + x log

FZMZ =2m3(3) + 64m(ms + 2m)B3 ALs + 64m*Bi ALg + O(m?)

m=m, = my
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Consequences for three-flavour chiral series

FZMZ = 2m¥(3) + 64m(ms + 2m)B3 ALg + 64m*Bi ALg + O(m()

® Bo = —liMm, mg,m—o{Tu)/FZ m=my = mqy
o Alg = Lg(M,)+0.20-1073 = O(p*) LEC + x log
o Alg = Le(M,) +0.26 - 1073 = O(p*) LEC + x log

Lg contribution dangerous here
@ Enhanced by my, related to ((0u)(3s)). ..
@ ...and “guestimated” assuming Zweig rule in scalar sector
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Consequences for three-flavour chiral series

FZMZ = 2m¥(3) + 64m(ms + 2m)B3 ALg + 64m*Bi ALg + O(m()

® Bo = —liMm, mg,m—o{Tu)/FZ m=my = mqy
o Alg = Lg(M,)+0.20-1073 = O(p*) LEC + x log
o Alg = Le(M,) +0.26 - 1073 = O(p*) LEC + x log

Lg contribution dangerous here
@ Enhanced by my, related to ((0u)(3s)). ..
@ ...and “guestimated” assuming Zweig rule in scalar sector

Possible numerical competition between O(p?) and O(p*)
2mBy = M2 + ... not good approx when treating chiral series

=—> Resummed Chiral Perturbation Theory

SDG, hep-ph/0703154
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One-loop resummed xPT (1)

All Green functions in generating functional at one loop Z = Z; + Z, + Zx
“Bare” expansion in terms of chiral couplings Fg, By, L;. . .with LO masses
2 02 r41 ~ 2mBy

O 2 _ 2 _ms
M7r_ Y(3)M7r’ MK_ 2 Y(3)M7r r= ;7 Y(3) - M72r

02
Where Mp— l\/l,% in bare expansion 7 Only if physically supported !
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One-loop resummed xPT (1)

All Green functions in generating functional at one loop Z = Z; + Z, + Zx
“Bare” expansion in terms of chiral couplings Fg, By, L;. . .with LO masses
2 02 r41 ~ 2mBy

O 2 _ 2 _ms
M7r_ Y(3)M7r’ MK_ 2 Y(3)M7r r= ;7 Y(3) - M72r

02
Where Mp— l\/l,% in bare expansion 7 Only if physically supported !

@ Z, purely topological, no chiral couplings

@ Z, one-loop graphs with two O(p?) vertices

Unitarity cuts at (Mp + Mg)?
converging to (Mp + Mg)?
when higher orders into account

2
[¢]
— Replace Mp— M3 everywhere in Z,
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One-loop resummed xPT (2)

X Q Z; tree and tadpole graphs

) and O(p®) tree graphs chiral couplings
° tadpoles : factors of log modified by higher orders
but no physical expectation, so just a change in the log for simplicity

02 02 02
Mp . Mp Mp M3 M2 M3
30n2 %82 T 32 08y not o208
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One-loop resummed xPT (2)

X Q Z; tree and tadpole graphs

) and O(p®) tree graphs chiral couplings
° tadpoles : factors of log modified by higher orders
but no physical expectation, so just a change in the log for simplicity

02 02 02
Mp . Mp Mp M3 M2 M3
30n2 %82 T 32 08y not o208

Good observables : correlators of axial/vector currents and derivatives
Bare expansion at one loop in terms of chiral couplings

Reexpression in terms of physical masses : Z, and log-part in Z;
Higher-order contributions introduced through NNLO remainders
Algebraic use of resulting relations (no perturbative reexpression)
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@ particular subset of observables

e distinction between physical meson masses and O(p?) truncation
@ algebraic use of chiral expansions with explicit higher orders
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Differences with the usual treatment

@ particular subset of observables
e distinction between physical meson masses and O(p?) truncation

@ algebraic use of chiral expansions with explicit higher orders

A few consequences :

@ ratios cannot be expanded (perturbatively) with neglect of remainders

1+X7é1—x+... V1I+x#1+x/24...
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Differences with the usual treatment

@ particular subset of observables

e distinction between physical meson masses and O(p?) truncation

@ algebraic use of chiral expansions with explicit higher orders

A few consequences :

@ ratios cannot be expanded (perturbatively) with neglect of remainders

#l—-x+... V1I+x#1+x/24...

1+ x

e r not fixed from M2 /M2, but free parameter

2 2
FKMK—1~8§r§r2:2FKMK

F, M, F2M2 —1~36.
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Differences with the usual treatment

@ particular subset of observables

e distinction between physical meson masses and O(p?) truncation

@ algebraic use of chiral expansions with explicit higher orders

A few consequences :

@ ratios cannot be expanded (perturbatively) with neglect of remainders

#l—-x+... V1I+x#1+x/24...

1+ x

e r not fixed from M2 /M2, but free parameter

2 2
FKMK—1~8§r§r2:2FKMK

F, M, F2M2 —1~36.

@ L5 not determined from Fx/Fr
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X(3) = 2mx(3)

F2(3) m
vz 0= Tt
F2 F2Z(3)+8(r +2)Y(3)M2ALs + 8Y (3)M2ALs + F2e,
F2MZ =

F2M2X(3) + 16 Y?(3)M2[(r +2)ALe + ALg] + FZM2d,
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Why is it a resummation 7

2m¥(3) F2(3) ms
X(33) =", Z(3) = _
F2 = F2Z(3)+8(r +2)Y(3)M2ALy +8Y(3)M2ALs + F2e,
F2M? = F2M2X(3) +16Y?(3)M2[(r 4+ 2)ALs + ALg) + F>M3d,
V@) = 2mBy 2[1 — ¢(r) — d
M2 [1—n(r)—el+[1 —n(r) — el + k x 2ALs — ALy
M2
k =~ 32(r+2)—=% = e,d < er K, drk
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Why is it a resummation 7

2m¥.(3) F2(3) ms
F?2 = F2Z(3)+8(r +2)Y(3)M2ALy +8Y(3)M2ALs + Fe,
F2M2 = F2M2X(3) + 16 Y?(3)M2[(r + 2)ALs + ALg] + F2M2d,
@) = 2mBy 2[1 —¢(r) — d]
M2 [1—n(r)—el+[1 —n(r) — el + k x 2ALs — ALy
M2
k ~ 32(r+2)=L P2 e,d < er K, dr Kk

e If small vacuum fluctuations : k x [2ALs — ALs] ~ 0 and Y(3) ~ 1
= usual (iterative and perturbative) treatment of chiral series
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Why is it a resummation 7

2m¥.(3) F2(3) ms
F?2 = F2Z(3)+8(r +2)Y(3)M2ALy +8Y(3)M2ALs + Fe,
F2M2 = F2M2X(3) + 16 Y?(3)M2[(r + 2)ALs + ALg] + F2M2d,
@) = 2mBy 2[1 —¢(r) — d]
M2 [1—n(r)—el+[1 —n(r) — el + k x 2ALs — ALy
M2
k ~ 32(r+2)=L P2 e,d < er K, dr Kk

e If small vacuum fluctuations : k x [2ALs — ALs] ~ 0 and Y(3) ~ 1
= usual (iterative and perturbative) treatment of chiral series

e But k>~ 1900 : ALg, ALy = O(1073) yields shift of Y(3) from 1,
= resummation of k x [2ALe — AL4] needed
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7 and K scattering : RexPT (1)

@ 7T scattering

A(m?(p1) + 7°(p2) — 7(ps) + 7%(pa))

= 6759 A(s, t, u) + 07°6PYA(t, u, 5) + 07965 A(u, t, 5)

A symmetric under t — u exchange

e 7K scattering with two isospin s-channel / =3/2 and | =1/2:

A(x(p1) + K'(p2) — 7(ps) + KI(pa)) = Flyc(s, t. u)

2 1

B(s,t,u) = §F:;/<2(s,t,u)—|—gFi;/(z(s,t,u),
1 1

Cls.tyu) = —3Fi(s,tu)+ Fil(stu).

B, C symmetric/antisymmetric under s — u exchange
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7 and K scattering : RexPT (2)

Good observables : F*A, F2F2B and F2FZC

@ One-loop bare expansions of these quantities

e Reexpress O(p*) LECs Ly, Ls, Lg, Lg in terms of r, X(3) and Z(3),
and NNLO remainders related to m and K masses and decay constants

@ Add a polynomial modeling higher-order contributions

FrARXPT ——  FIALOTNLO o F2(5) — M2)ay + F2(s — sa)az
+(s — sa)?a3 + [(t — ta)® + (u— up)?]as

(sa, ta,ua) = (4/3M2,4/3M2,4/3M2) around which we perform the
expansion of the NNLO polynomial

=—>-RexPT expansion of w7 scattering amplitude at one loop
Same procedure for 7K scattering amplitudes
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7w and K scatterings : data and dispersive approaches

@ Data on 7 and 7K scattering

e Extrapolation down to unphysical region where xYPT converges well

= Dispersion relations - Roy and Roy-Steiner equations

0,03 [T
t g S-wave scattering lengths
0035 ] -0.03 . : .
F 1 0.035 |- Roy-Steiner
0,04 [ ; ;
r -~ 1 0.04 |-
e ook — eomteion ] 0,045 | CHPT O(*)
%0045 — Scalir g
F :lnba{ll , ‘s  -0.05
00sf - g 0055t
: ] -0.06 -
0055[- : -] -0.065 -
F 1 -0.07 rCA
. X X X . . X 1 -0.075 L L L L
0.16 018 0.2 022, 024 0.26 0.28 0.14 016  0.18 0.2 022 024 026
Ay m, al?
B. Ananthanarayan et al. Phys.Rept.353:207,2001
SDG, N.Fuchs, L.Girlanda, J.Stern, Eur.Phys.J.C24:469,2002
P. Buettiker, SDG and B. Moussallam, Eur.Phys.J.C33:409,2004
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e Data from dispersion relations (s, t in unphysical region)

VT = [A(s1, t1), - - A(Sn, tn)s B(SL, 1), - - - B(Shy th), - -]

e Theory parameters T, = r, X(3), Z(3), L{, L}, L3 + NNLO remainders

«O>» «Fr «=>r «E=)» = Q>



Frequentist framework (Rfit)

e Data from dispersion relations (s, t in unphysical region)
VT = [A(st, t1), ... A(Sn, tn), B(s1, 1), - .- B(sps th), - - ]
@ Theory parameters T, = r, X(3), Z(3), L1, L}, L3 + NNLO remainders

X2(Tn) = —2log L(T,) = —2log[Lin( Tn)Lexp( Tn)]

@ Experiment: C covariance matrix, (dispersive) values Ve,

1
—E(Vt,, — Vo) T CH (Vi — vexp)> /Vdet C.
@ Theory : ranges (X(3),Z(3) > 0, dimensional args for remainders)

Lexp(Tn) o< exp <

Lin(T,) = 1 if all parameters in the range, = 0 otherwise
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Frequentist framework (Rfit)

e Data from dispersion relations (s, t in unphysical region)
VT = [A(st, t1), ... A(Sn, tn), B(s1, 1), - .- B(sps th), - - ]
@ Theory parameters T, = r, X(3), Z(3), L1, L}, L3 + NNLO remainders

X2(Tn) = —2log L(T,) = —2log[Lin( Tn)Lexp( Tn)]

@ Experiment: C covariance matrix, (dispersive) values Ve,

1
—E(Vt,, — Vo) T CH (Vi — vexp)> /Vdet C.
@ Theory : ranges (X(3),Z(3) > 0, dimensional args for remainders)

Lexp(Tn) o< exp <
Lin(T,) = 1 if all parameters in the range, = 0 otherwise
Confidence level: P(t;) = Prob[x2 i (t) = X2inan- 1]

=1 for best fit, test agreement between data and theo parameters
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Results for CL(r)

(free, not fixed
by Miz/Mz)

! \ !
25 30 35

r

For mm scattering, good agreement with previous work (lower bound on r)

SDG, N.Fuchs, L.Girlanda, J.Stern, Eur.Phys.J.C34:201-227,2004
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Results for CL(X(3))

1

0.8 i
| 2m>(3
"l L oxe =50
— FTI' M7r
@)
041 ,
(free, not fixed
—pipi close to 1 by
021 |... piK Zwei |
A, weig rule)
| | | | | | | | N S
% 0.2 04 0.6 0.8 1

X(@3)
X(3) < X(2) =0.81 £ 0.08, fixed by 77 data

SDG, N.Fuchs, L.Girlanda, J.Stern, Eur.Phys.J.C24:469-483,2002

Sébastien Descotes-Genon (LPT-Orsay) 7 and 7K in RexPT 19/7/7 14 / 23



CL

0,8

0,6

0,4

0,2

’ F(3)
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| ="
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N¢ =2 and N = 3 massless flavours
@ Possible strong suppression of chiral order parameters
o related to Zweig-rule violating O(p*) constants L4 and Lg

@ leading to instabilities in chiral expansions : Ao ~ Anro
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Conclusions

Nf = 2 and N¢f = 3 massless flavours
@ Possible strong suppression of chiral order parameters
e related to Zweig-rule violating O(p*) constants L4 and Lg
@ leading to instabilities in chiral expansions : Ao ~ Anro

Three-flavour RexPT
@ New treatment to resum (large ?) effects from L4 and Lg
@ even when perturbative treatment of xPT fails
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Conclusions

Nf = 2 and N¢f = 3 massless flavours
@ Possible strong suppression of chiral order parameters
e related to Zweig-rule violating O(p*) constants L4 and Lg
@ leading to instabilities in chiral expansions : Ao ~ Anro

Three-flavour RexPT
@ New treatment to resum (large ?) effects from L4 and Lg
@ even when perturbative treatment of xPT fails

Application to dispersive information on 7 and wK scattering
e 7 scattering constrains essentially r = ms/m
o 7K scattering provides few constraints
@ Combination is much more powerful
r>14.8, X(3)<0.83, Y(3) <1.1, 018<Z(3) <1 [68% CL]
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Conclusions

Nf = 2 and N¢f = 3 massless flavours
@ Possible strong suppression of chiral order parameters
e related to Zweig-rule violating O(p*) constants L4 and Lg
@ leading to instabilities in chiral expansions : Ao ~ Anro

Three-flavour RexPT
@ New treatment to resum (large ?) effects from L4 and Lg
@ even when perturbative treatment of xPT fails

Application to dispersive information on 7 and wK scattering
e 7 scattering constrains essentially r = ms/m
o 7K scattering provides few constraints
@ Combination is much more powerful
r>14.8, X(3)<0.83, Y(3) <1.1, 018<Z(3) <1 [68% CL]

New data on 77 (NA48) and wK (Babar, Belle) awaited eagerly
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Combination of mm and 7K

@ 77 constrains r
e 7K alone yields no constrains

@ combination very powerful

CL computed as minimum over all allowed values for theo param
= if underdetermination (like in 7K) yields CL flat =1

How is the underdetermination lifted ?

@ Ly, Ly, L3 set to the absolute minimum of the x? for 77 + 7K
L1(M,) = —0.31-1073, L5(M,) = 2.12-1073, L5(M,) = —0.64-103.
@ r set to four different values r = 10, 20, 30, 35

o compute CL for mK data alone with these values fixed
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2m¥_ (3
X(3) = —F2I\/(12)

with L; fixed and
4 values of r

0 | | | | |

|
0 0,2 0,4 0,6 0,8
X(@3)

@ CL for mK alone max (enveloppe) of all curves

o CL for K + 7 curve for r ~ 20
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Combination of 77 and 7K (3)

1 with L; fixed and
< 4 values of r

e CL for 7K alone max (enveloppe) of all curves

o CL for K + 7 curve for r ~ 20
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