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Chiral Perturbation Theory

Motivation

ny
Locp = Z[iZILEQL + iqrPqr — my(GrqL + qLqR)]

q=1
(ny =number of flavours)
If my = 0 then SU(ny)r x SU(nys)g (chiral symmetry)=- parity doublets in the
spectrum.
They do not exist! = SU(ns)r x SU(ng)g — SU(ny)y Spontaneous
Symmetry Breaking

@ ny = 3 — 8 Goldstone bosons

@ ny = 2 — 3 Goldstone bosons
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Chiral Perturbation Theory

Motivation

ny
Locp = Z[iZILEQL + iqrPqr — my(GrqL + qLqR)]

qg=1
(ny =number of flavours)
If my = 0 then SU(ny)r x SU(nys)g (chiral symmetry)=- parity doublets in the
spectrum.
They do not exist! = SU(ns)r x SU(ng)g — SU(ny)y Spontaneous
Symmetry Breaking

@ ny = 3 — 8 Goldstone bosons
@ ny = 2 — 3 Goldstone bosons
my 7# 0 (but small) = chiral symmetry is also explicitly broken

@ Goldstone bosons are not massless

@ Energy gap in the spectrum
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Chiral Perturbation Theory

Construction as Effective Field Theory

Degrees of freedom Goldstone Bosons (lightest mesons in the QCD
spectrum)

Power counting Dimensional counting in momenta and masses (p?)

P2 ()2 (1/p?)2 pt = p
(r?) (1/p?) pt = p*

[ d*p Pt

Expected breakdown scale Resonances (M)
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Construction of Lagrangians

np =73
U(®) = exp(iv2®/F,) parametrizes Goldstone Bosons:

fing 78 + K+
V2 Ve 077
— T s 8 KO
(I) - \/i —:)_ \/6 )
K~ K_ 8
V6

F 2
LO Lagrangian: £, = %((D“UTD“U) + (U +xU),

X = 2BoM
DU = 8,U — ir,U + iUl

ru(ly) = vy + (—)a, = external currents

Foy, Bg = Low Energy Constants
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Low Energy Constants

2 flavour 3 flavour
p2 F, B 2 F(), B() 2
pt | hr 743 | LI HD 1042
PO 5244 | CT 90+4

Determination of LECs is important:
@ to have precise predictions of ChPT

@ to check its convergence
@ to study the underlying QCD
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Low Energy Constants

2 flavour 3 flavour
p*| F.B 2 | Fo,By 2
pt | hr 743 | LI HD 1042

PO 5244 | CT 90+4

Determination of LECs is important:
@ to have precise predictions of ChPT
@ to check its convergence
@ to study the underlying QCD

PROBLEMS:
large number of phenomenological constants
strong correlations among them

many of the observables calculated in ChPT have not been measured yet.
(But dispersion relations and lattice results can be used)
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Knowledge of LECs so far

o L;: existing fit NNLO (Amoros, Bijnens, Talavera, Nucl. Phys. B 602 (2001) 87
[hep-ph/0101127])

o C;: some knowledge obtained through Resonance Estimates

2

2 2 p
|g%| << mj,m%

But now we have a lot of processes and observables calculated in ChPT at
NNLO which could be used all together to perform a global fit
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Processes in ChPT

In literature you can find many processes calculated to NNLO in ChPT ( see
Bijnens, hep-ph/0604043 Prog. Part. Nucl. Phys. 58 (2007) 521 for a review and references)

Q np=2
e m, and decay constant f;
e 7T scattering
o Pion form factors
o ...
9 I’lf =3
o mgy, mg, my and decay constants F, Fx
e 7T scattering
e 7K scattering
e Pion and Kaon scalar/vector form factors
e Vector, Scalar, Axial-Vector two-point functions
o Ky
o K3
o
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Why are we looking for relations between observables?

Chiral Perturbation Theory — every observable can be written as a sum of
terms of increasing importance in the Chiral expansion.

0=0%+0W 4 0®
The p® part can be split in as

0 = OCi(tree level) OLi(OnC loop) + OF o(two loops)

If we have a relation such that the first contribution cancels out we can
@ stop worrying about C;s and perform the fit of the L;s at NNLO

@ check how large is the loop contribution and test ChPT convergence
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Processes and Quantities considered so far

T scattering

mK scattering

Kiy(K — mmev)

The scalar form factors Fg/ K(t)

Meson masses
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T scattering

@ A(mimt — memd) = §4P5IA (s, t,u) + 646PIA(t, u, s) + 69U5PA(u, t, s)

@ The isospin amplitudes 77 (s, ) (I = 0, 1,2) are written in terms of the function

A(s, t,u) via
TO(s,t) = 3A(s,t,u) + A(t,u,s) +Au,s, 1)
T'(s,t) = A(s,t,u) —A(u,s, 1)
T(s,t) = A(t,u,s) +A(u,s,1)

where 1 = —1(s —4m2)(1 — cos0), u=—3(s—4m2)(1+ cosd)
@ and then expanded in partial waves:

“+o0
T/(s,1) = 321 Y (20 + 1)Py(cos 0)t;(s)
=0
Near threshold — #)(s) = ¢*(a} + bl.q* + O(q"))

1
7 = Z(s —4m?) al, b} - - - = scattering lengths, . . .

@ We studied only those observables where a dependence on the C;s shows up
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7 scattering relations

As a consequence of the expression of A(s, 7, u) as

A(s,t,u) = by + bas + bys® + by(t — u)* + bss® + bes(t — u)?
+non polynomial part

there are 5 relations among the scattering lengths:

30} + 2563, = 10[a)],
(563 - 264] +9[zb‘—3al1ci = 305 2],
[ by +265] . = 21[a],
2003 - by —a3+d3], = [3a+b],
—10[b0—18b +18a3], = [200+ 18ai];

al(b}) expressed in unit of m* (mu“)

These relations hold for ny = 2, 3, both at NLO and NNLO: not only the p® LECs
cancel out, but also the tree level part involving the p* LECs does. Still there is L;s or
I;s dependence through the non polynomial part.
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mK scattering

® T'(s,t,u) = scattering amplitude in isospin channel / = 1, 3

@ As for the 77 scattering, it’s possible to define scattering lengths af, b):

+oo
T'(s,t,u) = 16w Z(ZZ + 1)Py(cos )14 (s)
=0

1
Near threshold — 7, = 5\/56]%((“2 bl + O(G)

qu=Z<1_WW> (l_w>

s
t=—-2¢2(1 —cos), u=—s—t+2ms+2m>

@ Again we studied only those scattering lengths where a dependence on the C;s
shows up
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mK scattering relations

The isospin amplitudes T(s,t,u) are written in terms of the crossing symmetric

amplitudes T+ (s, ¢, u) which can be expanded around t=0, s=u (v = )
(subthreshold expansion):

S t, Lt E C’J S t I/t E CU 2j+1
ij=0 ij=0
In [Cm]

and [020} _the same combination —C; + 2C3 + 2C, appears=-2 relations
between the scattering lengths:

1 3 1 1 3
& mimg(me + mg)? [bf - b,z} — smmi (my, + my) {bé - bé} =
&% C; 3 Ci

Q 4 4 p 13
.\Q —E[Z(m7T +my) + (mx +mg)°4] |ag —ag
.\& | G 3
1 3
Q&Q’ + 3 mami[(mr + mi)* — memg (my + mg + 8mam)] |:a12 - af]
]
& ...and 1 more relation

These relations hold only in the p® case. They also get a dependence on the L;s from
the NLO contribution.
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77 scattering and K scattering

o Considering the scattering lengths for 77 and 7K scattering together five
more relations appear:

1 3 1 3
a 0= {—bf - 5a22:| (M + mg)? 4 ————— (% + ldmamg + my) [bg
G (18mzmg)

R
D Q (mg +m )3 1 1
> + T ([sa3] L+ 5 [B0 - 45+ 9at] .+ — [sa — 24
2m2 C; 9m2 C; 6m* C;
.\ - i . i ™ i
Q\a 1 4, 3 o N L1 3
& +72(2mﬂ_ + momg — 14m my + mgmy + 2my) a]Z — a]Z
Q 6(mymg) G
4 3 2 2 3 4 3
+3673 (Bmy. — Smymg — 4mmy — Smpmy + 3my) aoz
(mgmz) G
1
—73(3%; — Smimk — IOm?,rm?( — Smﬂ-mi + 3m‘,‘() |:a02:|
36(mgxma) o

i

1
(mzr — dmamg + m%() |:b02:|
Imymg c

> .. . plus 4 more relations
@ These are due to the polynomial expression of the amplitudes, thus they
hold both for p* and for p°.
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Ky,

In the transition amplitude 4 form factors appear: F, G, H,R (R in K4 is
suppressed—only in K,4)
Using partial wave expansion + neglecting d wave terms:

Fy = fi+fl¢+1'q" +fls./d4m> +... (S wave)

F, = fi+fig+... (P wave)
G, = g+ gl',q2 +... (P wave)
Hy, = hy+hg+... (P wave)

57 (s.) =invariant mass of dipion (dilepton) ¢*> = (s /(4m2) — 1)

Relation between 7, mK scattering lengths and !/

1 3 1 3 2 2 1 3
%3[_6,“012] +[_b5+b3] +w[%_ad
C C C

é ,. S 2y ,.
S
Y = —(mx +m) (*%mw e, — 5% [aﬂ o ;”712 [bg —2b5 + 3a%] ‘

J. Bijnens, I. Jemos (Lund University) Determination of LECs at NNLO Euroflavour08, 22/09/2008




/ and masses

The scalar form factors for the pions and the kaons are defined as

MM _
Fi"72 (1) = (Ma(p)|giqiIM1 (q))

t=p—gq, Ii,j="flavourindices M; = meson state

Indipendent quantities — FZ, F§, FK, FK F7X

There are two relations between Fs(¢t = 0) and the ChPT expansion of the
masses M2, Mz:

20 2], = 5 {2k~ m2) FEO)]g, + i [FEO)],}
20 M3, = 5 {mk —m2) [FE ), + 2 [FEO)] .}

They are due to the Feynman-Hellmann Theorem (see next)
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Feynman-Hellmann Theorem in ChPT

In Locp appear myiiu + mydd + mgss.
<7T|muﬁ” + mdad + mS§s|7r> = mfr

The Feynman-Hellmann Theorem implies

Fi=0) = (eluir) = O
Fi=0) = (rlddr) = O
R =0) = (afsslr) = O
On the other hand ChPT leads to
Z Ci( m,, f(my, my, my) : homogeneous of 3rd order

— M? can be written in terms of its derivatives: f(x) = 1 >1, ax Iy, x€R"
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Summary and Future Steps

@ Many observables at NNLO but depending on many correlated LECs!

@ On the other hand we found relations among observables not depending
of the NNLO constants — starting point to perform a fit of the NLO
constants

Future steps:
@ evaluate the relations at the loop level

@ consider also other observables (e.g. Fy, Fr, Fg) to look for more
relations

e perform a fit of the L;s with a better treatment of the C;s—let’s start
fitting the relations which cancel p® contributions first using exp data
available, then dispersive analysis and lattice results

@ main sources of uncertainties: numerics + not complete exp knowledge

(not so near future: add isospin breaking corrections)
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