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Abstract

Scattering of pseudoscalar mesons is considered in the frame-
work of Quark Confinement Model. Analytical expressions of the
contributions from box graph and graphs with intermediate vector
and scalar mesons have been obtained.The results are used to calcu-
late the 77 scattering lengths.It is found that the numerical values
ad and a? depend strongly on the mass of the light intermediate
scalar meson.It is shown that the best agreement with the experi-
mental data obtained at mg, = 500515 MeV. The numerical values
of the scattering lengths are found to be af = (0.25 £ 0.3) x m;!
and a2 = (—0.038 £ 0.06) x m;!

1 Introduction

The study of processes involving pseudoscalar mesons provides a unique op-
portunity to explore the strong interactions of hadrons at low energies.This
is so for several reasons.The properties of the pions are intimately related
to an approximate symmetry of QCD. In the chiral limit, where quark
masses vanish, this symmetry becomes exact, the Lagrangian being invari-
ant under the group SU(2)g x SU(2), of chiral rotations. The symmetry
is spontaneously broken to the isospin subgroup SU(2)y. The pions rep-
resent the corresponding Goldstone bosons.As such, 7 reactions provide
a direct link between the theoretical formalism of chiral symmetry and
experiment. This is exemplified in the many existing studies of 77 scat-
tering using chiral Lagrangians. that endeavour to calculate scattering
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amplitudes and scattering lengths (see, for example [1]).To date, the study
of the scattering within the in chiral perturbation theory (xPT) have al-
ready reached the two loop order and low-energy constants entering in the
7 scattering were estimated up to(O(p®)) [3].The next-to-leading order
(NLO) and next-to-next-to-leading order (NNLO) corrections in the chiral
expansion lead to perturbative deviations from the LO and involve both
computable nonanalytic contributions and analytic terms with some un-
known low-energy constants (LECs),which can be obtained from lattice
‘simulations or experimental measurements.Lattice studies on the w7 scat-
tering have been conducted in quenched QCD by various groups. The full
- lattice study of the s-wave I = 27w scattering length was first carried out
by CP-PACS [4]. In this paper, we study the PP-scattering in the QCM

6].

2 Notations
Meson - meson scattering amplitude
M(s,t,u) = (P%(q1) P*(q2)|P*(p1) P*(2)) (1)

is determined by the graph shown in Figure 1.
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Fig.1

In general, it can be represented as

M(s,t,u) = [Tr{\*XAN} + Tr{X*A?A\°X°}| B(s, t,u) +
HTr{ XXX + Tr{A*X°ANY B(t, u, s) +
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H[Tr{ A XN} + Tr{X*A°AN%}) B(u, 5, 1)
+6%¢6%C (s, t,u) + §%6°9C (¢, u, s) + 6946%C(u, s,t) (2)
where

s=m+p)t=m—a) u= (- g2)? (3)
A°-combination of Gell-Mann matrices that determine the kind of scat-
tered mesons ,B(s, t, u), C(s, ¢, u) - invariant amplitudes. Generally invari-

ant amplitude A(s,t,u)(A = B,C) can be represented as
A(s, t,u) = Boz(s,t,u) + V(s,t,u) + S(s, t,u) 4)

where Box(s,t,u),V(s,t,u), S(s,t,u) - denotes contributions from re-
spectively box and graphs with intermediate vector and scalar mesons re-
spectively.

3 Box Contribution

D Q1

D2 q2

Fig.2

Box- diagram describing the scattering of pseudoscalar mesons is shown
in Figure 2. and can be written as

_ 91929394
Bozx iz / / Tr{z’y SAla(k +4q1)-
'VY SAza(k + QI + Q2) ’ 27 SAsa(k + I)Z’YSSAm(k)} (5)

The following analytical expression have been obtained in the framework
of the QCM:

BOIE(S, ta %P?;Pg: Qi qu Aly A27 A3; A4) =

36



471'2\/ h1h2h3h4

= __Talbor(sytvuap%7pg7q%7q§7A11A21A37A4) (6)

where
Doo(-- ) = L. )+ 1)+ I(. )

L(..) =T@) /01{d4a}/0°° dub(u — Q(..))
L(..)=T(®) /l{d“a}K (=@ )
B(..) =T(@) [ {d'@}L(.)H(-Q(.))

K- QA1234+ Q M 1 D 1 A

39%0(0) 3% () T 6A%a) T 6A%a)
1QA124 F A
L= N @ N )

where we use the following notation:

Q= Qfas(l —ag) + (@ + Q2)202(1 — ) +p2a1(1 —a) —
2 (q1 + g2)onaz — 2q1peias — 2p(qr + ga) e (8)

A=-MB*+ (BQIMqu + (BQZ)]\/qu + (BP)MP -
(pq1)Aa(As — Az) — (Pg2)Ashs — (¢} + 1g2)14
B =pai + (q1 + q2)as + qraa3
C=pp+q¢+qep
D =3(Bp+ Bq: + B(q1 + 2)) ~ 2C — pg; — 6B*
F = B*B* - Bp— B)(q1 + @) — Ba: + C) + 2(Bp)(Bg;) —
(Ba1)(pg2) + (Ba2)(pa1) — (Bp) (¢} + qg2)  (9)
M = (A — Ag)(Az = A3) + AjAy + AgAg
My, = (A1 — Ag)(Az — Ag) + 247,
My = (Ar = ADAs + AyAy
My, = Ay(Az — Ay) + AgAz (10)

Argzs = M AsA3A,
A%(a) = Moy + Alag + Aday + Alay (11)
Producgs q192,Pq1,pg2 incoming (8)-(11) are expressed in terms of
31 t, u1p11p%7 Gﬁ, Q% by (3)
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4 Intermediate Vector Meson Contribution

The contribution of the intermediate vector mesons is determined by the
diagram shown in Figure 3 and can be written as:

V =T*(P% p, pa)hvG* (PT*(Q%, &, ¢2) (12)
where

Pr=pi+ps P.=p1—pi Qe+ =1 +2,Q-=q1 — ¢ (13)

b —Q
a c
V
b d
D2 q2
Fig.3

Form factor T*( P2, p? p2), that is defined by triangular diagram ,was
obtained as

TH(Pi,p1,p5) = [do [ EETr{y*S,(k)iy®S,(k + B1)iv3S,(k + py)} =
= F* (P}, p,p5)PL + F~(P},p},p3)Pt (14)

The product of the intermediate vector meson propagator by a constant
of its interaction with the quarks in chain approximation has the form:

i 2y 1 o pPpIL(p°)
W) e e U B - hm) R

Where I1; (p?),I13(p?) - transverse and longitudinal parts of the polarization
operator.

In general, the contribution of the intermediate vector meson is ob-
tained in the form of:

1
I (m},

F; Ff (PoQq) + FF Fr(PoQ-) +
FyF/(P-Q4) + F F (P-Q) +
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1 M(P2)  ,
+H1(P£) — Iy (m2,) Iy (m, [P} (Fy Fy(P-Q-) +

FyFM(P-Q4)) + (Py P)(Fy Ff (PrQy) + Fy F7(P-Q4))) (16)
5 Intermediate Scalar Contribution

The contribution of the intermediate scalar meson is described by the di-
agram shown in Figure 4, and can be written as follows:

S = Fspp(P},p},p3)hsGs(P2)Fspp(Q%, 4%, 3) (17)
P1 q
a C
b d
P2 Q2
Fig.4

Form Factor Fspp(P2,p?,p?) is determined by the triangular diagram
S — PP.In the QCM scalar meson interaction with quarks is determined
by the Lagrangian:

Ls= %S(x)q(z)(z - i%(‘ﬁ ~ (=) (18)

where
diag(1,—1,0) = ao
As ={ diag(cosds,cosdg, —v/2sinds) = fo(600) (19)
diag(— sin s, — sin &g, —v/2 cos ds) = fo(980)

The parameter H and the mixing angle ds in (18),(19)have been deter-
mined from the condition of consistency and have values:

H=0,54;6, = 17° (20)

The product of the coupling constants and scalar meson propagator

haS the form: 1
h G 2 = 21
S S(p ) Hs( 2) Hs( g) ( )
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6 nm Scattering
Matrix element of w7 scattering has the form:
Mon(s,t,u) = 6°°6“A(s, t,u) + 6%6MA(t, u, ) + 5°45 A(u, 5,t)  (22)

where a, b, ¢, d-isotopic indexes.
The amplitude A(s, ¢, u) looks like:

A(s, t,u) = I (s, t,u) + S™(s,t,u) + V™ (s,t,u) (23)
where I;7 (s, t,u), 5™ (s, t,u), V™™ (s, t, u) are defined by (7)-(11),(16),(17):

II;’L’;(S’ t7 u) = Ib01(37 t’ u, m72r7 m?r’ m72r’ m72r7 Ana An; Am A") (24)

cos?5, sin24,

ST (s, t,u) = Fg(s)( 00 T T o) o))
2 cos?6, 5124,
i e e -nep @
Fsrn(z) = Fsra(z, mfr: mfr) (26)
ma- fo(500) mass , ma- fo(980) mass.

V(s t 1) = T(lr—ny)((F‘(s)Y(t —u)+ (F-()(s—w)  (27)

Scattering of 7 meson to 7 meson is possible via three channels I = 0, 1, 2.
The scattering amplitudes for different channels 77 can be expressed by
A(s, t,u), A(t, s,u), A(u,t, s) as follows:

T%(s,t,u) = 3A(s,t,u) + A(t,s,u) + A(u, 1, s)

T'(s,t,u) = A(t, s,u) — Ay, s, t)
T?(s,t,u) = A(t,s,u) + A(u, 5,t) (28)
Because of the symmetry between the final mesons we have the equality
A(s,t,u) = A(s, u,t), therefore, are different from 2ero only 7°(s, ¢, u) and

T?(s,t,u).
The scattering lengthes a’ are calculated by the formula

r_ 1 o, o
= m2. 0 29
a 327rT (4m2,0,0) (29)
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From (25) one can see the numerical value of the contribution of diagrams
with intermediate scalar meson to be dependent on the mass of f3(500)
meson, the value of which is unknown at present and has been intensively
discussed in the literature {7]-[11]. It turned out that in order to the
obtained the numerical values of mm-scattering lengths af andaZ does not
contradict the experimental data [12]-[14], the mass of the intermediate
f0(500) meson has to be chosen in the range of 500 + 515 MeV.

7 Conclusion

The obtained numerical values of the mr-scattering lengths a3 and a? are
shown in the Table. The table also shows the results obtained in in chiral
models,in quark models and by lattice calculation.

ad x m-1 az x m;!
Experiment [12] 0.26 & 0.05 —0.028 £ 0.012
Experiment |13 0.216 + 0.013 £ 0.02 —0.04540 + 0.0031
Experiment {14 0.2210 4 0.0047 + 0.015 | —0.04240 £ 0.0044
Tree level prediction (2] 0.1595 % 0.005 —0.04557 + 0.00014
XPT(OF) Bl 0.22 £ 0.005 —0.044 £ 0.0001
Unitary chiral
perturbation theory[11] 0.219 £+ 0.005 —0.04240 + 0.0012
QMSCTI15] 0.29 ~0.0%5
PNJL model[16] 0.173 ~0.045
Lattice[5] ' - —0.0410.0069
Lattice[17] 0.214 £ 0.004 £ 0.007 —0.044300.00025
Our result 0.25+0.3 —0.038 £ 0.06

The obtained numerical values within the accuracy of the model being
used are in good agreement with the experimental data.

References

(1] G. Colangelo,J. Gasser, H. Leutwyler arXiv:hep-ph/0103088v1
[2] S. Weinberg, Phys. Rev. Lett. 17 (1966) 616.

[3] Zhi-Hui Guo, Juan Jose Sanz-Cillero arXiv:0903.0782v2 (hep-ph]

41



(4] T. Yamazaki et al. [CP-PACS Collaboration]Phys. Rev. D 70, 074513
(2004) [arXiv:hep-lat/0402025).

[5] S. Aoki et al. [JLQCD Collaboration], Phys. Rev. D 66, 077501 (2002)
[arXiv:hep-lat/0206011]

[6] Efimov G. V., Ivanov M. A.,The Quark Confinement Model of
Hadrons, London: IOP Publishing Ltd, 199

[7] I. Caprini, G. Colangelo and H. Leutwyler, Phys. Rev. Lett. 96, 132001
(2006) I. Caprini arXiv:0804.2108 [hep-ph]

[8] N.N. Achasov, A.V. Kiselev,Phys.Rev.D85:094016,2012
[9] Zhi-Hui Guo,J. A. Oller,Phys.Rev.D84:034005,2011
[10] Yu.S. Surovtsev et al. arXiv:1211.3582 [hep-ph]
[11] M. Albaladejo, J. A. Oller Phys Rev. D86 (2012) 034003
[12] L. Rosselet et al., Phys. Rev. D15 (1977) 574.
(13] S. Pislak et al.Phys.Rev.D67:072004,2003
(14] A. Bizzeti AIP Conf.Proc. 1374 (2011) 639-642
[15] M.K. Volkov ,A.A.Osipov ,Sov.J.NPh,v.39 (1984).694
[16] Wei-jie Fu, Yu-xin Liu,Phys. Rev. D 79, 074011 (2009)

(17] Z. Fu, Commun. Theor. Phys. 57, 78 (2012) [arXiv:1110.3918 [hep-
lat]].

42



