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We evaluate the— pr transition and thev— 37 decay using a quark level linear sigma model ¢QL).

We obtaingQL"M=(10.33— 14.75) GeV'! to be compared with other model dependent estimates averaging

wpT

tog,,,=16 GeV 1. We show that in the Q&M a contact term is generated for the— 37 decay. Although
the contact contribution by itself is small, the interference effects turn out to be important.

PACS numbd(s): 13.25.Jx, 14.40.Cs

[. INTRODUCTION the model and discuss the determination of the correspond-
ing coupling constants. In Sec. Ill we compgg, ., work-

The problem of understanding low energy hadron dynaming in the soft momentum limit. In the QEM this transition
ics is being supported by recent experimental data obtainel$ generated by loops of quarks. In Sec. IV we present cal-
at the Novosibirsk-VEPP-2M detector and by the ®DNE  culations for o— mama within QLoM. This includes the
facility which will soon produce large amounts of experi- GSW mechanism and the contribution arising from a box of
mental data in the energy region around 1 GeV. This energ§luarks. Comparison with the observed- 7 decay rate
region is particularly interesting since the nonperturbativeS then made. In Sec. V we draw our conclusions.
QCD effects that govern hadron dynamics are far from being
completely understood. II. THE MODEL

This paper is concerned with the— p7 vertex andw . ,
— mma decay. Existing experimental data seem to confirm_ 1€ quark level ixM describes the U(2) U(2) chiral

the Gell-Mann—Sharn—Waané6GSW) sugaestion1] that  'nvariant interaction of mesons and effective quarks. We
the w—s 7 deca ispdomiga'id bthhe g;;_ transiEign fol. have chosen to work with a pseudoscalar rather than a de-
y y thep rivative coupling which has the advantage that no anomalous

lowed by thep— arm decay, although amm contact con- ;0 2 ions are required to describe one pion processes. Vec-

tribution cannot be excluded. The theoretical description Otor mesons are incorporated in the model as gauge bosons,
thgse problems has _been considered by a.number of authQlgen, though in our work they are not involved in loop cal-
using different techniques su_ch as approximaté3p8ym- . ations. The QuM Lagrangian is
metry [2], vector meson dominand®MD) [3], QCD sum
rules[4-6], and effective chiral Lagrangian3]. -
It is our purpose in this paper to consider the quark Ievelciﬂt_
linear sigma model (Q&M) predictions for thew—pm
transition and thev— 7r7r7r decay. The model describes the ) ) .
U(2)X U(2) chiral invariant interactions of effective quarks Where B=S+iP with S,p Scf""’}r and pseudoscalar fields,
with pseudoscalar and scalar mesons. Vector mesons are ifgspectivelyf P=(1/y2)(7o+ 7- ), scalar and vector fields
corporated in the model as gauge bosons, even though in obeing defined in a similar wadyand ¢ denotes the quark
work they do not appear in loops. In this model, in additionisospinor. Vector fields are introduced as gauge fields
to the GSW mechanism, the— w7 decay proceeds through the covariant derivative:
through quark box diagrams with the and three pions in

Y[iD —M+29(S+iysP)]y+(D,BD*BY)/2+ - - -,
(N

the box vertices, which can be interpreted as a contact term. 9y
By itself the contact term is not important: it leads to a Dyy=|3d,+i—=V, |,
I'(w—7m7m)=0.1 MeV. However, its interference with the V2
amplitude arising from the GSW mechanism leads to a siz-
able 25% effect in the decay rate. 9y

The paper is organized as follows. In Sec. Il we introduce D,B=d,B+i—=[V,,B]. 2

V2
*Present address: Instituto désiea y Matemtcas, UMSNH,  The chiral structure of the theory has been extensively dis-

P.O. Box 2-82, Morelia, Mich. Mexico. cussed in the literatur]. The quark mass matrii in Eq.
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(1) is generated by spontaneous breaking of chiral symmetry
qguark masses being related to thgqg coupling g through u,
the Goldberger-TriemafGT) relationmy=gf,. The ellip- VA
sis in Eq.(1) refers to vector meson kinetic and mass terms ¢
and to scalar-pseudoscalar Yukawa interactions which are
not relevant for the purposes of this work. FIG. 1. Quark loop triangle contributions to the— p°#° tran-
Using the explicit representation f@& P, andV above,  Sition.
from Egs.(1), (2) we obtain the following interaction terms o ) )
relevant to the calculations presented in this paper: Summarlzmﬁ], forgy in Egs. (2)1”(3) we can use either
g{""=6.01, g{, =0,qq=5.03 or gy =g,qq=5.68. In the
- - - Oy— - - Oy— rest of the paper we report numerical results for these values
Lin==0v(puXm)-*m=pyirippu— Sy o, of gy, even though, as we argue below, the most accurate
(3)  determination comes from—e*e™ (gy").

VYavES

+ crossing p% mw°

The model relates theqq, »qq, and thepma couplings. . QL oM AND THE w—par TRANSITION
These relations arise from the gauge principle which, in this ] ] o
context, is a statement of universality. As shown below, this It is conventional to define the,,, . coupling in terms of
principle is supported at the constituent quark level by théhe amplitude:
existing data. The gauge coupligg can be estimated from _ 'y
experimental data on the— 77 decay. An alternative de- Mopr=Gupr€urapP? P’ e (@) 7(p), ®
termination of this coupling is achieved by assuming vectoRyhere P(P’) denote thew(p) momentum and( ) are the
meson dominancat the constituent quark levero this end  respective polarization vectors. Although there is no phase
we proceed as follows. . space from which to measure an- p transition, this ver-
Vector meson dominance of the electromagnetic formey can be extracted from many theoretical models. Very
factor of the pion9] at zero momentum transfered leads toapproximate S(B) symmetry of the 1970s sugge§e]
the following relation between the—y(f,,), and the Jupr~16 GeV'!, while QCD sum rules obtaifi4] Jupn

pm (9,r,) coupling: ~(15—17) GeV'!, and the analogue light cone sum rules
2 method extract$6] g,,,,=15 GeV L. Recently QCD sum
f :h 4) rules for the polarization operator in an external field con-
PY Qpma cludes[5] g,,,,~16 GeV .

_ _ In the QLoM the wpw vertex is described in terms of the
~Assuming that the glectromagnetlc form factor of the Conguark loops of Fig. 1. A straightforward calculation yields
stituent quark is dominated by vector mesons, the following

relations are obtained: M[w(Q,n)—p(K,e)+7(r)]=g,,-€K 1, 7,8),
ent where
fy="—", (5)
9raa Gupn=—2iNomagig(12+1°), ©)
ent, with
fw7=3 , (6)
Joaa d4l 1
hich in turn lead t 'aEf : (10
which in turn lead to (2m)* VIOV =K V(I —k=r)
mi) wa b_ja
ngW:gpqq:gwqu fpyy. (7) =15 k),
p

WhereV(p)Epz—mé. Since we are interested in theo T
The 1 factor in Eq.(6) arises because the isoscalar contribu-vertex involved inw— w decay, we calculate the inte-
tion to the quark electric charge is proportional to the quarkgrals in Eqg.(10) in the soft pion momentum limit, i.ek,r
baryonic number. —0. This amounts to keeping the leading term in the expan-
The f,, and f,, couplings can be extracted from sion of the amplitude in terms of the external momdagad
—e"e” andp—e'e” decays. Existing datfl0] on these r. In this approximationl®=1°, and we get for thewpr
processes implies,,~3f,, which supports the universality coupling:
of gy in Eqg. (3). Deviations from this universal behavior are

reflected on the actual values extracted from Ef)s.(6) and LoM g\z,NC
in i | QoM ==~ (11
the data on vector mesons leptonic widths, namgl&h opT g2t
=0,qq=5.03 andgy' =g,q,=5.68, whereas the— 7= N
decay leads t@{""=6.01 (superindices irgy indicate the Using the values of the coupling constants previously es-
process from which its value is extracjed timated we conclude, usinf,=93 MeV andN.=3:
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goroM=(10.33,13.19,14.75 GeV %, (12)
These values are obtained using in Eg@ll) gy
=(g9" 99" ,g4™™), respectively. These QtM predictions
for g,,,~ have consequences for some other procefssgs

As a byproduct of our analysis we report the predictions
of the QLoM for the w— 7%y and p®— 7%y decays. The
corresponding calculations are very similar to the ones pre- IR
sented so far, the only difference being the appearance of the
yqq coupling instead of th& qq coupling. We obtain

. _ 4QLoM 1 1 1
M[V(Qvﬂ) W(r)’),(kys)] gVﬂTy E(k,rynas), (13) AGSW: Zgwpwgv 5 + 5 + 5| (17)
S—m t—m u—m

+ 7 diagrams

FIG. 2. Intermediate contributions to thes— 77" 7~ decay.

where p P P
The amplitude corresponding to the quark box contributions
- .9ve g is
g;?’;&yM: - IF m_NC(eu+ed)!
T A= —49,,0%m,IN,, (18
.9ve g where
QLoM_ _: 9V= I _
gw'n'y | 8772 mq Nc(eu ed)' (14)

|=261|i

Note that bothg,,,, and gy, as calculated in this work,
agree with those derived from a chiral Lagrangian with vec-

tor mesons incorporated via the hidden schéfri. and
Using the GTR ancgv=g\P,” ,g$” ,0{"™ we obtain, re- 4
spectively, |1:f d I4[V(I)V(I—r)V(I—r—p)V(I—r—p—q)]’l.
lg257M|=(0.622,0.703,0.743 GeV %, (2m) (19)
|g,?,&’;M =(0.207,0.234,0.247 GeV 1. (15 The five remaining integrals are obtained frohby per-

mutations of the pions momentp,Q,r). Again, we consider
These numbers are to be compared with the experimentéthe leading term for the expansion of this integral in terms of
results  [g5iP|=0.703-0.020 GeV ', lg5xP|=0.29  the pions momentghigher order terms are expected to be
+0.037 GeV?l suppressed by powers ormg,/mq)z]. In this approximation
Notice that the QkrM predictions for thew— 7y transi- ~ We obtain
tion are in good agreement with the experimental data when

gv=04"'—as extracted from the leptonic width—is used. Abo_ gvNc 20

On the other hand, predictions fpr— 7y agree with experi- T (20)

mental results within two standard deviations. These results T

and the fact that the reported decay rgt6] for o— 7y is The decay ratd'(w— ) is given by

more accurate than fop— a7y lead us to consideg,,

=5.68 as the most confident value fy . IVep =M
INw—37)=———17, (21

7687

IV. QL oM AND THE w— w@ra DECAY

In this section we work out the QtM predictions for the ~WhereJ stands for the phase space integral
w— i decay. Two mechanisms contribute to this process 1B v
within the model. The first one is through an intermedijate J= L(B WP de' dy|f(x,y)[2A(x,y), (22)
Y+

in the s,t,u channels as depicted in Fig. 2, which involve the
previously calculatedy,,, andg,,,. The second mecha-
nism involves quark boxes, as shown in Fig. 3.

The p-mediated contribution leads to an— 7 ampli-
tude .
+ 5 diagrams
MGSW[w(Q,n)—>w+(q)w‘(p)w°(r)]=AGSWs(n,p,q(,gg

where FIG. 3. Quark box contributions te— o 7%7 .
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with
—1 1+3
Yi_i +3B—X
V|1 |- (1B lx= (1= VB PP,
(23)
and
f(x,y) = fE5M(x,y) +%(x,y),
where
1 1 1
GSW, —
f (X’y)_x—a+y—a+1+3,8—x—y—a’
2
m: N
Py == — 5.
8772f11'gwp'rr
The Kibble determinand in Eq. (22) is given by
A(x,y)=xy(1+3B)—x?y—xy*= B(1-B)%, (24
where
s t m2 m’
“w T P T

PHYSICAL REVIEW D 61 034013

TABLE I. Numerical results for thew—3m decay width for
three possible values @f,.

g, Gupr FGSW(wH\?m') I'*(w—3m)
(GeV™Y) (MeV) (MeV)
5.03 10.33 2.72 3.79
5.68 13.19 5.66 7.39
6.01 14.75 7.92 10.06

In the QLoM the nonresonant contribution arising from
quark box diagramgFig. 3) necessarily exists. From the nu-
merical results reported in Table | we conclude thato@®L
predictions are in agreement with experimental data within
the 20% uncertainty associated with the determination of
gy . Itis worth remarking that, as shown in Table I, the data
on w— 37 seems to favor the value gf, as extracted from
the w leptonic width, which also nicely reproduce the experi-
mental data onw— 7y decay.

V. SUMMARY

We worked out in Sec. Il the quark level linear sigma
model predictions for thevp s coupling constant. We ob-
tained g2-7"'=(10.33,13.19,14.75) GeV, these values
corresponding tay, as extracted fronp leptonic width,
leptonic width andp— w7, respectively.

A nonresonant contribution to the— 37 decay naturally
arises within the QM. We evaluated the box contributions
(Fig. 3) to the w— 37 decay in Sec. IV. We found an am-
plitude which leads to a small decay rate by itself, however,

The phase space integral has been worked out by TR@gjvs the interference between the box contributions ancpthee-
in the case of a constant matrix element. Since the numericliated amplitude leads to a sizable effect in the decay rate.

evaluation of the integral is straightforward, below we report

The amplitudes for the w—my(9,,,) and p

the results according to an exact numerical calculation;~ 7¥(9,~,) were obtained as a by-product of tg, . cal-

which of course reproduces the results of R8&f.in the case
of a constant matrix element.

The quark box contribution to the— 77 decay rate is
small:

Mo w—37)=0.11 MeV. (25
In Table | we summarize the numerical results for the
—3m decay width for the three possible valuegggf. These
results are to be compared with the experimental data:

[ od @—3m)=7.5£0.1 MeV. (26)

culation. The agreement with experimental data is good for
the w— 7y decay. In the case of the— 7y decay, the
QLo M predictions are within two standard deviations from
the central value reported by the Particle Data GrRIpG)
[10].
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