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Radiative decays of heavy and light mesons in a quark triangle approach
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The radiative meson decays— Py andP— yy are analyzed using the quark triangle diagram. Experimen-
tal data yield well determined estimates of the universal quark-antiquark-meson coupliRgsindgeqq for
the light meson sector. Also predictions for the ratios of neutral to charged heavy meson decay coupling
constants are given and await experimental confirmafi®8556-282(196)06411-9

PACS numbgs): 13.25-k, 12.40.Vv, 13.40.Hq, 14.46.n

[. INTRODUCTION in quark masses and hence propagators in the loop, and cor-
respondence between theory and experiment was achieved.
In earlier work[1] we used a supermultiplet theory unit-  Nonetheless, a crucial assumption of the quark triangle
ing the vector and pseudoscalar mesons to attempt to obtafliagram is that the meson-quark-antiquark vertex has the
a universal three-point coupling constant. The relativisticform gp g7 vs for the pseudoscalar meson aggq y* for
multispinor fields of the supermultiplet theory describedthe vector meson. If we are to confidently use the quark
pointlike mesons with correct spin, parity, flavor, and colortriangle method, we wish to test the appropriateness of this
degrees of freedom without necessarily invoking the notiorassumption. We do this by extracting the couplings from
of constituent quarks. Despite the apparent contradictiomxperimental measurements and examine the extent to which
with the modern understanding of the quark nature of methey carry the spin and flavor symmetries. With this in mind,
sons it has been show@] that such a field is dynamically we first formulate the limit free form of the integral and
equivalent to a system of two quarks moving at equal velocderive a limiting case which uses chiral symmetry. This en-
ity and on shell. This relatively simple scheme does nonetheables us to compare our result with others. We also deter-
less compare favorably with experimental results for strongnine a heavy quark expansion. Following this, the scheme is
vector and pseudoscalar interactions in the light and heavgpplied toP— yy decays, which yields estimates @ ,q,
meson sectors. When we included the radiative decays bgnd then to V—Py decays to obtain the product
incorporating vector meson dominance with the scheme wey,qgpqq for different quark flavors.
once again found reasonable agreement, but there were someThe results indicate that the meson-quark-antiquark cou-
unexpected and significant deviations from the theory, parplings in theVV P sector determined from different channels
ticularly in theK* — Ky decays. which involve common constituent quarks are remarkably
The supermultiplet theory and exact &Y predict the uniform, suggesting that the effective vertex in the quark
coupling ratio |gy«oko,/gk=+k+,| to equal 2. But experi- triangle diagram is valid. The data also demonstrate that the
mental measurement currently estimates the ratio asiangle method should be highly predictive due to the sta-
1.51+0.13, a substantial difference. One possible reasobility of the couplings. Finally we use the method in the
why the supermultiplet scheme did not comply with the ex-heavy meson sector, to predict coupling ratios of the form
perimental measure is that the exact form of the vector megyopo, /gy+p+, Where the only free parameters required are
son dominance is not known in tlgf—0 limit; it is only  the constituent quark masses. Our resultDdr decays falls
accurately known fog?=m? from V—I|*1~ decays. Hence within other theoretical estimates, while that®f is sensi-
there is some uncertainty in extrapolating vector mesorive to b quark mass.
dominance to the off-shell case. However, the difference in
theory and experiment is so large that it is unlikely this is the Il. QUARK TRIANGLE
only contributing factor. Thus we also implemented some _ i )
symmetry breaking in the supermultiplet scheme, but the In the quark triangle formulation of Fig. 1, the decay from
K* radiative decays seemed impervious to our attempts a@ctor meson to pseudosqalar meson and phpton state is me-
matching theory with experiment as large discrepancies rediated by a quark loop with flavors of constituent mass
mained. andm. (The choice of constituent mass rather than current
To understand these deviations further, we sought &ass is supportef8,4].) The quark triangle diagrams corre-
method which easily allowed for off-shell propagation of thespond to the Feynman amplitude for the decay
guarks so that we could evaluate the magnitude of this nec-
essary correction. A convenient and apparently successful
method for doing this was by use of a quark triangle dia-
gram, which so far has given accurate predictions for
7°— vy decay widths[3] and pion and kaon charge radii
[3,4]. A form which used chiral and isospin symmetry has
also been successfully applied to tK& radiative decay
problem and some radiative decays in the light meson sector
[5]. The resulting loop integral accounted for the difference FIG. 1. Quark triangle diagrams contributing¥o—Py.
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wherex#(€”) is the vector mesofphoton polarization vec-
tor, M*(M) is the vector (pseudoscalar four-momenta,
Ovqq(9rqq) is the vector-quarKpseudoscalar-quaricou-
pling constant, an@Q is the electric charge of the quark o
massm in the loop.

The Feynman loop integral involved in the amplitude
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v1.= = (8°+26— (M/Im)2+{[ 52+ 25— (M/m)?]?

—(2M/m)% Y32 4
={m?—m?+ M2 \Y(m? m? M?)}/2m? (5)
and

N(m?,m? M?)=[M?— (m+m)?][M*~(m—m)?]. (6)

We obtain a similar expression fof , upon substitution of

M by M*. The factorization we have performed does not

necessarily lead to real; or v, and we must consider the
¢ case for both real and complex arguments.

1. Realv} or vy

may be solved with standard techniques. We maintain the We first consider the simplest case, that when eitkfeor

notation of Bramon and Scadr@BS) [5] and call the inte-
gral J, a dimensionless quantity after multiplication by
Subsequently,

1 1-u
J=mj duf dv
0 0

m+(m—mju

X (2
m?+(m?—m?)u—M*2up —M?u(l—u—vo)
2 1
o m el
M*z_szodU(5+1/U)(|”|J |=1Inlj])
2
= M*Z_MZ[‘]I_‘]1+‘]§_J2]! (3)
where
m—m
5= ——,
m

j=[m?—(m?—m?+M?)u+M?3u?]/m?,

1
3= —f duln|j|/u,
0

1
Jzz—af duinlj|.
0

andj*(J7,J5) corresponds tq(J;,J,) with M«—M*, re-
spectively. NowM* (M) refers to the vectofpseudoscalar
meson mass.

A. Determination of J;

In attempting to find an expression fdy, we rewrite the

argument of the natural logarithm in a form similar to that of

the dilogarithm. To do this, we factorieas
j=1+[82+26—(M/m)2Ju+M2u?/m?
=(1-viu)(1-vyou),

where

vy is real. For the moment we simply deal with regland
extend our findings to read; by substitution ofM by
M*. The factorv, is only real when\(m?,m?,M?)=0
which from (6) implies

M=m+m or M<|m—m].

)

When we are assured of rag| the solution of]; is related
to the standard dilogarithm function:

1 2 nl-vul &
== [auZ PSS Uio0)
0 k=1 u k=1
2
kz' Liz(l}k) for v=1,
=i

2
> Liy(vy) +iminjoy] for v, >1.
k=1

®

2. Complexvy or vy

Thewv, are complex if\(m?, m?,M?)<0 and we need an
appropriate method for handling this situation. Fortunately
the dilogarithm of a complex argument does exist, and so we
may proceed.

We express), as

2
1 In|[1—vu
e [[a, e
0 k=1 u
pel n(1—2) dz

_él fo z

2

fpln(l— 2XCospy +X2)
0 X
P
+i f arcta+
0
fpln(l— 2xcosp+x?)
0 X

1
k=12

dx

dy
yl

ysing
1-ycospy

1=

dx=2Lix(p,¢), (9

where
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m2—m2+ M?2 and is valid for allm,m,M. We obtain a similar expression
p=M/m, ¢=¢1=—¢,, and cog=—7r——, J% when we substituté/ —M*.
(10) It is also useful to expresk, in terms of reab, . Follow-

ing a similar method to that used for derividg, we find
andJ; corresponds td; with M« M*.

2
B. Determination of J Jo==62, (1-1In|l-v, for N(m2m?M?)=0.
J, is a simpler integral to evaluate as it does not contain k=t (11)
the 1U dependence. Recall

1
J,=— 6j duln[1— (1—m?/m?+M?2/m?)u+M?2u?/m?], IIl. COMPARISON WITH COVARIANT AMPLITUDE
0

Our final form for the loop integral is
which, by standard techniques, reduces to

m-m —_ 5 2 m U2( 2 T2 2 m’ * *
JZZmMZ (m*—=m°+M )Ina—)\ (m7,m*,M*) J:W[Jl_31+~]z_~lz]- (12
1/20 2 A2 2
% arctan AT, m7, M) , Here we have not considered the imaginary padjinvhich
m?+m?—M?2 is irrelevant to the decay process:

2

> Liy(v,,0) if A\(MMEM2)=0  wherev; ,=[m2—m2+M2=\Y2(m2, m2,M2)]/2m?,
Ji=4 k=1 ’ (13
2Li,(p, @) if N(m?m?,M?)<0 wherep=M/m, cosp=(m?—m?+M?)/2Mm
and IV. P—yy IN THE QUARK TRIANGLE SCHEME
m—m m . . . . .
J,= Mj[(ﬁz—m% M?)In— — A Y2(m?,m?,M?) We are interested in understanding the behavior and obtain-
m m ing actual values for the coupling constargs,y and
T . gvqq in the light quark sector so that we can use appropriate
% arctan ATH(m®,m%, M%) estimates for these couplings in the heavy quark sector. To
m2+m2—M?2 this end we can use the well-documented decay data for

V— P in the light vector meson sector, as well as the de-
Thus, our Feynman amplitude for the decay is caysP— yvy. These latter processes are particularly useful as
they only involve the coupling@pq7, and not the product
Ovqq9pqq as does the first case. Consequently, we must
X[QJI/m+QJI/m]/4m?, (14) _derlve the amplitude for the decay of a pseudpscalar meson
into two photons. This we may do by following a similar
where J—J when me—m (from the momentum crossed derivation as above, but it is much simpler to make the fol-

Feynman diagrajnand Q is the charge of the quark with lowing substitutions in th& — Py amplitude(14):
massm. We compare this with the general covariant ampli- p* _.pm M0 0o~ and Je.—r—e
tude for the proces¥— Py, ’ vaq' = dpag’ Opqq—eQ

A(V—P7y)=iNce0yqqIpqq €uvpokc’ € PPk

and since all pseudoscalar mesons involved# yy de-
cays must be quark flavor singleta=m,Q=Q,J=J. Sub-
sequently(15) is reduced to

A(V—> P’}/) = igVPyeaﬁMVPakBKMEVy

so that our quark triangle approach resolvesdpg, cova-
riant coupling constant as Upyy= 2Ncgpqyez[QZJ/m]/4w2, (16)

gvpy=NceOyqgpqg[QIM+QI/ml/4n?. (15  where

2

2
> Lix(vg,0) if M=2m  where vy ,=M[M/m=(M?/m?—4)Y2]/2m,
k=1

2
m
ZWLiz(p,d)) if 0OsM<2m wherep=M/m, cosp=M/2m.

<] 3
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V. CHIRAL LIMIT 2 2

m
CL_ ; * _ _ * .
The chiral symmetry limit is useful in the light meson VIR 5+k21 [Liz(vic.0) = 81~ 1hi)In[1-vi[]

sector, and gives our work direct comparison with that of

Bramon and Scadrofb]. The limit corresponds to a small i N
pseudoscalar mass when compared to the vector mass, that —Lix(=28,0)+(5+3)In[1+24]
is, M*?>M?2. Such a limit is entirely appropriate for the

study of the radiative decays &f* mesons, and it is reas- with v} defined in Eq(18). This form is very similar to the
suring to know that oud reduces to thely of [5] in the 3, of Bramon and Scadrof]. There is a subtle difference

chiral limit. . . in their use of the dilogarithm function (z) versus our
The chiral limit, corresponding tM—0 in J, enables us  function Li,(z,0) which is similar to the dilogarithm, but
to use the real form fod, in (8) asM<|m—m, which only allows real solutionghe termi «rln|v,| in Eq. (8)
_ ensures thik In the chiral limit with M* >m+m these two
(M —0)= 0 for k=1, functions are equivalent. In addition they have the term
k —(8°+25) for k=2, (6—1/2)In1+248 whereas we havedt+ 1/2)In1+248. We
believe that this difference is due to a typographical mistake
from (4) so that as the argument of the logarithmic function is linked to the
) multiplier outside, so that there should be no difference be-
Jum 2 Li,(0,.0) tween them(the missing multiplication factor of 2 is easily
17 & 2l accounted for, but not the sign change
=Li5(0,0)+Li,(— 6°~24,0) A. Chiral limit of P—yy
=Li,(— 8°—26,0) There is a well-known chiral limit of thd®— yvy case,
namely, 7°— yy [6,3], when g,0,.,=e°N¢g,0Q%/4m’m.
and This implies that]J=1/2 for the pion. We can establish this

from our full formulas. The chiral limit implies that

2 . .
J,= _5; (1-1in|1—vy M ,0—0 so that the appropriate form dfis
=1

J=2mPLis(p, $)IM?,

=—6—0[1+ 1/ 6%+ 26)]In|1+ 26+ &7
and we defineM/m=e¢€¢ with e—=0 as M—0. We subse-

2(56+1)2 N _
s ( ) |1+ 4. quently findp=e¢€, cosp=€/2, and, therefore,
5+2 )
2 1 (eln(1—ex+x )d

ThusJ in the chiral limit, which we denote a}°", becomes =2 Efo X X

m2 2 1 (e ) )
JCL=M—*2 5+k21 [Liy(vy,00— 8(1—1wi)In|1—vi]]- - ~— ?fodX[—eHl—e 12)x+ €(e"+3)x/3+ - - -]

2(1+ 8)2 _1
—Liy(—82-25,0)+ —(2+ 5) In|1+ 4], (17) =5 €2+ Y9t

: . . Therefore] reproduces ther® result in the chiral limit.
where we have assumeq is real. This form may be sim- P Y

plified even further near the isospin symmetry limit whereby
m~m. In this instance we ignoré terms of order 2 and

higher: Since we are particularly interested in the heavy meson
) > ) decaysD* —Dy and B* —Bvy, we feel it is of interest to
Liz(=6°=26,00—Lix(—26,0), examine the heavy quark expansion of our loop integral
2(1+8) To derive this we consider an expansion in terms of the light
1 to heavy quark mass ratio in each of the loop integrals. We
2+6 In[1+6]—(5+3)in|1+24], make the arbitrary choice ah=m, and m=mgq, where
m, is the light quark mass aneh, the heavy quark mass.

VI. HEAVY QUARK EXPANSION

vy —— (26— (M*/m)?={[25+(M*/m)?]? These lead to the definitions
—(2M*/m)2}1?)/2 m
M*2 M*2 2 \*2)12 ﬁ:ﬁ (19
=W‘5i[(m‘5) ra (18 o
M=m+A, (20

Thus we findJ incorporating isospin symmetry between

quark flavors reduces to M*=m+A*, (21
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wheree— 0 in the heavy quark limit, and,A* is the com- ignoring the constant term ia. This reduces to
bined binding energy and light quark mass.
JHoL_ _ e(r*In|2r* e|—rIn|2re|)
A. Heavy quark expansion ofJ (r*—=n)[1+2e(r*+r)]

When dealing withJ, Egs.(20) and(21) lead to

as the highest order terms in the expansion. Note that this
M/m=r + 1/e, term is of the formelne and we can thus expect slow con-
vergence of the heavy quark expansion.
M*/m=r*+1/e,

wherer = A/m andr* = A*/m which are independent of the B. Heavy quark expansion ofJ

heavy quark mass. We expressf Eq. (3) using these rela- We maintain our definition o€ andr; however, sincd
tions to find corresponds td with m«—m, we shall need the relations

1 1-u M/m=1+A/m=1+re,

J~| du dv
0 0
M*/m=1+A*/m=1+r%¢,
« ule
u/e’—2(r* —r)uvle—(2r +1le)u(l—u)le’ from which

5 fld flfud 1+(e—1)u
1My Toum 2 —hew—(1+2reu(l-u)’

ignoring thee? contribution. Thus our heavy quark expansiorﬁfeduces to

2e(l—¢)

JHQL_ | ; * 1 _
J Lio(1+2r*€,0) L|2(1+2r€'0)+1+26(r*+r)

(r*Inj2r* e|—rin|2re|).

To simplify this form further, we consider an expansion of the dilogarithm. Since

. . . _ [1+2rre In[1—uf
Lio(1+2r*€,0)—Liy(1+2re,0)=— du
1+2re u

2r*e 2 3
~— danz(l—z+z°—z°+-. )
2

re

=—2¢[r*In|2r* e|—rIn|2re|—(r* —r)+O(e)],

we then arrive at our final form P— vy case one would assume the pseudoscalar rivhss
would consist of the sum of the quark masses along with
JR— € . . _ - _
JRRL=1— % (r*In|2r*¢[—rin|2ré]). some binding energy so th&at=2m+A. Then the loop in
r*—r tegral could be expressed as
Once again observe thdne dependence, indicative of slow — (1 1-u  dv
convergence. J=J= o du o 1-plup’

It appears that both expansiodg?- and JHR" will only
converge slowly to their true counterpadsandJ. Thus, where p=M/m=2+A/m, and one would attempt to do
unfortunately, they are not so useful approximations for eisome sort of expansion near=2. Unfortunately such an
ther thec or b quark cases. expansion is impractical as the integral contains a pole at

There are other possible expansions we could considep=2,u=1/2.
namely, that of thé®— yy andV— Py loop integrals where

there is only one quark flavor in the loofsuch as VIl. RESULTS
Ne—= 7YY, M— 7YY, Jp—ncy, or Y—nyy) and consider . , ,
some expansion as the quark mass becomes large. Unfortu- A. K*—Ky and the coupling ratio

nately, such an expansion fails to be a good approximation, The observe&* branching fraction of
simply due to the assumption one has to make about the
pseudoscalar and/or vector mass. For example, in the Fgxo_ ko /T gx+_x+,=2.31+0.29,
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FIG. 2. Appropriateness of chiral limit, shown in the lack of  FIG. 3. Breaking of S(B) by s quark mass. The experimental

sensitivity ofggxoko, /gy +k+, to K meson mass. measurement is included.
and corresponding coupling constant ratio of B. Measurements ofgp,g
We may obtain estimates for tigg ;o7 coupling constants
|gK*0KOy/gK*+K+y| =1.514+0.125 (22 using experimental measurements of tRe-yy decay

widths. In particular the widths forr®— yy, »— vy, and
n' — yvy processes are well known and we should be able to
determinegp,;andgpssto reasonable accuragywe make
The isosymmetric approximatiafe o= 9pdq,My=My) -

Beginning with them® meson which is the antisymmetric
mixture (Uu—dd)/+2, we find

is far from its SU3) predicted value of 2, but is simply
understood in the quark loop formalism as shown by Bramo
and Scadror5]. We quickly reiterate this point. Using Eq.
(15) and assumingy,s= 9vqs aNdgpys= Jpgs, then

Oerokoy,  Ja L K*OKOT/my+ g [K*O,K)/mg 6e? [[2\% 3,7 1\ 3 [7°]
Okx iy 234, K* T KT TIm,—Jg [K* ¥ KT ]/mg 0or= 472 | |3) 90 m, T T3] 9y,
=-14r, @3 _ e | deuu 9pdd o
—W 4f_f Ju[’JT ]/mu
where we have used a more complete notalfipg:[V,P] to
denotel] for quarksq,q’, vector mesorV, and pseudoscalar g2
mesonP of massesn, m, M*, and M, respectively. We Imgpuﬁlu[wo]/mu. (29

used quark masses,=my=340 MeV andm;=510 MeV.

The experimental uncertainty in the coupling ratio permits o i .
the s quark mass range 475m.<545 MeV, when Ina 3|m|lar_ fgshlon, we use the_: standard oct.e.t-smglet pseu-
m,=340 MeV, and a fixeds quark mass ofn,=510 MeV doscalar mixing angl@p to ascribe thep-%' mixing by
permits au quark range of 228m,<385 MeV. Since an

s quark mass ofmg=m_ /2 gives such a good comparison 1 . — =
between the quark trigngle diagram and the experimental = %[(COSHF’_ V2singp) (uu+ dd)
measurement, we will choose such a mass throughout this

work, along withm,=my= 340 MeV. The result of Eq23) —\2(sinfp+ \2cop)ss],

compares well with that of5], indicating that their chiral

limit formulas are appropriate. In fact we can observe the

variation from the chiral limit tdVl = M using ourJ; as Fig. 7' =—[(sindp+ V2coPp)(uu+dd)
2 shows there is very little change in the result. 3

We can also dramatically show how tlsequark mass . —
breaks the S(B) symmetry. Figure 3 displays the behavior +/2(cosfp— V2singp)sS].

of ggxoko,/Qkx+k+, from mg=m,=my=340 MeV [the ) i

SU(3) limit] to mg=550 MeV, clearly indicating that it is the Following a methodology such as E4) we obtain rela-
violation of constituent quark masses from (QUsymmetry tions _betweer} the covariant _amplltudes and meson-quark
that is responsible for the large deviatiori# mesons from couplings which are given in Table I. We have used
the expected symmetry. THhe radiative decays are particu- Mu=340 MeV, m§:_510 MeV, and two different mixing
larly sensitive to S(B) violations as they involve the con- 2nglesfp=—10.5° (in accordance VZ'th the quadratic Gell-
stituent masses of strange and nonstrange quarks in the lodfgnnN—Okubo relationand #p=—20° (which is partly fa-

of the corresponding triangle diagram. Subsequently, th¥Oréd by pseudoscalar decay procepaéang with the cova-
heavier meson cases are best computed by the triangle did@nt couplings from the measured decay ra®s

gram which can allow for different constituent masses in the -

loop, rather than an S¥) or SU5) symmetry. I'p_.,,=MpYp,,/ 64,
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TABLE I. Radiative decays of ground state mesons and relations between covariant cogplings
9vpys O Upy, and meson-quark-antiquark couplingqq7,Jpqq -

Process Relation between covariant couplings and mesonquark couplings

2

9,0 Yy 2\/5 ng'UU
2

I W{S(cosﬂ;— V2SinGp)gp i I,

m—yy A7) m,

n—yY
- \/—(S'W%+ \2cosp)gpssld 7lmy
7y Uy yy= J‘ ———{5(SiNdp+2coFp)gpyid 7' I,
+12(codp—\25inp)gpssdd 7' Iimy
. 2¢?
N VY grjcﬂ'y}/: EZQPCF]C[ ﬂc]/mc
0_,.0 e
pr=my 0,0 70y= EZgVuﬁgPuF]u,u[porﬂo]/mu
+ + €
p=my gp+~>77+y:Engu?gPuE]u,d[erlWJr]/mu
o_, V3e .
P my 9,0 py= A2 (cosfp— \/zsm‘gP)gVuﬁgPu?‘]u,u[Pov77]/mu
o— 1y \/—
Gur 0y = 72 (SINGy+2COR)GiGp ] @ 7°Ym,
w7y Qo= oz (SN + V2O, ) (COBp—VZSINGE) Oy icBpu 0, M,
+2(COgh— 2SiN)(SiNp+ /2 COBp) GysTpsslsd @, 7)/My}
"0 \/§e . ,
=Py 9y —p0y= m(smeP-i_ ﬁcosgp)gVuwPu?‘Ju,u[n 1p0:|/mu
e . . ,
7wy 9y —wy= T2 (SIN+2COR)(SiNbp+ V2 o) GyiiGpuidu 7' 0lm,
—2(cos,—2sing)(cossp— \/ESinap)gvS_sQPs?]s,s[ 7' ,w)/mg
0 J3e )
$mmy Gy 0= 72 (COSy—\2SINA)Gyicpid &7V,
e . .
oy 01y Tp2 {(CO— V2SN )(COTp— VZSINGR)OvuGpuidoal 6. 7IM,
— 2(SiNy+/2CORA)) (SINbp+ /2 COFp) QysBps s b, )My}
*0 0 e
K=Ky Okr0-k0y= 72 Gvaspas(dad K* O KONMy+ 3 o[ K*0,K1/my)
*+_ K+ e
K K Y gK**HK*y:EZQVUEQPU?(ZJU,S[K*+1K+]/mu_Js,u[K*+1K+]/ms)
e
Iy—ney Qi1y—ney= _ZchﬂPcc c, LI, mcllimg

to obtain several estimates of the pseudoscalar-quark cogp (m? 7)) =4.61:0.19 for 6p=-10.5° and gpuu(m? )
pllngs as given in Table Il. We used thg—vyy and =4, 39+O 17 for 6p=—20°.
n' — v to determine simultaneously the values. The Goldberger-Treima(GT) relation at the quark level,
From the results, it appeagy, i differs as determined gives us a good check of our results. For the pion, the rela-
from 7%, 5, andy’ processes. Considering that theneson  tion reads
is about 4 times as massive as the pion, it may be appropriate
to allow for such a mass dependence in the coupling con-
stant. Suppose we label the first coupling constant from fwgpuifmzo)/\/EZ my.
0 2 . T
7 — vy asgp,y{mMm_ o), while the second fromy—yy and
77’—>‘yy as a coupling constant somewhere betwegrand
+. Numerically we tOOk the appropriate mass as the equalising our coupling value in Table Il along witim,= 340
Welght averagerh +m ,)/2. By linearly interpolating be- MeV we predictf .=93.5+3.46 MeV which compares well
tween these two coupllngs we estimated a value ofvith the experimental resuft,=92.4+0.26 MeV[7].
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TABLE II. Determination of meson-quark-antiquark couplings.

Experimental result Meson-quark-antiquark coupfing

(X107 MeV~1) [7] fp=—10.5° fp=—20°
|9.,0,,/=0.2516+0.0091 Up,7=5.14-0.19

l9,,,,/=0.239+0.011 4 [gpu?4.03i 0.14, [gpu? 3.56+0.12,
l9,,,/=0.312:0.01 Opss=6.42+0.67 OUpss=8.19+0.65
|g,,m| =0.07297-0.01366 Opcc=2.03+0.38

|9,0_. 0,/ =2.96+0.38 gyvuidpuo= 14.82£1.90

|0, . mt,| =2.24+0.13 Ovuiteii=11.32£0.64

9,0,/ =5.67=0.53 Ovuideui= 10.96+ 1.02 GvuiGpyu=9.56+0.89
|04 0,| = 7.04+0.21 Ovuideui=12.53+0.38
|0,,.,/=1.83+0.23 J [g\,u;gpu? 12.3+1.5, [g\,u;gpu? 10.7+1.3,
l94.,,/=2.117£0.05 OvssUpss=7.08+0.17 OvssUpss=8.66+0.21
|94 0,]=0.417+0.021 OviiOpui=25.1+ 1.3
|gK»0_ko,|=3.84+0.17 OvgsOpds=8.43+0.37

|gk» +_k+,/=2.5634-0.115 Ovus9pus=8.21+0.37

|gJ,,,Hm|:1.67t 0.26 Ovccpcc=1.87+0.30

3m,=my=340 MeV, my=510 MeV, m.= 1550 MeV, 6, =219.4°.
Py i8pua=11.9+ 0.6 for 6, =224°.

Also included in Table Il is the estimate gh.z-using a different couplings and thus on average we find
charm quark mass afi,=1550 MeV along with the experi- gy, 5= 2.40+0.08 (weighted averagefor §p=—10.5° and

mentally determined width7] of I',, .., =7.0=2.6 keV. Ovuyu=2.35+0.08 (weighted averageor 8= —20°. It dif-
fers fromgp, 7, revealing a substantial violation of the spin
C. Measurements ofgy g symmetry in the triangle scheme.

. We repeat this procedure in the analysiggfs, but with
Therdg em;t tme:cny useLqI gecay chagn‘ffls» F.)y atr;1d cor—d fewer channels to determine a result. Consequently we have
responding data from which we can determine the produc vee=1.10 for p=—10.5° and gyes=1.06 for Op

.gV‘ﬂqu?'d.T% thils end we proceecﬂ} in two stelps. First, we 2% g indicating a large SU(3)symmetry breaking once
Interpret individua meson-meson-p oton couplings in termsagain. Estimates fayy .z using theld/ y— 5.y channel yield
of meson-quark-antiquark couplings, deriving relations be- ——0.02+0.23. Note thatjycs-andgp are not substan-
tween them as shown in Table I. Assuming isospin symmegVCC e o . aovee Ypcc @ B

. . _tially different, perhaps indicative of a limdy,g=9 as
try there are only two unknown products of couplings - hets large Vag— JPaq
volved in the light meson sector; one &, ,9p,u fOr a9 ge.

. . 7V For completeness, we wish to obtain a measure\Qfs-
nonstrange quarks while the otherdgssgpss for strange : o
quarks. using the produdy s9p,5- However, we have no means of

Following this we extract individual meson-meson- getting gegs for the kaon in the triangle scheme. This is

photon couplings from the most recently measured decagecause, unliker®, the K°— yy decay is not mediated by

: T o3 3 . ure electromagnetic interactions. However assuming the
widths T'y._.p, = (my, —Mp) "gyp,/12mmy by simply remov- Goldberger-Treiman relation at the quark level
ing the kinematic factors. The results are listed in the first '
column of Table Il. As one can see, they scatter over a rela- fOpgstm2) = (m,+m)/2,
tively wide range.

We are able to determing,,;0p 5 Solely from any one
of the processep®— 7%y, p*— 7"y, p°— 5y, w— 1y,
and w— ny. In addition, the decay®— ny and ¢— 5y
can be used to simultaneously solve fgy,30p,7 @nd
OvssOpss. Our numerical results are shown in the secondbe
column of Table Il where we use the same quark masses =
previously along with standard mixing angles.

The values of the produd,, ;g g turn out to lie in a
quite small range, except for that from tige— 7%y. How-
ever, it would fall into this range had we chosen a mixing
angle of aboutd,=224°, a change of 4.6°. Such a high
sensitivity of ¢— 7%y to change in mixing angle suggests it VIIl. PREDICTIONS
is reasonable to exclude this channel from our analysis. Re-
calling the couplings of a pseudoscalar meson with quark-
antiquark pairs discussed previously, we now ob®jg- We can use our best fit estimates of the meson-quark cou-

As the light vector meson masses vary by less thampling constants to predict the decay width for the decay
30%, we shall not attempt to distinguish between the slightlyp— 7'y,

we find gp4ys=3.77+£0.03 where we have used
fx=113.0+ 1.0 MeV [7]. Subsequentlygys=2.21+0.10
(averaged over the charged and neutral procgsses

We ought to point out that the triangle scheme has also
en applied to radiative decays gf into p° or w, but

led to yield coupling constants near the above range. This
suggests to us that we should tregt in a different way
which would most likely incorporate the(ll) anomaly.

A. ¢o— »' v coupling constant and branching fraction
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90 pl.,
Ipr+py

° 500 1550 1600 1650 1700 1750 Teoo e (MeV)

FIG. 4. Variation of coupling ratio witlt quark mass.

e . .
9o yry= 7oz (COBy~ J2singy) (sindp+ \2cop)

X gVuﬂgPuF]u,u[d’a 77,:|/mu
+2(sinby+ v 2cody)(cobp
- \/ESineP)ngmPs?]s,s[qs’ U/]/ms}v

and usingm,=340 MeV, m;=510 MeV, and mixing angles
0p=—10.5°0,=219.4° along with our couplings from
Table 1I, we compute the coupling to by, .,

9520 B0,
9p*+pty

— 2800 5000 5200 5200 my (MeV)

~0.6
0.8 (\

FIG. 5. Variation of coupling ratio withh quark mass.

(approximately half theJ/y mas$, yielding gpxopo,/
gp*+p+,=6.47 and & quark mass of 4730 MeVapproxi-
mately half the Y mas$ which gives gg«ogo,/
gg*+g+,= 0.018. We can compare our results with those of
other workers. These are presented in Table Ill. We hoped
that our study ofyqq7,9pqq Measurements would enable us
to make some reasonable guesses qf,c0p,c and

TABLE lll. Summary of theoretical estimates.

=—5.69x10 . This gives a branching ratio of Reference [90+00,/G0+ 0| |98+ 080, /e -5+
_ [7] - -
B(¢p—n'y)=4.16<10 "%, This paper 6.47 0.018
which is slightly above the experimental upper limit of [10] 3.05£0.63 0.4%-0.38
B(d— 7' y)<4.1x 104 at 90% confidence levgr]. How-  [11] 2.98+0.62 -
ever, we note that a change to smguark mass of,=500 [12] 6.32£2.97 0.64-0.51
MeV produces a branching fraction oB(¢—n'y) 1317 11.0£2.3 -
—3.24x 1074, so that the result displays very sensitive de-[13]" 12.9£2.7 -
pendence on the choice sfquark mass and probably vector [14] 3.28+0.83 -
mixing angle. Also we remain cautious of predictions involv- [15] 54+1.1 -
ing the »’ meson due to its association with the(1y  [16] - 0.58+0.44
anomaly. [17] ¢ 6.95+1.44 -
[18] 6.61+1.37 0.62:0.48
B. D*—D+y and B* =By coupling ratios [19] 5.54+3.00 0.58:0.48
Since ourJ is approximation freg(i.e., no chiral limit E]O] 350??0 73 0'_81
assumptions we can safely use it in thB* andB* meson [21] R 0.678 0.523
cases. We do assunt®,o=9vdq and gpuo=9pdq Where [22] 3.84+0.80 R
Q is either thec or b quark (much like we did in the o B
K* —Ky casg to obtain [23] ; 1.66-0.34 ’
[24] 3.93+0.84 -
Op*opoy,  2(Jy[D*%,DO/my+J [D*°,DO]/my) [24]ﬁ 4.49+0.96 -
= *T T N [24] 3.92+0.84 -
Jp*+D+y Jg,o[D* 7, D7 ]/my+2J. 4[D*",D ]/nzi5) [25] 500041 ]
[26] 3.78-0.78 -

and

gB*OBOy ‘]d,b[B* O,BO]/md-i-Jb‘d[B*O,BO]/mb

Ogx+g+y JuplB*,B1/m,—2J, ,[B* "B ]/my’
(26)

Relations(25) and (26) allow us to examine the coupling
constant ratios as a function of theand b quark mass,

dGaussian wave function witm,=300 MeV, m; = 1500 MeV.

bBS wave function withm,=350.MeV, m, = 1500 MeV.
‘m,=my=300 MeV, m;=500 MeV.

9The original paper contained an error for this calculation. This is
the corrected value.

€Zero anomalous magnetic moment of the charm quark.

fSU(4) symmetry.

respectively. The results appear in Figs. 4 and 5. In order téBroken SU4) by M1 transition.

give actual values we use @ quark mass of 1550 MeV

"Broken SU4) by 1M2 .
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Ovubdrun. but the data do not allow this. Thus we cannotconstants are relatively insensitive to the pseudoscalar mix-

make predictions about actual decay widths. ing angle.
A number of predictions have been made based on the
IX. CONCLUSIONS scheme. First we note that our theoretical result for the

¢— n'y decay width is around the present experimental up-

We have successfully evaluat¥d-Py andP—yy pro-  per |imit and awaits comparison with further measurement.
cesses in a quark triangle diagram scheme which is valid fo§econd our prediction fogp*0p0, /Gpx = p+ = 6.47 With
arbitrary vector or pseudoscalar masses. By comparison Withwc~m3,¢/2 is within range of other theoretical estimates,
available experimental data, we found that this schemgie O+ 080, /Jps 5=, = 0.018 formy~my /2 is small com-
works well for all radiative processes involving the light me- pared with the few results in the literature. We expect that
sons(no charm or bottom quarksexcept forg— 7y (due  fytyre measurements of these radiative decays will distin-
to the sensitivity of this channel to the mixing angknd  gyish between these predictions.

7' —p%(w)y.

The scheme produces well-determined estimates of the
meson-quark-antiquark couplings for the light mesons. The
large difference betweeg, g7 and gpqq indicates a sub-
stantial violation of spin symmetry in the quark triangle for-  The authors wish to thank Professor R. Delbourgo and Dr.
malism. We also observed a relatively weak (SlUchiral ~ D. Kreimer for useful discussions. D.L. wishes to thank the
symmetry breaking due to the finite masses of the GoldstoneARC for financial assistance under Grant No. A69231484
type pseudoscalar mesons, along with a more appareand the organizers of the Joint Japan Australia Workshop on
SU(3), symmetry breakdown arising from the difference in “Quarks, Hadrons and Nuclei” in which Professor M. Oka
light constituent quark masses. We note that these couplin@] and Dr. H. Yaby9] brought their papers to his attention.
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