


The importance of deteoting SU:—violations and quark line
rule ( QLR, or 0ZI~-rule ) breaking effects in speotra and deocays
of 1light mesons 1s wldely reoognirzed, Estimating such effeots is
important both for oomstruoting a correot phenomenology and for
understanding the struoture of QCD at large distanoes. A new
phenomenology of the meson spectrum, whioch i1s conslstent with
QCD, has been reoently propomed ( see 3/ s where detalls as well
as notation and referenoes can be found ). This phenomenclogy
prediots new values for the octet-singlet mixing angles in V4
and 0)' meson states

B = Bp () =~17.2° , 8] = 0,(z") =-20.6 " (»

The result of the latest experiment on high energy 7/7’ produo~
tion 12/
K=Emprym/E(mp->nn)=.55%06 , p =4-200 ¥ @

dramatically disagrees with the generally aooepted mixing angle
Q'=BP£?)=Q(Y)="°:M 13 in very good agreement with eq.(I).
Negleoting the small nonorthogonality of the guark wave funoti-
ons corresponding to the angles (I), and assuming that the only
agurse of the QLR=breaking is, at high energies, in 7-7’ mixing
one eaally finds that

K= cas?(0,-0)/5in*(8,-8;) , 6, = arcig 7' = 353°,

For the angles (I) this gives K=,50 , in exoellent agreement
with the experimental result. This value of K also agrees well
with other, less precise experiments performed at lower energles
( see, e.g., /3/), and definitely oontrediots Op=-10° , In fmot,
assuming Og = e,’,-b, one obtalnes from eq, (2} that /2/



3:,:;, =2568%.09, 9a%=.70%.05.

In ref. /7/a mechaniem glving sn enhancement of Jawmy relative
to gflll' has been proposed. Due to the smallness of the
pion mass the prooess w —>(prA+) —>(PEXATIY — °r,
vhare(?‘-"n")are virtual particles, oontributes to Jeuwy , and
there 13 no similayr prooess for P—» WY¥ . ( Suoh a mechanism
also contributes to Ky->K®Y¥ and Ky—>K~¥ , dut the effeut
18 probably oompensated by some SU: violation ). Making in the
corresponding Feymnmen diagram a out—off on the virtual pion mo~
mentum, [Px|{ €A, A~Mp ( the dependence on the out-off parame~
ter A 1s praotically negligidle for .56« <A< |Ge¥), we obtain
the enhanoement factor (1.15 1,05) . With this correction,

Gury =39 +2& = Gugy /(115%.05),

and this value of Jewmy 1s used in our fits. The input data
for the fits are the items I) — II) 1in the Tahle; for [y’ we
&ssume ITI.’ =(290+70)kev/ 4/, t1e ?' branohing ratios are
taken from 206 /1%, With ©p =B, =0}, 0¢=1" the best Fit is

39 =2015, £=.0%4 , &§=.153. *

The oorresponding widths are glven in the second ocolumn, for
them X%8= 4,35 . Omitting the widths of KJ*K°Y, w->n¥
we have X%6 = ,65 , The agreement is very good indeed but the
experimentsl widths [(KJ~»K°),[(wW->7¥) are to be suspeoted;
nota that they are based on rather a poor statlstlcs, especlally
Tv = ¥ . With Bp=6. =8P B, =5° the best it 1s
3g =1922, E=-016, §=.061; O)

in this omse %%/83 4 , and 4n poor agreemsnt are the most
oreditle data (« >NV, PPy, p»ny, 7wy vhav /' PY).
Taking into acocunt Su; violation does not improve signifioantly
this fit, and so the angle 6Bp= 9;'= 85P>-10° 1s 1n contra-
dioction with the Gata on P and V redlative deoays as well
as with eq. (2).

Using the parameters obtained above, we oau prediot [(Psyy)
in the veotor dominance model ( VDM ) with SU; ( now we know
that SUyf violation effeots are of mo importance in radiative
deonys ). The VIM for P-»7Y¢ 1s in good agreement with the
current algebra results. In faot, comparing [(T-+r¥) and F(7'»¥y)



B =~ (18.2%1.4)°.

As has been pointed out in raf./ 3 s the experimental widths
of radiative deocays of light mesons (V»Pa’. P-,Vx, P -~ pseudosoa~
lar and V - vector particles ) contradiot equation (I). How—
ever the more detalled dlsouasion has not been published, for
the lack of data on I_., s whioh are extremely important in this
context, Now the new data on [y /4/ as well as on [(P>TY)
and [ (K,~K r) are avallable ( see the Table ), thus allo-
wing an unambiguous determination of the mixing angles from the
data on radiative deoays. In addition, the SU; and QLR breaking
in the matrix elements of these deoays can be detected. Here we
present only highlights of the analysis; a more complete version
will be published elsewhere,

Neglecting SU_-: vliolatlon in the matrixz clements, we ocan ex—
press t:e radiative widths in terms of ihe octet. éurrents J;,
1=1,...,

Vel VPO = gdije, <Vl 1P =@+Oda; , Vil J; IP.7=(3+5)J,,.J_(3)

Here d.‘-j=\[27-3 S:_,- 3 the obvious dependence on polarizatlons and
momenta as wall as normalizatlon factors are suppresed. The
exaot QLR requires €=§ = ( . Using the data in the Table
one oan determine both the mixing angles and the parameters ¢
& and § . For simplicity here we present only the fits for
the parameters with fixed mixing angles BOp= Op=B08=-2(45-6 6.)
and 9‘“—-(‘15'9.) s which are approximately squal to SI) and
to —{0° resapectively. In stendard nitation ( see ,e.g.

9= 9rvs =-F8rerer = Iy, Juus=3gH2e, 9wa’39*? i2e,
where t,=t)B, , and Be=(6v~Bo) 1s the strange/nonstrange
quark mixing angle in the W and § mesons, In standard pheno-
menology ( related to the so-called "quadratio mass formulae" )
Oy=(5%:1)° /3/, in our phenomenology B 1° /1/ ( 1n the
above exprassions for Jumy and Jewy the asuallness of Oy
and € 1s used ), The smallness of [(P>T¥) ( Feny=( 138
£ 025 )Gev/c ) restriots the value of £ to £<O for B¢=5°
and to £<,4 for Op=14°. This gives rise to a well known dis-
orepansy between Jamwy and Gpwy , Wwhich oannot be attrivu-
ted to SUF and QIR viclations:



Quantity

n I'(p->7w¥)
2) Fw—~»1¥)
DI (¢-~>7¥)
) T{Kky »KY)
5) (kS »K° )
B (p->1Y)
D (w1
8) (¢ —» 9¥)
9) T(n'-» ¥
10) [(w +@¥)

1 riy'» pY
r(r?'—wa)

12) r(p->p'y)
13) [(r>¥v)-(0°
1) C(p»r¥¥)
15) (' +Y¥)
16) Fp>¥¥)
(n>1'7¥)

Table.

Experim.

63x7 7%/
ss9x 62 /10/
5.0+2,1 10/
40x15 7%/
75435 /10/

5614 710/
783 oo
6x 9 710/
86+ 22 /1024/

6,1t 1,9 1004/
14,24 2,8 10/
7.95% .55 /30/

323+ ,046 /107
5,8+ 1,8 /1004/

7.75% .30 /107

Fit (4)

58

825

33

130

«86
7.2t.8
.72 X,08
o329

7.3%1,2

Fit (5)

53
629
6.5
20

120
33

245
28

77
10

747

.47
6,61 .8
o341 .04
6.5%,8

5.6%,9

with those in ourrent algebra /8/ or in chiral models 79/ s One
eesily finds the relations

9/% =(4g2Fe) ', FolFy =1+ 8/9 5 Fn =.095¢ev. (6)
Equations (4) and (6) give ¥, /4n¥ . 505,
agreement with Y} /47=.51% 06 obtained from [(psete”) ( aes,
e gs, /10/ )« The last value for ¥ /47 1s used for predicting

which 18 1n good



the items I3) = 16) in the Table, A dispersion in these predio-
tions is related to the dlspersion in XP ¢ In oaloulating the
ratio 16) the relation §pry=2%, 1s used,

The width r',,,.(7—ﬂr) agrees well with 9,.=6,,-=e,,
disagrees with pp=6/ =0f . Howsver, all the other data require
9,,2'9 = 9(" y and a new measurement nf this important quan
tity would be extremely desirable, Note that our prediction
y»>rry =, 65+ .35 rev 15 olose to the average of two existing
measurements { see, esgey /10/ ). Some 5(13 violatlon oan make
f'(-]'—»fx) somewhat lower, but the prediotion for T’(7—’ﬂl’)
oannot be changed significantly., The dlsorepanay between eqes (I)
and the SUZ relation for the deoays P-»YY was first mentloned
in ref, /II/; however, only the oomplete analysis of all the data
on radiative decays of light mesons makes 1t possible to find the
most protable sourse of this discrepancy,too low experimental
value of r‘7 s aa given in ref,

Our conolusions are as follows, In the matrix elements of P
and V'  radiative deoays the QLR is violated ( )y and
there 1s no slgnifioant SUF breaking., The VIM nnd the current
algobra relations are fulfilled. The widths of the decays are in
good agreesment with the mixing angles (I) and definitely disagres
with the standard angle Op=-10°, New measurements of [(7->¥¥)
as well as of [(KJ»K¥) and I'(w-»7Y) are neoessary, and detec-
ting of l?—'vl?'r deoay 1s highly desirable.

For discussions and remarks the author 1s thankful to A,Bohm,
SeBsGerasimov, V.M.Budnev, M.K.Volkov, AsBsGovorkovyand VeN.Gri-
bov.
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