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3acnaBCKIIll.. A.H., Tbi6op B. 
E-'7 -cMeWIIBaHIIe 11 panllaUIIOHHhie pacnanhi Me30HOB 

' 06cylKAa!OTC51 cnencTBII51 E - '7 -cM.ewiiBaHII51 B npennonolKeHI!II, 'ITO ne- I 

B51TOe MeCTO B nceB]:lOCKan51pHOM HOHeTe 3aHI!MaeT E ( 1420) -Me30H •. npiiBO-
]:leHhl 3Ha'!eHI!51 w11p11H pacnana E-+2y , E -op y , E .. wy 11 APo'.,Bhi'!I!CneHHhie B 
pa3nii'!Hh!X MO]:l0fl51X. Hall6onee- 'l!penno'!TiiTOflbHOe·: 3Ha'!e!ll!e r(E -o2y).:. 
(200·..; ·soo) KSB oKa3hiBaeTc51 rioBonhHO 6onhwiiM, a w11pana pacnana E .. p y Ob 

· ":. 10 Msa. 06aapylKeHue pacnana E -o2y OKOH'!aTenhHO noKa3ano 6hi nceBno
CKangpaocTh E -Me3ona, a 11ccnenoi>anae w11p11H pan11auao11HhiX pacnanoa 

·E -Me3olla noMorno 6hi B Bhi6ope npaaanh!IOll. Moneml.. . 

npenpHHT 06beAKueHHoro HHCTHTYTa XAepHHX HCCAeAOBaHHI. 
,lbr6Ha, 1970 

'l'ybor W., Zaslavsky A.N. 
E2-4976 

E - '7 Mixing and Some Radiative Decay Processes 

The ·consequences of E.:. '7 mixing under the assumption that 
the E ( 1420) meson takes the ninth place in a pseudoscalar no
net are discussed. The width values of E _, 2 y , E _, p y , E _, w:y, 
etc. found in various models are presented. A value r ( E .. 2 y ) ~ 
" (200 ,. 300) KeV .turns out to be rather large, the decay widtn 

l' 

E ... py being -· 10 MeV. The determination of the decay E _, 2Y 
would prove the pseudoscalarity of the E -meson, the investiga
tion of the E -meson radiative decay ~idth_ would help .to select 

I 
\ 

I 

reasonable models. 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1970 
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1. At present there:are two main candidates for the ninth. 

. . 0 
pseudoscalar meson: X (960) and E(l420) mesons. 

0 . 
In the literature, especially in theoretical papers the X (96or: 

. meson is taken as the .ninth pseudo.scalar one. As is seen now, 

this tendency may be irregular, since the conclusi9n about· the.· . ' ., 
pseudoscalarity X 0 (960) in pr:evious papers was not final. • The · 

spin-parity 2- for the X 0 -meson is possible as well as the 

spin-parity 0 /
1

,
2

/ Available experimental data do not exclude 

it. 

Let us consider the properties of the, E(l420) .meson under 

the condition that this meson is just· the ?th pseudoscalar· one; 

.. 

I, 

The effects connected with· X 
0 
.... TJ . mixing were considered · . 

in detail in a current algebra/3 ,4/, in vario~s models/5 ,6/ by many . '• 

authors beginning fro111 Dalitz and Sutherland/?/ 

,The. consequences ofE-~ 

E->2y E->py ,· E ->c.iy 

mixing for _th~. radiative decays 

, etc. obtain~d hy 'the method of 

ref/
7 

/ are discussed in· this paper. 

?-'he mass. forr:n~as (presented in detail in/
8

/) whic,h unambi-

guously select ·the particle with a mass of . "" 1.4 GeV as .. 

the ninth pseudoscalar meson are considered in § 2. 

3 
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,·E - 1J mixing for decays amplitudes is considered in § 3. 

The probabilities of the radiative decays E (1420) -+ 2 y . · , E -+ p y , 

E -+w y , etc. obtained in various models are given here in. ·The 

result of our calculations, as in. the case of X
0

- 1J mixing, depend 

on the models. The most preferable yalue r ( E -+ 2 y) - (200 .,. ·· 

·-. '300) KeV is rather great, and owing to a large phase volume 

the decay width E ... py is equal to "'10 MeV according to our 

estimations. These conditions favour _the experimental investiga- · 

tions of· the radiative decays of the E(l420) meson. 

The searches for the radiati~ decays are of great impor-: · 

tance .since the determination of the decay E .. ·yy would defini

tely p~ove the. pseudoscalarity of the .E(l420) .. meson and. woUld. 
. . ' . '. ., + 

completely exclude another possible value of the spin-parity. =!- • 

2 •. Under general assumptions on the type of Si.Jw (6) . sym~et-· 

ry breaki~g the f!'lass formula 

. (1). 
r",'!'. 

was · obtaines in ref/8/, i.e. the sum of the nonstrange meson . ' 
squared masses in pseudoscalar and vector nonets is identical~ 

;The formula (1) unambiguously selects the E(l420) meson 
0 . • • . ' 

(not the X ..:.meson) as the ninth pseudoscalar·.one. ·As far as 

. in this case, as mentioned above 'in § 1 there is · no experimen-

. :'tal . proof of the pseudoscalarity of th~ . X0 
(%0) ', '~1• 2/, let .. us. corisi-. 

der the E(I420) meson as the 9th member of a::. pseudoscalar ·nonet 

with E..:. 71 mixing angle; equal to :"-6.5°. Under;this• condition• we 

now discuss the ·radiative decays· of the ., '·.· E -meson. 

3. Taking into account SU (3) with octet breaking the 

mat~ix' eie~enb; · of· the radiative de~~y. ~f TT 
0 

, 7J . • and E(l420) 
, 

mesons are Written as follows: 
.. ·~' 

. , •;·, · .. 
,,,. 

4 
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T ( E .... 2 y ) = M cos (} . + M (I + {3 ) sin e 
I , p 8 . p 

T( 7J->2 'Y)=-M1sinOP +M
8 

(l+fJ)cos (}P 

T (~ 0 ~2y)=v'3M 
8 

(2) 

where M ~nd M 1 are octet· and singlet amplitudes; {3 

the SU(3); breaking contribution, (} · · = -6.5°. As is easily seen, 
p 

there is no relation between matrix elements T ( 11° ), T ( 77 ) and T(E) 

since the number of independent" amplitudes is equal to three. 

In order to restrict the number of amplitudes, different assumptions 

ar~ made, and. the results of the calculation depend strongly on 

them. Fer example,· under different assumptions/3- 5 / for r (X 0 .... 2y) 

the values, varying in a wide range of (1-50) KeV have been 

obtained. A simiiar unambiguity of the. result and its dependence 

on the model obviously remain under the assu!T!ption of E- 77 

mixing. 

a) In the framework of current algebra and technique. of 

hard pions Riazuddin and Sarker have · obtained the following 

expression for .{3 /3 /: 

.T ( 7J 8 ... 2 y) f m2 2 f 2 - f 2 

-----= l r f3 = ....!!. ~ . .!JL 17 7Js 
T(TTo->2y) . f 2 gw £2 

7Js m" 1T 
8 

where f , f are the decay constants ·of the corresponding 
" T/s· 

particles. The values of the. constants in this formula are not 

well. determined, and the authors use two different values of g • ~ 
' CLl 8 

We follow their choice and obtain for the breaking parameter {3 

depending on gw 
8 

0;57 f3 = I 
0,3 • 

5 
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/1' 
· Using the experimental data I 0 for r(IT •-o2y) and r(7/-o2y) 

we obtain from the formula ~2) 

(155 + 80) ke V • 
(3) r(E-o2y )== I 

( 260 ±. 100 ) ke V • 

Large errors in th«;:! determination of r(E -+2y) results from the· 
' 

errors in the . measurement or' the width of the radiative decays 

of " 0 and 71 -mesons. '· · . . 

Following .Dalitz and Sutherland/
7

/, knowing r ( E -+2 y ) . it is 

.easy to .calculate r (E .... p y) and r ( E ... (L)y ) : 

M
8
(1+,8) 

5 1 + M . tg (} P 
r(E-+2y) am 2mE 2 2mE 3 · 1 'tl· 

= _ _.;E;.,-.- ( ) ( ) ( --------.....:..-) : 

r ( E-+ pY ) 9 ( ~) m !+m ; niJE- m ~ 
411 

: 0,0228 [ 

( 6 , 9 :t. 3 , 5 ) MeV 
T (E ... py) -= I 

( 11,4 t.. 4;4) MeV 

6 

2M (1+,8 ) ' ' ' 
1+. · 

8
M. tg6P 

I . .. 
(4) 

(5) 
. ' 



. ' 

r(E ... Ctl y) 1 m 2 -m2 a 
___ ..;.. = -< ~__;,(jl_ >; r(E ... Ctly) 
r(E ... py) 9 m2-m2 

(0,72 t.0,36)MeV 

= I 
(1,2:!:, 0,45)MeV 

(6) 

E p 

. . . 

TheE- Tf mixing angle, being. equal to -6.5° differs from the 
0. . 

mixing angle .X -Tf •. Due to this fact the ¢ ... TfY and Ctl->TfY de.:-
. . . . . '/3 4 7/ . 
cay :rates are differe~t from those in ' ' calculated under th-e 

as::;umption . of X0 -Tf mixing and are within the limits of experimental 

estimates: 

• (210 ;t20) keV. (3,14 t.0,27)keV 

r < ¢ .. ., r > = 1 r( ()) ... ., r > = 1 
(175 +l5)ke.V. 

., 

(1,90 + 0,16) keV. 
(7) 

The exact SU (3) symmetry taking into account E - .,: · mixing ( {3 .. 0) 

predicts a somewhat greater.value/9
/ of r (E ... 2y) 

r (E->2y) .. (425 + .140) keV. . -
.. 

and, consequently, r ( E ... py) etc. are also shifted: :·· ·' 

r ( E ~-py ) .. (18,5 ;t 6,5 ) MeV 

r(E->Ctly ) .. (1,92_!0,68 )MeV. 

T ( ¢ -> Tf y ) = (120 ± 10) ke V • 

r ( ()) ... ., y ) =(0,42 + 0,04) ke v. - . . 

--- . b) s. Matsuda and s. Oneda have · recently obtained the 

following relations for the amplitudes T( Tf') and T(Tf) in their 

model of SU ( 3) breaking/5/ 

T(Tf ... 2y) 1 ··---T(IT0 ... 2y) v'Fcos (} p 

2 2 m , -m · 
( Tf IT 

2 2 m -m .,, ., 
) j 

7 

T(Tf'->2y) 
0 

T(IT->2y) 

2 . (8) 
2 

1 m -m 
---(..l!... IT ) 

- 2 2 • 
y3sinOP m .-m ., , ., 

·, 
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Assuming that 1J '=t X
0

-(%0) and 

obtained 

() 
p 

-10,5°,' the authors have 

T ( 1J -> 2 y) = .1_ T ( TT 0 -> 2 y ) ( 1, 5 ~ 1, 7 ) 
y3 

In this case r(1J->2y) is larger by a factor of (2.5...;3) than 

the value predicted by exact su ( 3) - i.e. r ( 1J -> 2 y ) "' ( 400 -600) e v . 
This is not far from the experimental va1uef(7J->2y)=(l,OO-i-0,22)keV. 

and this is th~ main result of the work/
5

/. As mentioned : ~ § 1, - , 

our assumption consists in that the E(1420) meson is the , ~inth · 
pseudoscalar one, In this case the formulas (8) g)ve 

T· ( 1J -> 2 y) = l T ( TT 
0 -> 2 ,y ) X (1,16 - 1.18) 

-- ..;3. 

T ( E -> 2 y ) = 0,82 T ( TT 
0 -> 2 y ). 

We _obtain that r( 1J-> 2 y) .. (225 !55) eV. This is. in, a sharp disagree-. 

ment with experiment. Thus, if 1J '=:: E (1420), the model involved 

in/5 / does not improve ·the SU(3} result for r (TJ _, 2y ). -Taking -

into account the violation ( X_ = 0.1~5/) does not change this 

statement. In this case a· small value ofT(E->2y)~(5,2;t 1,1)-ke~:, 
is predicted for the decay width .E ->2y. This value • significan-

·~: ·: 
1 

tly differs from the result given by the formula (3).-

c) In ref./9/ the width ,of the decay E ->2 y is' calculated 

by us in the model of broken SU (6) -symmetry with a special 

·. . ~ 

w - - -
typ~ of breaking. An anomalously great value ( - 1 Mev) for 

r (E ->2y) is obtained, the application of the formula (4) gives 

- 40. MeV for r ( E _. p y ). The vector dominance d~es not -give 

predictions with a high accuracy; nevertheless, .these results, .. turn 

out to be overestimated. 

8 



. 4, We have discussed', some model. for the .calculation of 

E · .... 2y and E .... py under tl~e assumption of E- '1'/ mixing with 

the mixing angle 8 = -6,5°, The width values . obtained in 
p' . . ·. . . ~ . . . . 

various models are presented in .Tabl~. As. is seen, the . results 

strongly. depend ory the model,, The most preferable,, values are. 

r (E .... 2y) -(200- 300)keV and r{E .... py )~lOMeV calculated in the 

Riazuddi~ and Sa.rker's mode/3/ · 

In conclusion . we stress that the exprimental determination 

.of the ·decays E ->2 y · E .... p y and the measurement of their 

widths are an important task, The solution of this problem would 

make clear the matter of E(l420). meson spin-parity, would be 

critical for the considered models and 'would permit to select bet

ween them, 

· The authors are sincerely grateful. to V, I. Ogievetsky for 

raising the 'problem and discussions, B.N. Valuev and S,B, · Gera-

simov for discussion and useful remarks. ., 
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·Table 

... .•. 
'. 

-------- ______________ , _____ .;..._, ________ _ 
·Model · 

Model J 

·. _.(.0,57 
. L o,J 

r("l .. 2y) 

(1.0+0.22) kev 

input 

r(.E .. 2 r> r (E .. pr > 

. -----·---
l (155 + 80) keV 

((260 ~100) . keV 

· J (6,9 :t J,~) M __ ev 

. tcn,4±_ 4,4) Mev 

r(E .. ,.,r > 

{

(0, 72;tO,J6)MeV 

(1,20:t0,45)MeV 

---------------------- --- ---. . 
Exact SU(J) (1. O;tO, 22) keV ( 425 :t 140) keV (18,5 :t6,5) MeV (1,92 ! 0,68) MeV 
wi.th 

. .. • . 9 
:E-"7 mixing 

input 

.......---- ------------- --
·. 5 

. Model ,. W1 th 
(225 :!: 55) eV (5.1 :tJ!.l) k:eV (225 :!: ,50) keV (24 :t 5 ) k:eV 

E-'17 m:f:xing -----------------------------------
Model· 9 ~ 

. (880+ 19oi •eV (940 + J80) keV ... (41 + 16) MeV (4.J + 1. 7) MeV 
.brok~n SUW(6) input · :. • - - ---------------------- --------·---· 

·~ '\-

t:. 

• . 

. , 


