


1. Introductlon

Here we present the results of our renewed analysis off

'the processes
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with taking into account ‘new data ‘/1 2/ as well as the
¥ AR

e previous ones (3/ concerning the decay

LT

We consider these processes “in the framework of -the
vector—dominance-model (VDM) - in: the same . manner as ‘it has";:
been done in the previous paper /4/. However. now we ratherdv
veryfy absence of any contradictions between resonances pre—‘lﬂ!

dicted by ‘our ‘model (see, Part I of thls work) and experx—

‘mental .data ‘than determine phenomenologxcal resonances from

-the data.

: ‘In-Section 2 we consider the experimental manifestatxon'f
of : the ‘predicted p/w—resonances in the‘indicated processes

;and obtain thelr parameters.a

In Sectxon 3 .we: try to estimate leptonic widths of thesef'
resonances 1n order to compare the1r experlmental propertxesﬂ‘

with their theoretical interpretation.

In Conclusion we discuss an ,intended‘ deviation ~off‘
experimental data from the theoretically predicted lowest ex—- s

cxtations of p—' w-, ‘and K* -vector mesons.'»

2. The experimental manifestation of the predicted d’
p/u-resonances : : :

/1 2/

, New‘experimental data

and (2) differ very much from the. previous ones and new
analysis of these processes seems to be.essential. o

'kTherprocesses (1) and (3) are defined in the tramework‘
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concerning to processes (1)
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strong ‘and electromagnet1c~ coup11ng constants B(V ) ~;:~

/w-, and ¢—mesons and the1r parameters presented in’' paper
Sine consequence of changes and more prec1s1on of exper1menta1’
;data /5/ : i P ¢ N Pl . : : B ;

ey e e

[except~for the parameter. B
»ythe exper1menta1 ‘data’ w1th a little blgger value of thls’
parameter - than ‘presented  in: Table '1.o Th1s point can be;
‘hconnected with our: approx1mat1on of neglect1ng the dependence,

. reference of

of VDM—model by the contrlbutlons of - p-resonances. The spec;f
tra1 functlon measured in “the t—decay (3) can be connected'
d1rect1y with the cross sect1on of the process (1)/3/, what

" we sha11 do. The process (2) is def1ned by w—resonances but

we take into account the contribution of ¢-meson and. 1ts,
1nterference with other resonances.too *). .

A contribution of each resonance "1-pr1me“ to the cross
sectlon of these processes is determlned by three parameterS'
1ts mass m(v'), its total width F(V ), -and the ratio of. its:

1

= g(V Vn)/g(V ) (V= p?, w-meson dependlng on whether V' is

‘w'- or P —exc1tat10n). The connection of - the latter constants

w1th ‘the.- correspondlngf decay widths are w;presented in

paper.: 14/ .+For. P w—,.‘andf‘¢—mesons their parameters are

shown in Table 1. R o il Dy :
There is some d1fference between these parameters of p—

Remark, the constant pwn

fflrstly, from the value of the decay w1dth F(w e pn an’ n n )—.

7T.4910.10  MeV /5/ -we “have" gp 15, 5310 10 GeV ‘and’
‘secondly;~from wthe~fU(o)w—relatlon gpwn gpnn/ p ','—andi
from r‘(p=m*n )= r'p" we have g’; £6.00+0.06 and Youn: '=15.60t
+0.16 'GeV™'. We see," both ways: give® the same value of gpwn

In our calculatlons, as values of the parameters of p—5“
w;;, and ‘¢-mesons we take magnltudes presented 1n Table 1
. We obtain the best fitting of

of ' the resonance w1dth ‘on energy -far - from the resonance“

position.

~In thlS connect1on I am compeled to 1nd1cate that the con—h

: tr1but1on of ¢—meson in thls process was: 1nc1uded in the pre-

vious paper /4/‘ as* opposed to aff1rmat1on in the- second_
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can be def1ned 1n two ways“,~1h



Parameters of p-,

~

w-, and ¢-vector mesons

Table 1

: C total + - . _
Meson VvV mv r” F(V#e e‘) g;V"T g;’ B,
MeV MeV keV Gev~ gev™?!
. p(T70) 768.3  14%.1  6.77 15.5 5.03 3.09
, ~$0.5 $2.9  10.32 $0.1 $0.12 $0.08
w(782) ‘k782 0 8.43 0.60 15.5 17.05 - 0.91
, $0.1  0.10  %0.02 0.1 10.28 $0.02
@(1020) 1019. 41 4.41 1.37 0.79 -12.88 -0.060
: $0.01 0.07  %0.05 $0.02 $0.24 - $0.002

Bisides radial excitations of p- and w-mesons we include

in our fitting their.aDl—wave orbital excitations too.
do. not calculate these states within our model,
can only estimate positions of these.

the position of,lDl—states indicated in Table 2 of Part I of

_this work also ‘taking into account the results of'calcula—f

/7/ of - D states.
1ns1de the mass 1nterva1 1600 1700 MeV and the1r first radial
excitations 2 D ~lain inside the mass interval 2000-2150 MeV.

tions.

The - set’ of all states. and the correspondlng resonances.

1nvolved ‘into : our fitting ‘are- indicated in the: flrst and

‘second columns of Table 2 respect1ve1y We have not flxedf
masses . of resonances at our f1tt1ng but ‘we perm1tted them,
dev1ate by +100. .MeV _around their pos1t1on predlcted by our: -

model.

- The best f1tt1ng of the cross sections of. processes (1)
(w1th taklng into account data: on the process . (3)): and . (2):
was obtalned under - values of. :resonance parameters 1ndicated g

in three consecutlve columns.gg BRI U

-~ In the s1xth column .of: Table, 2 ‘we., show values of the;
' strong coupl1ng constants g (V vm). evaluated from. the totalf
resonance ‘width under an assumpt1on that thlS cnannel is thefwr

"only Real constants are defined by

-g(v Vn) =g (v Vn)xBR"Z(v sVn)

'But'we*>
‘and’ thus:we '
states by analogy with" -

‘We propose these 1 D —states la1n‘

e (4)5"

‘Table. 2

B The parameters of resonances under the best fitting of the

¥ e

i . ever,

cross sections of processes (1) and (2)

3

~ Bt den g o : I T L T
State Resonance m(¥') (V') B(V'), g°(v'vm) BR(p =um)
n??f?LJ ! MeV ' - MeV Gevj;' Gev'!- ,BR(w'spn)
s p 768.3 149:.1 3.30  15.5 L
R S " 10.5 $2.9. $0.10 0.1 -
w .. -782.0 . 8,43 0,911 - 15.5 - e
L $0.1, $0.10 10,020  #0.1
¢ . 1019.4 = 4.41 -0.061 = 0.79 -
\ © " #0.07 $0.002  +0.02
2’s, p’ 1450 . 283  -0.148  8.81 )
: s #5  $0.001 " £0.35 | 4 40:0.06,
W’ 1387 305 -0.028 5.59 | L
i i .~ #11. - $33° $0.001  +0.33 J
1?p - . p’ 1590 - .260 . -0.093 . 6.86 i
: St 57 . #31 $0.001  $1.10 | 4 4430.04
W 1660 159 . -0.018  2.53 o
: +3 +3 £0.001  10.02
3s . prrr 1856 60 -0.015 2.12 )
Sl 164 730,001 #0.02 | g go0 46
: W’ 1950 = 184 . -0.005 1.90:} i
L : $10 .  $36 10.001. = $0.19 !
2’p 3 2000, 50 . 0.031 . 1.97) TR
. g xeo o # 20.001 £0.03 | 4 5230.02 .
o w 2175 165 -0.009 1.43 J
o L35 4 10.001 & 0.02
4’s o’ ©2400 245 ' 0.009 - 2.4%
R b #13. . ¥8  $0.001 *0.76 | o 45i0 o0
d 2250 178 . 0.011 . 1.39 :
o 27 17  $0.001  $0.07

‘ones. ..

'vcorrespond to ¥ -change of 1.

(n,~29-15). .-

r,‘Remark. for the best fitting x (e e swn)=46.9, x°/n =1.3 (n =
:50-15) ;. x"~ (e e »n nm ) =14.9, % /n =1.0

Errors,~

Underl;ned values are the input .

.

‘gUnfortunately. branching ratios’

5

BR(Y »Vﬂ)

are unknown -and-
~,they enter into our calculations as unknoun parameters. How-

we can propose the equality of the corresponding



decay channels
example, there is no decay of;w{ which is analogous to plze ;

SN O . o
constants of p - and w -resonances

‘d(pfpn)vi

‘Then, ' we can estimate the quotient of the ‘branching ratios

' BR(p'+um) /BR(w'4pm) = [0°(0'pm)/g®(p'um)1®  (6)

wh1ch is g1ven in the 1ast column of Tab1e 2. It is interest—'r
~ ing that thlS quotlent is‘less than un1ty for all resonances;

'So this is an ev1dence that p -resonances have more . open
than “the correspondlng W —resonances' (For

p'p7). o
Experimental
1nd1cated in F1g 1. The behav1our of the cross sectlons of

p01nts for - processes

these processes pred1cted by the VDH—model with the resonance‘:

same

shown. on. “the flgure.

parameters
Ent1re1y,'
predictions and exper1menta1 data.

,only flrst “two ‘resonances
cons1dered ;as'

from Table 2 is
there ‘are 'no“’any contrad1ct1ons
However,
p"/w"(1600)
conf1rm1ng the prev1ous hypothes1s of the1r ex1stence
(see,»also, rev1ew /5 / )
values of. the parameters B(V'Y
compa1red to the1r values’ 1nd1cated in paper /4/. These para—,
B(p’ ) and B(p") (and B(w') and B(w") respect1ve1y)

established’
/4 6 7/

could be we11

~meters

not1ceab1y decrease 1n the1r absolute .values and have a

Thus; their

‘common - sign - (opp051te to’ ‘the sign of B (B I).
1nterference becomes constructlve and 1eads to that the d1p
in the cross sectlon of the process e'e en n “n° at
becomes more smooth wh11e:i

'sectlon of .the, process;:.

,contrast with the pred1ctlon
Concern1ng higher_ p"’(w"')- 4P'?(w'?)fn

nances we can only conclude that their ‘existence is not‘in7,
the 1atter1;

,contradlctlon W1th the ava11ab1e data. However,

_are not suff1c1ent for the f1rm~ev1dence of the ex1stence of b

glw'pm). i :l(S)Uf

(1) and (2) ,afé”

between . our -
p’/w’ (1400) and.

{ But even for these resonances the"
are essent1a11y changed as‘

1.5 GeVLg
an analogous d1p 1n the crossihef'
does ' not appear at a11 1n1f

p’(«e )-reso- |,

v

,Ae’e'ewno(up);‘and;ue’e7:hfﬂ'n (down).

"all, resonances
‘%nclude’p/w(lzoq) too.
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'Fig. 1. The total cross section of the processes:
iy, Exper1menta1 data:
N V. VA Y

point-dotted curves ‘show ‘the contrlbutlon p(770)

. Theoretical pred1ct1ons.’

exc1ud1ng p/w(1200), “dotted curves

(up)' "™
“‘and w(782)+¢(1020) (down) on1y, SOlld curves accomodate



i ‘these:higher\resohances'and. wﬁat‘is more, for the determinaj
~tion of their parameters. Most probably, the lack of data 1s,~

a reason for small widths of p’’’- and p’ -nesonances.'

Now we pay attention to some fine substructure in the
behaviour of the crossAsection of the process e'e sun® at
1.2 GeV. There is some sharp dip with the subsequent rapid

‘rising at this energy. It is essential that quite different

/1,3/

‘experiments

COuld be a manifestation of accidental errors. Nevertheless,

ve con31der a pos31b111ty of the existence of a superfluous

narrow resonance at this energy. Then, the best f1tting of

'the cross sectlons of the processes (1) and (2) glves the
parameters of this and other resonances indicated in Table 3.

The correspondlng predlctlons of the behav1ours of cross sec—’

tlons of these processes with superfluous p/w(1200)-

o aresonances 1nc1uded are shown in Fig. 1.

3. The leptonic widths and interpretation of resonances

Now we turn to the interpretation of all proposed reso-
nances. For that it is essential to estimate their 1leptonic

widths defined,within‘qa—model by the formula
(vise'e™)

" where ax1/137. Leptonic constant g(V') can be estimated from
the values of B(Vl)_and strong decay parameters
172

cgvly = g°v! V) xBR

‘and for the leptonic width we can write

T(V'ee'e') = F°(V'¢e'e')/BR(V'4Vn). T (9)
Remark, the relation of the leptonic w1dths as we11 as the
leptonic constants of p and w' does not depend on unknown

branchlng ratlos of strong decay. thus
F(p se'e )/F(w se'e’) = [m(p’ )/m(w )]X[g(w )/Q(Pl)]2 =

[m(p ) /m(w' )]x{B(p )/B(w')1?
8

S

indicate this behaviour. Of course, this

R R 2 L |

= [2m(v')/31x[4n/g° (V') 1, o

(v'svm)/B(VY), " (8)

[

(10)

g m—

B o

50— 18), x (e e =sn'n ) 19.0, x /n =1.7 (n =29-18).

i o S ol Sy i e L e

: R R ‘Table 3
The - parameters of resonances withxn the scheme with the_
superfluous p/w(lzoo)-resonance

v . , , —— ‘
State Resonance m(v') .F(V') B(v') go(Van) BR(p" swm)
» nzs'iL v MeV MeV Gev'' GevV™'' BR(w'spm).’

J

Parameters of p-, w-, and ¢-resonances ‘are the same as in

Table 2
" Super- o 1208 40  0.018  6.46 )
fé:ou:n i £2 . #10 $0.012  £0.81 | 4 g4.0 g5
resonmance 1189 296 0.003  9.09 |
o o t1 +63  10.014  0.96
2%s o’ 1496 333 -0.186  9.13 | o
. ,’ 4 #24 £0.003  30.33 | o caug g
o © 1400 572 -0.047  T.46 |
~ o . 45 +40  $0.001  +0.26
4’ . pr 1575 289 -0.049  T7.41) - .
T xa #3100 20,004 20.41 | g 4440 0p
w'? 1662 147  -0.015  2.43 '
o $10 - $16 ~ $0.002  $0.13
3’s, p'’’ 1859 50  -0.010 2.08 W
: : %4 429 20.001  £0.60 | 4 54,0 o5 -
W'’ 1900 240 -0.003 . 2.29
+8 +50 $0.001  $0.23 |
2°p, pr? 1992 45  0.008 - 1.70 W_ o
o ] 16 $12 20,001  20.22 | o', L. ¢
w’ 1964 773 0.002 = 3.85
) +39 $570  10.001  1.42 /
; 43sl - 2029 509 -0.010 . 5.52 )
KONE 318 77 £0.004  #1.38 | o oo.0 00
o’ 2397 83 -0.002  0.86
: +49 +72  +0.001

10.37 J

Remark: for the best flttlng x (e e swn)=39. 1, x /n =1.2 (n =
Errors

correspond to x —change of 1.




- -The value of

',As we obtain from valueS'of the resonance parameters
.presented. in .Tables 2 and 3,
the expected quark ratio .3. Thus,

‘t1ons only for’ p -resonances.

We take acount ‘of unknown ratios of strong decay modesg
in the following’ way We rewrite these ratios in the form of'

‘ igentity

'BR(d‘*“h)‘= [BR(P'%UH)/BR(wlepn)]XBR(w'epn). ;(li)

;Then,

-Table 3 is more than un1ty, then we take it equal to un1ty)

' For the second factor ‘we. choose,

‘to be equal to 1/2, which corresponds to roughly equal proba—w
and<'5n—decay modes “of the w' —resonances o

- bilities of- 3n=
Est1mat1ons of lepton1c widths of p —resonances obtained  in
.such manner for both schemes w1th and w1thout the superfluous
p(1200)—resonance are presented in: Table 4,

’ Now,
.model. we .can ‘estimate - values of the wave functions of rela—

by means

tive quark—ant1quark mot1on~

formula*)

"at zero"

Iw(p )(o>| 3’2(p )/[¢1g(p )1

Est1mat1ons for these values are presented in Table 4 too, -
up(o) 1s calculated from the data presented in f

Table-1.- It 1s necessary to emphas1ze that ‘a. value of the
wave funct1on "at zero" for p—meson thus calculated is. requal
“.to only one—half .of _the_ theoretical . predlctlon evaluated, in

'the framework of our nonrelativistic potent1al model’.

‘of absolute values of the resonance.parameters. i [nidu.oo i

*)‘Remark. the colour factor 1/v3 was omitted in the corres-—

‘pond1ng.formula (16) in paper 74/ of course, it does not in-"-.
fluence the rat1os of the wave funct1ons and hence the final:

RS results.

10

ratios g(p )/g(w ).are close to-
below we make our est1ma—V

we subst1tute values from Tablés 2 and 3 in place ofv‘
the f1rst factor (If a certa1n value of this factor from;

more. or less arb1trar1ly, 1t o

1nterpret1ng resonances on the basis of the qq—»g

of the

iz

So’this: -

indicates -the 1limiting. usagerof ‘our- theoretical. predictions =

mo

H'L =

.

Table 4

ation of leptonic widths of p-resonances v

- ResOnance/.: Est1mat10n of * lepton1c IWave'functionl"at‘zero",
: e width a4t . R x,= :
I g°, BR(p'sum)il(p'se’e): 1y, (0)]: Iy, (0)/w 1
P ) t Ay372: a)
. . keV keV . GeVv .~Exp. .Theor.
p(770) 5.03 . 1 . 6.77  0.0547 1 1
v 10.12 $0.32 +0.0016
The scheme‘w1thout "superfluous" resonance_ ,'
_p’ (1450) -67  0.20 " 0.36 . 0.024 0.43 0.79
L 49 20003 +0.08 $0.003  10.06 ' +0.02
p'’-(1600) =74 ~ 0.07 °~ ~ 0.94 0.042 0.76 0. 407
.. 13 $0.02 - $+0.31  $0.013  #0.24 . ~°r V¢
p’’’(1862) -163 . 0.40 0.040 - 0.010 0.19 0.72
.- . 113 10.01 $+0.005  $0.001  $0.02 ~ F0.01
¥.(1990) - 197  .0.26 0.042 0.011 0.21 - .0.307
A . #20 " 10.01 $0.008  $0.001  £0.02
e’ (2400)‘ 270° - 0.16 ©~ '0.044 ' 0.014  0.26  0.70
: .7 $150. $0.10* . $0.046 . +0.010  £0.18  30.03
The scheme w1th "superfluous"’resonance~a ‘ :
(1208)' 360 © 1.00  ° 0.002 O, 002 °  0.03 2
: ©-4240 ©.$0.32 ' 30.002 - $0.001  $0.02 ;7
p'lf(1496)“‘—49 ©'0.33%: ' '0.42 - 0.027 0.48° “0.79 -
.. .2 10.04 ‘40.06,  +0.002 . $0.04 -
p’’ (1575) -150 . . 0.06. .  0.25. - . 0.022 ,-0340,}.~0.407;
S #15 30,01 ¢ #0.07 /10 003 £0.06 o
p’'*’(1859) '—210 . '0.60 7 0.17 = '0.007 0.12 0. 72'
St 0465 00 10.40° . $0.02 - #0003 - +0.06 ., ¥0.01 -
Y (1992) 212 ~1 0.010 0.005 0.10 *.0.307 .-
R +38 . $0.003  $0.001  $0.02
¥ ' (2029) -550 0.01 .. 0.20 0.021 0.38  0.70
: 260 10.01 ©$0.22  10.015  $0.27 ¥0.03

. Up and down s1gns of dev1atlons correspond to "weak"‘andryu
f"strong" sp1n—sp1n coup11ng scheme respect1vely. :

-In Table 4

rat1os

&

,,‘;‘ x(p )

are exponded too.

lw(P )(0)/W(P)(0)|

._-/.

o

(13)

In the last column of Table 4:.we present;;?

llwk

N

0,02 ..




ratios (15)‘ca1cu1ated within our potential model. Accordlng

to a nonrelativistic approximation values- of  the wave funcf s
Vt1ons ‘of orbital- exc1tat1ons‘“at zero" van1sh..However, theyf
become different from zero ow1ng to the relativistic smearing -

and amount to nearly one-half of the values for neighbouring

radial excitations /7'8/; These theoretical estimations are

indicated in Table 4 by the quest1on—mark e

‘ Tak1ng into account considerable uncertaint1es of oura
determination of values ‘of the resonance parameters, part1—f
' cularly, leptonic w1dths, we can state a satlsfactory agree—f
ment’ between "exper1menta1" est1mat1ons and theoret1ca1 pre-f =
d1ct1ons for the behav1our of ‘the wave funct1ons 1nd1cated 1nﬂﬁ,

'jTable ‘4 resonance states "at zero". There is a marked differ-

ence for the higher = "‘(1859)—resonance 1nterpreted Cas'ti
:second rad1a1 exc1tat1on,of p-meson. However, as we have men—'u.f
,tloned. above, the est1mat10n ‘of. ' the parameters of hlgher:
resonances 1s more difficult and unreliable. It is necessary,‘
"to remark also that we neglect: the mixture’ of.states with thef'"

same quantum numbers owing to the unltary diagrams.

Concerning the hypotet1ca1 narrow p(1200)-resonance;‘wefif ;
can say that it has a very small value of wave function "at - -
‘fzero" and doesn’ t look 11ke the‘"standard" qq%resonance. Theh'
;;mass of this resonance corresponds to the-mass of the strangec,

. K® (1410)-resonance d1scussed in the Part I of this work.
Thus, if the existence of both ‘these resonances will be con- ..
- firmed, ‘then it Hlll denand prosecution of uncommon states.H

say hybr1ds.‘

Al COnclusion

x

The analys1s of experimental data rolated to p"ocesses“
'(1) -(3) indicates , the sat1sfactory description of these v
_ processes by‘1ntermedlate‘p /o' —resonances corresponding to

 the evaluated radial and orbital excitations of p/w-meson.

Paricularly. it confirms the existence of p’/w’(1400). and

p'’ /v’ * (1600) resonances ‘which were found earlier /4. sl(see

“‘also review /5/).

s are': changed due to more precise measurements.

12 .

'fprocesses (1)-(3).

*)~

However, the parameters of these resonances ;

‘A rough estimation of a value'of(the'waveifunction of -
q&~system "at zero" for the p’/w’(1400)-resonance confirms
the correspondence of this resonance.  to the first radial’
excition of p/w—meson/ /. For the p"/w"(1600)—resonance the
analogous estimation indicates some difficulty in the 1nter-
pretat1on ‘of this resonance as a D—wave orbital exc1tatlon of

p/w-meson. However, at present time we can hardly _say- about
theydiscrepancy of that: 1nterpretat1on due to the ex1stence
of considerable uncertainties 1n the’ determ1nat1on of the
value of the wave function' of th1s resonance "“at zero".

Concern1ng ‘higher-lying - pred1cted ' resonances

"’/w"’(1870), p’ "/w'"(zooo) and p /w (2230), -we can only
say that the assumpt1on of -their existence is not ‘in: contr-

-adicion with experimental data,

Lastly, it is possible that some fine subsrtucture in

-the behaviour of the cross section of process (1) at .1200
MeV 1s connected with the ex1stence of a narrow and. sllghtly

produced in this- process p/w(1200) resonance.,The presence of

“this resonance is in accordance with the observation of the-

*)

"K*(1410)—strange resonance ‘. Both. these resonances are‘not
'~ accomodated within the gg-model and should summon new, say,
'fhybr1d interpretation.

In conclusion, we would like to say that, there is urgent

necess1ty for more . re11ab1e conf1rmatlon of the ex1stence of
‘“these superfluous resonances by more prec1se measurements of

.

I would l1like to thank S. B. »Gerasimov, V. A Heshcherya—

) _kov and M. K. Volkov for numerous discussions.

After this  paper was completed I was informed about

paper /9/ where a p-resonance with mass 1266114 MeV and width

166135 MeV was observed in the n'n =system produced in‘the'

reaction K'pen’n'A at 11 GeV with LASS spectrometer at SLAC.

The “existence of this resonance .is discussed also in the
paper /10/ ‘ '
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