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It is suggested that the peculiar variation in structure 

observed in the Krcre mass enhancement in the region 1.1 to 1.4 

BeV as a furlction of incident momentum could be due primarily 

P to interference between two resonances with the same J values. 

On the basis of the quark model it is appealing to associate 

these with the 3Pl and lpl qq systems, in which JP == 1+ for 

each. It is also suggested that the A
l

(1080) may constitute 

a real resonance, which, however, is obscured at some momenta 

by interference effects in this case with coherent background. 

A very large enhancement in the Krcrc system has been observed in a 

+ -series of experiments both in K p and K p reactions for incident momenta 

6 I 1-12 from 2. to 13 BeV c. This enhancement lies roughly in the mass region 

1.1 to 1.5 GeV. Most experiments agree that the enhancement consists of 

at least two phenomena: 

(a) The K*(1420) i~ the Krcn decay mode. This has been clearly resolved 

from the main enhancement in a number of experiments. 8 ,9 As noted by 

Morrison,13 the cross section for this resonance in the K-p reaction, 

which can be most' readily ascertained from its Kre decay mode, decreases 

with Plab' the incident laboratory momentum as 
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with n =, 2.2 ± 0.2. 

(b) A large enhancement, roughly in the mass region 1.1 to 1.4 BeV, recently 

called the "Q enhancement." The cross section for the Q enhancement doe s not 

vary much with incident momenturn. l4 The structure of the Q enhancement, 

however, has shown distinct, statistically significant differences for various 

incident momenta. It is the latter feature we wish to discuss here. 

Considerations in terms of the quark model 

The quark mOdell5 has been successful in providing a framework for the 

well-known boson octets and singlets (or nonets). We can associate the 

PC -+ ~ 1 
and 2 bosons (namely the 1l, p, and A2 nonets) wHh the 80, J == 0 ,l 

381, and 3p;~ states of the qq system. For a qq system--considered here as 

f · ' P -_ (_ l)L+l a ermlon-antifermion pair--P and C are given by and 

Here L is the angular momentum in, the qq system and 8 the total qq spin. 

In view of this success it is tempting to take the next step and try 

to identify bosons belonging to the other L == 1 state s; 

J
PC -'- 0++, ++ +-having 1 ,and l' '* If we consider the K 's belonging to the 

.' ~ 

four L - 1 nonet s we find the following simple st allowed' decay mode s: 

K*(3p ) -7 K1f , 0 

K*(3p ) * --7 K (890h or Kp --7 K1f1l , 1 

K*(lP
l

) --7 K*(890h or Kp --7 K1l1l , 

K*(3P2 ) --7 K1f and K*(890h . or Kp --7 K1f1l , 

where the last one is already identified as K*(3P2) == K*(1420). 

Aside from K*(l420) we thus expect two more distinct K*'s in the K1l1l 

rna:;,; :<p.,:",: i, !','TO, both with ? == 1+. In connection with these a new and so 

J':lr' lllJique situat.ion can arise. The two isovector mesons corresponding to 

\) 
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3 1 16 ( ) the P
l 

and P
l 

states --presumably the Al (1080) and B 1220 --are eigenstates 

of G (and their neutral components are eigenstates of C), and thus form 

~C ++ +-
distinct entities with JI = 1 and 1 respectively. The same also holds 

for the four possible isoscalars belonging to these two nonets. On the other 

* hand, the K IS are not eigenstates of C, in fact the values of C here can 

be considered to refer to the two different qq17 structures 3Pl and lPl • Let 

us define for brevity the K*IS in the two nonets as K*(3Pl) = KAl and 

* The possibility thus exists that the two K I s will mix so 

that the two physical particles, say KI and KII , may each be a mixture of 

3 1 18 the P and P states. These are related by 
1 1 

KII = - KA sin ~ + ~ cos ~ , 
1 

where ~ is the mixing angle between the quark spin singlet and triplet 

states. 19,20 

Interference in the mass distributions 

In addition to, and aside from, the possibility of particle mixing, 

if we are dealiIl~_with two adjacent states with the same? values, we 

t ' t f ff t ' th K d' t 'b t' 21 may expec ln er erence e ec s ln e rrrr mass lS rl u lons. In general 

a mass distribution corresponds to an average over all decay angular distribu-

tions. * P + * + * Thus K IS with different J values, such as a 1 K and the 2 K (1420), 

will not give any interference effect in the Krrrr mass distributions and the 

amplitudes will add incoherently. However, two K*IS each with JP = 1+ 

will add coherently. 

In what follows we consider a very simple model corresponding to the 

coherent addition of two resonances together with a third added incoherently. 
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Here we express each resonance by a Breit-Wigner amplitude and allow an 

arbitrary phase between two of them. 

Let Bk == ~ rk/(Ek - E - i~ r k), with k == 1, 2, and 3, correspond to 

the Breit-Wigner amplitude for each of these resonanceSj then the resulting 

mass distribution can be expressed as 

dO' 
dM 

where Ek and r k are the resonant masses and widths respectively, ~ is a 

relative phase angle, and a
l 

and a
3 

relative amplitudes, all of which must 

be determined from experiment, and P is a phase-space factor. As an illustra-

tion, this expression was evaluated for El == 1250 MeV, r l == 50 MeV, 

E2 == 1320 MeV, r 2 == 80 MeV, E
3

,= 1420 MeV, r3 == 90 MeV, a l == 1, a
3 

and value s of ~ from 0 to 91(/5 in ten equal steps. Fi.gure 1 shows the 

resulting mass distributions. As may be noted, aside from the'K*(1420) peak, 
'\' 3 

the shape of the mass di str,i bution in ttte Q enhanc~ment can appear as a single 

peak at E2 for ~ "'" 61(/5, a broad flat-topped peak centered at" "'" (El + E2)/2 

for ~ "'" 1(, indications of a single peak at El for ~ "'" 31(/5, g,nd two separate 

peaks at "'" E and- "h:;; E for 1 2 or lower. Thus in a variation of ~ 

by about 1( radians the mass distribution can go through an entire gamut of 

+ shapes, some of which are very similar to the experimental K p data in the 

4.6- to 9-BeV/c region. 

In addition to the resonances discussed above there is little doubt 

that a considerable amount of background amplitude must be present as well. 

To the extent that this may be due to pomeron exchange it will also lead 

primarily to JP == 1+ amplitudes. A more realistic model must therefore 

include both a coherent and an incoherent background term, where the phase 

of the former can also vary relative to the two Breit-Wigner amplitudes. 
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We have. not yet attempted to actually "fit" the available experimental 

data with this model, primarily because observation of the splitting between 

the "1250-MeV" and "1360-MeV" peaks discussed in the preceding letter for 

the 9-BeV/c data is strongly dependent on the experimental resolution, a 

quantity which is not known to us for much of the data in the literature. 

Furthermore, for a significant fit,considerably higher statistical accuracy 

will be required at many of the momenta studied. 

It is clear, however, that a fit to the experimental data can be obtained, 

although if we include a coherent and an incoherent background term such a fit 

will not be unique without more detailed information than given by the mass 

+ 
di.stributions alone. A possible approximate solution for the K p interaction 

,{hich ignores background interference effects would be ~ "'" 61(/5 radians at 

4.6 BeV and either ~ "'" 21(/5 to rr/5 radians or ~ "'" 81(/5 radians at 9 BeV/c. 

Thus ~ = ~(4.6) - ~(9.0) "'" 1( radians or ~ - 21(/5 radians. These assignments 

would then imply that in the first case at some intervening momenta the Q enhance-

ment should appear as a single wide peak centered at ~ 1285 MeV, while not so 

in the second case. 

The above cases should be considered as examples only and do not represent 

an exhaustive search for solutions. 

The significance of i 
Finally, if we accept this model, one must ask about the physical significance 

of ~. In thj, s connection it i s appropriate to remember one further experimental 

fact. The K p data at various momenta
lO

- 12 have shown very clearly that the 

production of the Q peak disappears completely when charge exchange occurs at 

the nucleon vertex, such as in the reaction This feature suggests 

that Q production does not occur for isovector exchange, leaving the possibility 

of pomeron and isoscalar exchange. + * If the two 1 K 's are indeed mixed, we may then 

have amplitudes for the two physical K*'s which consist, for example, of the sum and 

difference of Ap and ~ with appropriate coefficients. Here Ap is the amplitude 

for pomeron exchange and ~ is the 



-6-

amplitude for exchange of one or more isoscalar mesons: 

UCRL-17727 

ill, f , or Pl. 
o 

If 

this is the case one amplitude, ~, remains essentially constant while the 

other, ~, may decrease rapidly with increasing incident momentum. The 

phase angle ~ would then reflect this relative change in the two amplitudes. 

* One other feature which follows is that the alignment of the two K 's 

may also change with incident momentum as the relative strength of ~ and 

~ change. Thus at low momentum we would expect an alignment characteristic 

of a considerable component due to meson exchange which, as the momentum 

increases, should go over to an alignment characteristic of pomeron exchange. 

There is experimental evidence for a change in the alignment of the 

structure in the Q enhancement. Thus in the K+P experimentB at 4.6 BeV/c 

it was observed that the K* (1320) .. peak corresponds primarily to a K. K t 
~n ou 

scattering angle ain the K*(890) c.m. system in the equatorial region, i.e., 

Icos al < o.B. The same result can be noted for the peak at 1270 MeV observed 

in a K-p experiment at 3.B BeV/c by Field'et a1. 22 These results are thus 

indicative of an isotropic or sin2 a distribution for the respective peaks 

observed in the Q enhancement at these momenta. On the other hand, in the 

K+p experiment5 at 9 BeV/c, both peaks observed in the Q enhancement occur 

both in the equatorial and the polar regions in cos a. This corresponds to 

a cos
2 

a distribution, which, as pointed out in the preceding letter, is 

indicative of 1+ resonance formation by pomeron exchange. 

Consideration on the Al resonance 

We have also briefly considered the possibility that similar arguments 

could be responsible for the variation observed in the intensity of the Al 

peak with incident momentum. 23 In this case we have to assume the presence 

of a coherent background interfering with a 1+ resonance, viz., 

\' 

\ ! or 



,~ 
, I 

\. ) ., 

-7- UCRL-17727 

where G represents a uniform background term. We have performed the numerical 

evaluation of this expression with El ::: 1080 MeV, r l ::: 130 MeV, and G::: 1, 

as well as E
2

::: 1300 MeV and r 2 ::: 80 MeV, to represent the incoherent 

effects due to the A
2

• On this model for ~::: 0 there is an "Al peak" at 

1080 MeV. The peak wanders down to 960 MeV for ~ "'" 3rc/S, and disappears 

completely for ~ "'" 4rc/S. It then reappears at 1140 MeV for ~. "'" rc, and 

moves back to 1080 MeV as ~ ~ 2rc. If this is indeed the correct interpre-

tation of the Al behavior with suitable variation of ~ as a function of 

incident momentum, we must still ask about the origin of G. The background 

rcp production is presumably due to pomeron exchange (or Deck effect), which 

should lead to a predominantly ?::: 1+ state, just as in the K*rc enhance-

c4 
ment above. The reason for the variation of ~ with incident momentum is 

however not clear in this case. 

I would like to thank G. F. Chew and H. Harari for helpful discussions 

on this subject. 
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24. M. Ross andY. Y. Yam, Phys. Rev. Letters 19, 546 (1967). 

'. J 
\o.Y 

/:" 
\ 



-11- UCRL-17727 

FIGURE CAPTION 

Fig. 1. Computation of' the interference patterns' in the Krc:rc mass distribu-

.' . I 
* . . . 

tion for two K resonances at 1250 and 1320 MeV added coherently and a 

third at 1420 MeV added incoherently. The computation was done for a 

series of values of the phase angle ¢ between the two coherent amplitudes 

as described in the text, and is shown in parts a to j. In Part k is 

shown the incoherent sum of the three resonances. 

\ .! .. 
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