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ABSTRACT 

The differential cross sections and density matrix elements for the $ and p” 
. 

mesons have been measured in the feactions K-p - K-K+ (A,Z’) and K-p -f 
-ll?T 

(A, Z”) at 13 GeV using a wire chamber spectrometer. The analysis shows that 

while the vector meson production is dominated by the natural parity exchange 

amplitude, some unnatural parity exchange is also required. Furthermore the $ 

and p natural exchange cross sections are identical in shape and have the 2:l rela- 

tive strength expected in the quark model with K* and K** exchange degeneracy. 

The analysis of the clear peak-dip p” -in interference pattern observed in the r-r’ 

data indicates that the w production is in phase with the p and of similar magnitude. 

Both the S* and f’ meson are clearly observed in this experiment. The S* data 

are found to be consistent with S* parameters deduced from 7rz scattering anal- 

yses. The ff density matrix elements and a new limit on the f f --c r-r’ branching _ 

ratio are presented. 
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1.0 

and 

Introduction 

In this paper we present the results obtained from the analysis of the dipion 

dikaon final states produced in the reactions K-p - 7r-r’ (A Jo) and 

K-P -K-K+ (A ,Z”) at 13 GeV. The data come from a high statistics wire spark 

chamber spectrometer experiment which has been performed at SLAC to study 

several of the final states in 13 GeV K*p interactions. 

The production of dipion and dikaon final states with a K- beam permits the 

study of several interrelated topics. The most prominent feature observed in the 

data is vector meson production. The three vector mesons, the p, W, and Q, are 

produced with comparable hypercharge exchange amplitudes in the K-p interaction. 

This is to be contrasted with r induced vector meson production where the $ 

production is very small and where G parity demands different exchanges for p 

and w production. In this experiment we find that $ and p production are domin- 

ated by the natural parity exchange amplitude, and that the natural parity exchange 

differential cross sections are identical in shape while differing in magnitude by 

the expected 2:l ratio. In addition, the analysis of the striking p-u interference 

pattern observed in the r-t data shows that the w production is in phase with the 

p and similar in magnitude. 

Within the context of the quark model, the production of the $-like member 

of each SU3 nonet is expected to be enhanced in K-p interactions. Only the 

natural spin parity sequence will couple to the T-T+ and K-K+ final states, and in 

addition to the Cp meson, we observe S* and ff production in this experiment. 

Vector meson production via hypercharge exchange has been studied at lower 

energies and included measurements of the polarization of the recoiling A or 

Z” [l, 2,3]. This experiment extends these measurements to a substantially 

higher energy, but yields no information on the A or Z” polarization since the 
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recoil baryon is not detected. However, the increased statistics and correspond- 

ing sensitivity makes it possible to observe and study other subtle effects such 

as the p-m interference and S* production for the first time in K-p interactions. 

A brief description of the experimental apparatus and data sample follows 

in section 2. The production of the $ and p mesons is analyzed and discussed in 

section 3. The observation and analysis of p-u interference is presented in 

section 4. In section 5, the data on S* production in this experiment are com- 

pared with the S* parameters deduced from 71~ scattering analysis. Finally, the 
* 

results on f’ production including a new limit on the f* - lrfn branching ratio are 

presented in section 6. 

2.0 The Experiment 

2.1 Experimental Apparatus 

The experiment was performed in an rf separated 13 GeV K beam at SLAC. 

Figure 1 shows a plan view of the apparatus [4]. Scintillation counter hodoscopes, 

two threshold Cerenkov counters, and 1 mm wire spacing proportional chambers 

were used to measure the mass, momentum, and trajectory of each beam particle 

incident on the l-meter-long hydrogen target. The beam resolution is &O. 3% in 

momentum, &to. 5 mrad in angle, and *l mm in space at the interaction point. 

The spectrometer system includes 13 magnetostrictive readout wire spark 

chambers, two on each side of the target, four between the target and the 

analyzing magnet, and five larger 1.5 m by 3.0 m chambers downstream of the 

magnet. The dipole magnet aperture is 0.6 m high by 1.8 m wide and the field 

integral was 18 kg-m. Each of the wire chambers consists of 2 gaps with 4 read- 

out planes and the forward chambers have small polyurethane plugs inserted 

through which the beam passes. The diameters of the plugs are 3.3 cm upstream 

and 8.0 cm downstream of the magnet. The spark chamber lever arms are 0.9 m 
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upstream and 1.9 m downstream of the magnet yielding secondary momentum 

resolution better than 1%. The observed 13 GeV K” - Y?=- decay invariant mass 
e 

distribution has a FWHM= 12 MeV; the mass distribution for $ - K+K- events has 

a FWHM=8 MeV. The dimeson production angle is measured to *tl mrad, while 

the missing mass squared resolution for identification of the recoil baryon is 

typically (T = 0.175 GeV2. 

The trigger for the experiment, defined using several scintillation counter 

hodoscopes required that 2 or more charged particles pass through the spec- 

trometer after originating from a K- interaction in the hydrogen target. In addi- 

tion, the magnet was lined with scintillation counters to reject events in which a 

_ secondary particle strikes the pole piece. 

The large aperture Cerenkov counter [5] downstream of the spectrometer 

provided K, K identification of the secondary particles. The counter consists of 

eight optically distinct mirror-phototube units and was operated with Freon 12 

at 1.65 atm. Detailed study of the counter performance indicated that the effec- 

tive momentum interval for good particle identification was 2.6 to 8.4 GeV for 

pions and 2.8 to 9.2 GeV for kaons. The choice of pressure and location of the 

counter was optimized to distinguish the like charge K and r for the study of the 

KW7r-7r’ final state and included offsetting the counter to intersect about 85% of the 

secondaries with the same charge as the incident beam. As a consequence, only 

a portion (about 35%) of the opposite charge particle trajectories pass through the 

counter. 

2.2 The Data 

The large downstream Cerenkov counter is used to identify the K-K+ and 

n-r’ final states and thereby to distinguish them from the much more copious 

reaction K-p -5 K-r+ (MM). The n-7;’ events are selected by requiring that the 
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negative particle be a ?r-. This leaves a small contamination from K-n+ events 

in which the K- decays, which can easily be corrected for using the measured 

K-r+ events. In general selection of the K-K+ events requires identification of 

the KS. However, for the study of the d, which is effectively isolated kinematically, 

the weaker criteria that the positive particle not be labelled a n+ is used. The 

contamination from K-r’ events in the C$ data sample is less than 2%. 

The recoil missing mass spectra for events in the $ (1.009 < M(K-K+) < 

1.029 GeV) and the ~‘(0.70 < M(r-r+) < 0.84 GeV) regions are shown in figs. 2a 

and 2b, respectively. In both distributions, there is a broad peak encompassing 

both the A and X0 hyTperons, followed by a substantial dip at 1.3 GeV. Our 

experimental missing mass resolution is not sufficient to resolve the A and X0 

peaks, but it provides adequate separation from higher mass hyperon states. 

There is also a strong peak at the A(1520) in fig. 2, and some evidence for 

Y*(1385) production. For the study of the #(A ,Z”) final state, we select events 

in the interval 1.00 < MM < 1.25 GeV. For the p”( A ,2’) final state, the con- 

taminating K-r’n events peak at a missing mass of 0.97 GeV; therefore the tighter 

cut, 1.05 < MM < 1.225 GeV, is used. 

The observed K-K+ mass spectrum for K-p - K-K+ (A , 2’) with the K+ 

identified is shown in fig. 3a. In addition to a very large $I signal (note the change 

in scale), there is a substantial peak from the f’ meson at 1.52 GeV. The histo- 

gram has not been corrected for the experimental acceptance, which decreases 

smoothly with increasing mass. A significant part of the background in fig. 3a 

arises from K-r+ contamination. Figure 3b shows the K-K+ mass distribution in 

the C$ region in 2 MeV bins with the less stringent Cerenkov selection criteria 

discussed above. The reflection of the X*(890) into the K-K+ spectrum is peaked 

near 1.07 GeV and then extends to higher masses. K-r’ feed-through below 



-6 - 

1.06 GeV is quite small. The mass cut, 1.009 < M(K-K+) < 1.029 GeV, has been 

used to select the Q data sample, which contains 48<8 events. 

The 7r-r’ mass spectrum for events recoiling against a (A , Co) mass is 

shown in fig. 4. The sharp peak at the K” mass is from K-p -K” (n, A’) events 

for which the missing mass falls within the (A ,Z”) cut. Above the p” peak, there 

is evidence for S* production at 0.98 GeV (see section 5) and a broad peaking at 

the f”(1270). The histogram is uncorrected for the smoothly varying acceptance. 

The dashed curve represents the estimated K-n+ contamination; the K*(890) 

events peak below 0.7 GeV. Actual s wave 7r-r’ background under the o” does 

not appear to be very large, the data being consistent with pure p wave in this 

region (see section 3.1). The 7r-,” mass cut 0.70 < M(r-n+) < 0.84 GeV is used 

to define the p” data sample, and includes 1410 events. 

3.0 $ and p” Meson Production 

The production of the p” and $ vector ‘mesons is the most prominent feature 

observed in the reactions K-p - ,-*“(A , Z”) and K-p - K-K+ (A ,Z”) respec- 

tively. These reactions involve hypercharge exchange in the t-channel. In this 

section we analyze the production and decay distributions of the p” and + mesons. 

3.1 Angular Distribution Analysis 

We have extracted the cross sections and the spherical harmonic moments 

<Yti> of both the @ and p ’ decay angular distributions as functions of tr = I t-ten I, 

Th.e technique used was to perform a maximum likelihood fit of the data to an 

acceptance corrected sum of spherical harmonics, Y ti. The corrections for 

apparatus efficiency, secondary z and K decay, nuclear absorption, and the 

recoil baryon missing mass cut are incorporated in the Monte Carlo program 

used to determine the spectrometer acceptance. The average acceptance includ- 

ing all the above factors plus particle identification is 0.50 for the # and 0.15 
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for the p at t’ N 0.15 GeV2 using the measured angular distributions as input. 

Fits were done in both the s-channel and the t-channel (Gottfried-Jackson) heli- 

city systems with 1, m 2 2 assuming that only s and p waves are present in the 

dimeson system. Since the data showed no evidence for any s wave contribution 

in either reaction, separate fits with the &l moments set to zero corresponding 

to pure vector meson production were also performed, In the case of the p” 

analysis, it was necessary to weight the data on an event by event basis to correct 

for the K-r+ contamination of the angular distributions. t 

The s and t channel moments and the corrected differential cross section for 

$ - K-K+ and p” -. r-r’ are presented in tables 1 and 2 respectively. The 
-. 7% 

moments have been reexpressed in the tables as elements of the spin density 

matrix, pEm,. The p wave elements presented in the tables were obtained from 

the restricted analysis assuming only p wave production, while the s-p interfer- 

ence elements, Re polo0 and Re p:i, necessarily come from the complete s-p fits. 

The density matrix elements Re poo lo and Re pii are consistent with zero for 

all t’ for both reactions. This means that any s wave background is either 

incoherent or 90’ out of phase with the p wave resonances. The latter possibility 

was ruled out by measuring the values of Re ~2~ fop the upper and lower sides 

of the resonance peaks; the elements were again found to be zero. In fact any s 

wave production would be largely incoherent, since an s wave dimeson system 

must be produced by unnatural parity exchange, while both vector mesons are 

produced predominantly by natural parity exchange as discussed below. Detailed 

examination of the K-K+ and ,-lr’ mass spectra show no evidence for any s wave 

under the vector mesons. In section 4 it is demonstrated that a fit to the p” peak 

requires no background, although an interfering 0 is necessary. This differs 

from the pion produced p” where a strong broad s wave enhancement, often called 
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the E , is observed. Although the coupling of the E to m is below the sensitivity 

of this experiment, the coupling of the s wave S* through & -t S* - n-r’ is 

observed and discussed in section 5. The possibility of also observing the S* in 

the K-K+ channel at K-K+ threshold does exist, but the observed distribution 

shown in fig. 3b is entirely accounted for by $I resolution and the small K-nf 

contamination. 

The differential cross sections for K-p - C$ (A ,Z ‘) with c$ - K-K+ and for 

K-P -* p”(A ,2’) are shown by the solid points in figs. 5 and 6 respectively. 

These cross sections, and those in tables 1 and 2, have been corrected for the 

events outside the $I and p mass cut, and in addition for the p a 6% reduction is 

also made to account for the effects of p-w interference. The $I mass cut retains 

84% of the C#I events, while only 60% of the p Breit Wigner used in the p-w fit to 

describe the n-n+ mass spectrum is contained within the tight p mass cut used 

here. The estimated systematic error in absolute normalization is *lo% exclu- 

sive of the p line shape uncertainty. 

The $ differential cross section shown in fig. 5 has a pronounced forward 

turnover while beyond t’ = 0.2 GeV2, &/dt’ falls off exponentially with a slope of 

about 3 Gev-2. The p” differential cross section, although not as well deter- 

mined, is similar in shape and magnitude to the @ cross section. The integrated 

cross sections for tf < 1.2 GeV2 are 8.0 + 0.7 pb for K-p - p”( A ,21°) and 

5.5750.16 ;b for K-p --c $I (A ,Z”) with @ - K-K’. Using a 4 - K-K+ branching 

ratio [S] of 0.466 *to. 025 gives 12.0 + 0.5 pb for the total C$ cross section. The 

10% systematic uncertainty in normalization has not been included, and would be 

common for both the p and C$ result. 
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3.2 Natural and Unnatural Parity Exchange 

To a good approximation at our energy, the density matrix combinations, 

P* = pllfpl I, project out the natural do+) and unnatural (p ) parity exchange 

components of helici@ one vector meson production [7]. The helicity zero state 

(p,,) can only be produced by unnatural parity exchange. The differential cross 

sections for production in each helicity and exchange state, 9, v -’ and a0 where 

CT. = pi do /dt’ , 
1 are shown in figs. 5 and 6 for @ and p production respectively. 

C+ is invariant under rotations between the s and t channel frames, whereas @ 
t 

and o. are not. It is immediately clear from figs. 5 and 6 that @ and p” mesons 

are produced dominantly by natural parity exchange in the reactions being studied. 

For the @, g+ is approximately 86% of do/dt’ for all values of t’; in the case of 

Q=P ’ the fraction is about 60%. 

The dip at t*=O for o+ in figs. 5 and 6 indicates that the dominant contribution 

to 9 is an helicity flip amplitude. The natural parity exchange amplitude must 

be helicity flip at the meson vertex; if in addition it is nonhelicity flip at the 

baryon vertex there must be such a dip. On the other hand, if the baryon vertex 

also has a unit helicity flip, then the total helicity flip can be zero and absorption 

is expected to decrease the size of the forward dip [8]. To obtain a rough estimate 

of the fraction of CJ+ which as a net helicity flip of one, we have fit the Q data for 

tt < 0.5 GeV2 to the functional form c(a+t’) e -bt’ . The purely exponential term 

represents the contribution with zero net helicity flip. The values obtained for 

the parameters were a=. 029 f. 007 GeV and b = 5.9 c 0.3 GeVm2. Integrating the 

resulting expression over t.’ we find, for the r$, that the fraction of C+ with a net 

helicity flip is 86 +5’%. We also note that the four p” points for Q+ are consistent 

with this fit. 
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We now turn to the smaller unnatural parity exchange cross sections for the 

c$ meson shown in fig. 5. In the t channel, oO for the 6, has a shape similar to 

o;- but is about 25% in magnitude, while (;r is small and drops quickly to zero by 

t’ - 0.3 Gev2. In the s channel, a0 and u are unchaG?ed for small t’, but their 

roles are reversed at large t’ with u remaining large. In the s channel, co has 

a forward peak and then falls abruptly to zero at 1;’ -0.4 GeV2. The different 

behavior of o. and u between the two frames can be understood by considering 

the s-t crossing angle; it is 180’ at t’=O, but changes rapidly to 100’ by t’ = 0.4 

GeV, and remains near 90’ for larger t’. Thus a0 and (? are simply inter- 

changed in this region. We note that in both frames the unnatural parity inter- 

- ference element, Re p lo, is definitely nonzero in the forward direction where 

both u and o. exist. 

The unnatural parity exchange cross sections for p” production, shown in 

fig. 6 in the t channel, differ markedly from those of $ production. Because of 

the effects of the Cerenkov counter tagging requirement on the acceptance, the 

unnatural parity components of p production are not as well determined, espe- 

cially poo in the s channel. However, the unnatural exchange does appear to 

account for a larger fraction of the cross section and the roles of CT and u in the 0 - 

s and t channel are just the reverse of that for Q production. For example in the 

t channel, CT remains a constant fraction (40%) of c+ while a0 is smaller for most 

t’ values and falls more steeply with t’. 

The natural parity trajectories which contribute to the present reactions are 

K* and K** , while the unnatural parity trajectories are K, QA and Q,. Absorp- 

tion of the dominant natural parity exchange amplitude could result in some feed- 

through into the unnatural parity amplitudes. However, in the s channel such 

feed-through should only affect u and not u. [S]. Furthermore, because (T+ is 
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predominantly total net helicity flip, it is not expected to be strongly absorbed. 

Therefore we conclude that go and (3 do indeed represent unnatural parity ex- 

change in the reactions studied. We further note that p+ has risen from -0.5 at 

4 GeV incident energy [l, 2,3] to -0.8 at our energy. This rise is consistent 

with the steeper energy dependence of the unnatural parity exchanges and there- 

fore indicates that both natural and unnatural exchanges are separately present. 

3.3 Comparison of p and $ Production 

The cross sections for K-p - p” (A, 2’4, K-p -+ w (A, 2’) and K-p - $ (A,Z’) 

can be compared using the quark model diagrams shown in fig. 7. Assuming 

simple t channel exchanges, the p” and o cross sections are predicted to be equal 7. 

in magnitude and phase [l, 91. The K-p - $I (A,2 ‘) and K-p -+ p’(w) (A ,Z ‘) cross 

sections are related by line reversal, assuming the noninteracting top quark line 

which is different in the two diagrams can be ignored. Additionally, if the t 

channel amplitudes are exchange degenerate, then the cross section for $ produc- 

tion should be twice that for p” production. The factor of two arises from the 

fact that the pp pair in fig. 7b is an equal mixture of p” and W. These predictions 

also apply to the individual components of the cross section: u+, u’_, and uo, 

and for the A and Z” final states independently as well as for their sum. 

To compare the experimental data with this prediction, recall that the shape 

of Q+ for the p” was completely consistent with U-+ for the Cp (see figs. 5 and 6). 

Furthermore, the integrated cross sections, o;-, for t’ < 1.2 GeV2 are 5.06 f 20.pb 

for the p reaction and 4.50 & . 10 pb for the $I with $I - K-K+. After adjustment 

for the K-K’ branching ratio, Q+ for the $ is 9.7 f .4 kb yielding a @ to p ratio of 

1.91+ 0.11 in good agreement with the prediction even before the p line shape 

uncertainty is included. This agreement not only suggests that at this energy the 

K* and K** trajectories are approximately exchange degenerate, but also that 
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absorption of U+ is either weak or equal for c$ and p” production. At lower ener- 

gies, where natural parity exchange is less importantr, a+ for the <p is larger 

than, but not twice, o;, for the p” [1,2,3]. 

It is apparent from figs. 5 and 6 that the prediction is badly broken for the 

unnatural parity exchange components. In fact, the $ to p” ratio for the total 

cross section is 1.5 * 0.2, with the deviation from 2 coming entirely from (T and 

aO’ The disagreement for unnatural exchange could be the result of exchange 

degeneracy breaking (for K and Q,) or absorption. 

4.0 PO-W Interference 

4.1 General Remarks 

The reaction K-p - r-n+ (A, ZI ‘) should potentially show a strong effect due 

to p”-0 interference. This follows from the quark model predictions that the p” 

and o production amplitudes should be equal in magnitude and phase [9, lo]. This 

is in contrast to the effect observed in pion-produced dipion states [ll] where the 

p” amplitude (dominantly r-exchange) is very much larger than the w” amplitude 

@ and B exchanges). p-0 interference has also been seen in p” photoproduction 

and with e+e- colliding beams, where the p” and 0 amplitudes should be coherent, 

but where the w amplitude is smaller by a factor of three [12]. The only previous 

report of this effect in K-p reactions was at very low energies where a weak 

signal was seen [13]. 

We will assume that p” -0 interference can be described by a coherent sum 

of normalized Breit-Wigner amplitudes: 

a(m) = I f,(m) + cy e i4 f,(m) I2 (4.1) 
where the parameters cv and # are to be determined from the data. Theoretically, 

the complex coefficient of fw is predicted by the mass matrix formalism [14] to 
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be 

W 
A 

w ae =E--- 
A 

P 

where AU and A0 are vector meson production amplitudes. The variable E, 

whose modulus squared is just the 0 - ,‘lr- branching ratio, is given by 

E= 6 r l/2 

m -m ( ) # 
0 w -irP’2 w 

(4.2) 

14.3) 

and 6 measures the electromagnetic mixing of the p” and the W. The theoretical 

prediction for the magnitude of 6 is 2.5 Me;, and it is expected to be real [15]. 

Therefore, assuming that 6 is real, a measurement of $ yields the relative 

phase of the p” and w production amplitudes: 

$J = arg (AU/A 
P 

) + arg (E) 
(4.4) 

= arg (Aw/Ap) + 103’ . 

The value of (Y, on the other hand, can be interpreted two different ways. If we 

assume 6 = 2.5 MeV (or alternatively that I E I 2 has been well measured) #en Q! 

determines the ratio of A to A : 
w P 

(4.5) 

If instead we assume the quark model prediction that AU= Ap is true, then cr2 can 

be considered to be a measurement of the w - r+r- branching ratio, I E I 2. It 

should be noted that the assumption of complete coherence for A 
w 

and AD means 

that the measured value of Q is essentially a lower limit [13]. 

4.2 Results 

The experimental 7r-,’ mass distribution in the p” region with the K-T’ con- 

tamination subtracted is shown in fig. 8. There is a clearly -visible distortion 
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of the p” peak near the w mass. The r-n+ spectrum peaks quite sharply below 

the p and there is a notch in the spectrum just above the w mass. 

We have fit these data to a coherent sum of acceptance corrected Breit- 

Wigners plus a possible incoherent linear background. The form of the Breit- 

Wigner amplitudes used in the fit to expression (4.1) was 

f(m) -JZL mOr 

Jq rnt-m2 - imOJ? 

with 

- where m o, r. are the nominal masses and widths of the p and 0 mesons, q is the 

pion momentum in the dipion rest frame, and we have set the factor F(q) = 1 for 

an s wave and F(q) = (1+(Rqo)2)/(l+(Rq)2) with R = 1 fm for a p wave [16]. 

The fitting function has been smeared by the ,,” mass resolution, which is 

estimated to be f 8 MeV. With the p” and w parameters fixed at the values [S] 

m = 0.765 GeV r =O.l5OGeV 
P P 

m = 0.7827 GeV I’ = 0.010 GeV 
0 w 

the best fit to the p” line shape was obtained with the s wave Breit-Wigner and 

no additional background. The fit extended from 0.6 to 0.92 GeV and gave a x2 

of 31 for 29 degrees of freedom (DF); values of the fitted parameters and their 

statistical errors are Q = 0.19 f 0.04 and @ = 99’+ 10’. ~I 

To test that the interference is a significant effect, we have also performed 

a fit without the w contribution. This fit is shown by the dashed curve in fig. 8 

and yielded a x2 of 8 1 for 31 DF . The increase of 50 in x2 for 2 additional degrees 

of freedom demonstrates that the interfering o is indeed required by the data. 
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We have also used a modified p wave Breit-Wigner [16] for the p”, which 

does not fit the high mass tail as well (x2 = 39 for 29 DF). The results of this 

fit were a! = 0.21 f 0.04 and Q, = 104’ f 10’ showing that the interference parameters 

are not very sensitive to the p” parametrization. In addition, the o mass and 

width have been varied by f 10 MeV, the range allowed by previous measurements 

[6], the w mass by f 1 MeV, and the experimental mass resolution by &2 MeV. 

We conclude from these studies that the additional uncertainties due to the param- 

eterization of the fitting function and choice of input parameter values are f 0.03 
t 

for o! and *5’ for @. Adding these in quadrature to the statistical errors, our 

final results are 
-. T 

o! = 0.19~0.05 

cp = 99O* 11° . 

Using the assumption discussed in section 4.1 we thus obtain the following 

relations between the p ’ and ti production amplitudes: 

arg (Aw/Ap) = -4’ i ll” 

Au/A = 1.5kO.4 
P 

The phase measurement is in excellent agreement with the quark model predic- 

tion of amplitudes equal in phase, while the less precise measurement of the ratio 

is consistent with the prediction. 

Alternately if we assume that A w and Ap are indeed equal, then our meas- 

ured value of (Y yields the branching ratio: 

I+;ll&’ = 0.035~0.018 . 

This result is larger than, but consistent with the world average [6] of 

0.013 f 0.003. Assuming that the mass mixing parameter (Y is 2.5 MeV, the 

theoretically predicted branching ratio is 0.017. 
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5.0 S* Production 

In the n-7;’ mass spectrum shown in fig. 8 there_ is a small but distinct peak 

at 0.98 GeV, which rises above the extrapolated p” + CL) fit discussed in the pre- 

vious section (dotted line). We interpret this peak as evidence for the production 

of the S* meson. Previous evidence for the existence of this state comes from 

investigations of ~7r scattering in 7r p experiments [17,18]. In these experiments 

the 7r’7rm data is observed to drop sharply at m threshold. At the same time 

there is a threshold enhancement in the K-K+ final state. These effects are 

associated with a drop in the s wave 7rr elasticity and indicate the presence of a 

rr state, the O+ S* meson, which couples strongly to the I% channel and is 

observed through 71~ - Rx. 

In the reaction K-p - 7r-X’ (A, ;S”) one can study the inverse process 

&C - m via K exchange. Since the S* meson is located just at or below K-K+ 

threshold, only this reaction permits direct observation of the entire S* line 

shape. 

The S* peak in our r-r’ spectrum contains 35 rfr 10 events above background 

in the mass interval 0.965 - 0.995 GeV. This corresponds to an S* production 

cross section for this region of 0.2010.06 pb after correction for spectrometer 

acceptance, particle identification, and efficiency factors. The effective 

s* - T-Y?- acceptance is 0.08. The S* line shape appears to be significantly 

distorted in this data. The X-ni spectrum rises smoothly to a peak between 0.98 

and 0.985 GeV, but then falls very rapidly just above this mass. The data are 

consistent with no S* contribution above 0.995 GeV. In order to check that the 

effect we see is in fact due to the s*, we have computed the expected 7r7r mass 

dependence from the K matrix parameters determined in previous experiments. 

The data are replotted in fig. 9 with the p” tail and the K-n+ contamination 
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subtracted. The curves in fig. 9 are proportional to 

‘TUT, lT7rKi2 ’ 

where q, is the pion momentum in the dipion rest system and T OK denotes the 

amplitude for ifK - r~ (or X;T - m) f. Each curve was individually normalized 

to the data in the region 0.94 < &17iT < 1.02 GeV; thus the shapes of these curves - 

are predictions from the previous K-matrix fits. 

The S* resonance parameters77 which correspond to the K matrix predictions 

are given in table 3 along with the x2 obtainti for each fit. Although all three 

predictions are statistically consistent with the data, the comparisons suggest 

that the CERN-Munich (Ochs) and the LBL (constant K matrix) curves provide a -7. 

better description of our data. These solutions are characterized by the presence 

of only a second sheet pole, whereas the LBL (case 1) solution has both a second 

sheet pole and a third sheet “shadow” pole. Unfortunately the S* statistics in 

this experiment are insufficient to provide a useful constraint on the determina- 

tion of the S* resonance parameters. 

Having observed the S* in the r-n+ mass spectrum, it is interesting to check 

whether an S wave K-KS threshold enhancement exists in the reaction 

K-P --J-W+ (A ,Z”) . Although the couplings of the S* given in table 3 favor the 

KK - KK channel over IZK - ~;7;, the observed K-K+ cross section is substantially 

suppressed by both a factor of q /q K 7r and the fact that most of the S* cross section 

falls below & threshold. For example, using the CERN-Munich parameters one- 

expects the K-K+ cross section below 1.020 GeV to be only 15% of the S* - + -7-r 7T 

tour normalization for T,K is such that cr(n~ -m) =4n(qK/q ) ~T,K 1 
parameters which determine T,K are given in refs. [17] and 1181. 

2. The 

?tThe complex couplings are defined as follows. 
tion EO are Rij = EIFE (E. 

The residysat the pole posi- 
-E) Tij; they satisfy R,,Rm-R,K - 0. We may thus 

take gi=+~ as ’ the dimensionless couplings. 
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cross section or about l/2% of the Cp cross section at 13 GeV. Thus despite the 

fact the spectrometer acceptance substantially favors the K-K’ final state, the c 

few S* events expected can not be isolated in the presence of the very large 4 

signal. 

Finally it should be noted that the very small observed S* cross section in 

the K induced reaction compared to the 7r induced case is presumably a conse- 

quence of the suppression of K exchange relative to r exchange by a factor of the 

order of tM2/Mi)2 at small t. 

6.0 The f’ Meson 

6.1 f? Production 

Because the f’ production cross sections are small, experimental data on 

the properties of the f’ meson are quite sparse [l, 191. The K-K+ mass spectrum 

presented in fig. 3a contains a clear peak of 120 events from the f’ meson above 

a smoothly varying background of similar magnitude. Most of the background is 

due to K-p - K-r+X” events in which the 7r+ is misidentified in the Cerenkov 

counter. A fit of a d wave Breit-Wigner plus a linear background to the observed 

mass spectrum in the mass interval 1.34 to 1.80 GeV gave a good fit (x2= 14.3,’ 

18 DF) and the following resonance parameters for the f’ meson: 

M = 1.527* .005 GeV 

r=.o61~.008 ckv 

Both results are about 2 standard deviations above the previous average value 

for the ft parameters [6]. 

The f’- K-K+ decay angular distribution has been analyzed in order to deter- 

mine the dominant production mechanism present in K-p - fT (A, 2’). In order 

to perform this analysis, the K-K+ angular distribution in the f’ region is first 

corrected for the non f’ background using the side band distributions. The f’ 
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angular distribution is then fit with a restricted sum of acceptance corrected 

spherical harmonic moments. The fit has been performed for a single mass and 

tr bin, 1.46 - 1.58 GeV and t’ < 1.0 GeV2, in both the s and t channel systems. 

Only the moments Yoo, Yzo, Y22, Y42 were used, motivated by the assumption 

that only the d wave is present. Good fits of the angular distributions were 

obtained in both reference frames. However, the s channel fits for the m=O 

moments are less reliable because of the restricted acceptance in cos 8 due to 

the particle identification requirements. The results obtained in the t channel t 

expressed as density matrix elements are: 

CT= 2.OkO.4 pb 
-. T-. 

22 
PO0 = 0.35k.08 

22 p11=O.31~.04 

p;21= 0.20*.05 

The values of the density matrix elements for f1 production found in this analysis 

are similar to those measured at 4 GeV [l]. In particular, the elements we have 

neglected were zero within errors in the 4 GeV analysis. When the helicity one 

density matrix elements are combined to project out f’ production by natural and 

unnatural parity exchange, we find 

22 22 
p-k = Pll + cl-1 =0.52*.07 

22 22 p-=pll+pl-l= 0.111.05 

The largest component of f’ production, 52%, corresponds to natural parity 

exchange (K*, K**) as was the case for $I production, but the relative strength of 

the natural exchange compared to the unnatural exchange components has 
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diminished significantly for the f’ relative to the 9. This property of the ex- 

change structure for tensor and vector meson production has also been observed 

for f” and p” production in 7r-p - ,-,‘n [20] and is also found to hold for 

K**(1420) and K*(890) production using the Kn final state data from this experi- 

ment. 

6.2 Branching Ratio Limit for f’ - n-r+ 

If the Jp = 2+ nonet is “magically mixed”, then the f’ meson is a pure hx 

state similar to the 4 meson. Decay modes to exclusively nonstrange mesons 

are then expected to be strongly suppressed relative to the dominant i% decay 

(Zweig rule). A new improved upper limit on the f’ - r-7;’ branching ratio can 

- be obtained in this experiment through the comparison of the dikaon and dipion 

mass spectra in the f’ mass region. 

In the n-r+ mass spectrum shown in fig, 4, there are 15 events in the mass 

interval 1.48 to 1.56 GeV. A linear fit to the mass spectrum above the f” meson 

indicates that in this interval the background level is 16 i 2.8 events. Thus we 

find -l&4.8 f’-?r-x+ events, i. e. , a null signal. In this same mass interval, 

1.48 to 1.56 GeV, there are NK= 102& 16 f’- K-K+ events after background sub- 

traction. We use the measured f’ -K-K’ decay angular distribution as input to the 

Monte Carlo program to,compute the ratio of the spectrometer acceptance for 

f’ - K-K’ compared to f’ 
-+ 

-7r7r, and find an acceptance ratio, A KK’%= 

1.4 * 0.1. If we assume that the rate f’ - K°Ko is the same as the K-K+ rate, 

the expected number of r-r’ events from f’ - - ’ 7-r 7r is 

A TT r(fl - A+) NT = 2NK A 
KK IY(f’- EK) 

To compute the branching ratio limit we determine the number of T-T’ events 

required such that a null signal on a 16 i 2.8 event background corresponds to a 



I 
- ZJ. - 

90% confidence level. This gives NT= 7.3 events, and yields the result 

r(f'- 7171+) < 0.06 (90% CL) 
l?(f’ - KR) 

including the uncertainty in the acceptance ratio and fr - K-K+ rate. 

7.0 Conclusions 

We have presented the results of a spectrometer experiment studying the 

reactions K-p - K-K+ (A, Zr’) and K-p - T-T’ (A, 2’) at 13 GeV. These reactions 

yield data on several of the nonstrange mesons. In the dikaon final state, we 

observe the + and f’ mesons. In the n-r+ data, the p 1 ‘, S*, and f” mesons are 

observed while the production of the w meson is made manifest through the dis- 

tortion of the p” line shape from PO-W interference. No f’ - n-r’ signal is seen 

and a 90% confidence limit of 0.06 *o; the n-r+ decay rate relative to the f’ - j& 

rate is obtained. The f1 mass and width parameters measured in this experi- 

ment, M = 1527 f 8 MeV and I’ = 6 1+ 8 MeV, are both two standard deviations above 

the previous values for these quantities. The distorted S* line shape observed in 

this experiment is found to be consistent with the r-n+ spectrum predicted using 

the K matrix parameters determined in previous analyses of ?TT scattering near 

ifK threshold. 

The density matrix elements and cross sections for $, p”, and f1 production 

have been presented. In each case the natural parity exchange amplitude makes 

the largest contribution to the production cross section. Average values of 

u!’ M’ 
P+ = PI1 “Pl-1 are 0.8 for the #, 0.6 for the p, and 0.5 for the f’ meson. The - 

data indicate that unnatural parity exchange is also present. Both the 4 and o 

differential cross sections exhibit forward turnovers. The forward turnover is 

even stronger for the natural parity exchange part of the cross section, and we 

find that most of o+=p+ dcr/dt corresponds to an overall helicity flip amplitude 



implying helicity nonflip at the baryon vertex. The Q and p” natural exchange 

differential cross sections are identical in shape and have the relative strength 

of 2:l as predicted by the quark model with K* and K**cexchange degeneracy. 

However the t’ dependence of the unnatural parity exchange components, a0 and 

CT -, are very different for the two reactions, and the relative magnitudes are 

approximately equal indicating either that K and Q, exchange degeneracy is 

broken or that absorptive effects are important for the unnatural components. 

The 7r-r’ mass spectrum shows a clear peak-dip PO-O interference pattern. 

The p” and w production amplitudes are found to be in phase and consistent with 

equality as would be expected from the quark model description of those reactions. 

The determination of the p” -0 interference parameters is quite stable, and de- 

pends only weakly on the Breit-Wigner form used, the p” or u mass and width, 

or the experimental resolution. 

U7e acknowledge the contributions made to this experiment by many other 

members of our group at SLAC: in particular, A. Kilert, R. Bierce, R. Friday, 

D. McShurley, and B. Walsh. The contributions of G. Charlton and F. Winkelmann 

in the early stages of the experiment are appreciated. We also would like to thank 

the Experimental Facilities, Accelerator Operations, and Computation Center 

Groups at SLAC for the strong support we received throughout the experiment. 
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Figure Captions 

1. Plan view of experimental apparatus. 

2. Missing mass distributions for (a) K-p - K-K+Y” for 1.009 < m(K-K+) < 

1.029 GeV, the + meson region; (b) K-P - n-7;‘Y0 for 0.70 < rn(T-r’) < 0.84 

GeV, the p” meson region. 

3. Observed K-K+ mass distribution for K-p - K-K+ (A, 2’). (a) Cerenkov 

identification of the K’ required. (b) The $ meson region with the Cerenkov 

counter selection only requiring the positive particle not be labelled a nf. 

4. Observed Z--T+ mass distribution for K-J - n-n+ (A,Z’). The dashed curve 

gives the estimated background from misidentified K-p - K-?r’X’ events. 

5. Differential cross section for K-p - $ (A,I?Z’) with $ -. K-K+. The cross 
~. q. 

section, ao= poo do/dt’, gives the helicity zero component produced by - 

unnatural parity exchange. ok = bll f p1 1) do/dt’ describe the natural (u+) 

and unnatural (a ) parity exchange helicity one component. co and o are 

presented for both (a) the t channel and (b) the s channel helicity frames. 

6. Differential cross section for K-p --. p” (A, 2’). go =poo da/dt’ gives the 

unnatural exchange helicity zero component. o*=@llipl 1) do/dt’ describe 

the natural (o+) and unnatural (a ) parity exchange helicity one component. 

o. and P are presented in the t channel. 

7. Quark model reaction diagrams for (a) K-p - @A and (b) K-p - p”A or 

K p--0A. 

8. Observed r-n+ mass distribution with the background events from 

K-P -, K-,‘X” subtracted. The solid curve is the result of a fit to these 

data of a coherent sum of acceptance corrected p” and w Breit-Wigner 

amplitudes (x2 - - 31/29 DF). The dashed curve gives the best fit when only 

the p amplitude is present (x2 = 8 l/31 DF) . The dotted line is the extrapo- 

lation of the p” -W fit above 0.92 GeV2. 
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9. Observed T-T-+ ma’ss distribution in the S* meson mass region with both the 

K-P - K-*+X’ background and K-p - (p’, u)(A,Z’) events subtracted. The 

curves are the predicted s* line shape normalized to this data obtained from 

three different solutions for the S* parameters given by previous m scatter- 

ing analyses (see text). 
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