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ABSTRACT

Recent results from a high statistics study with LASS of mesons which
contain strange quarks are reviewad, and compared with the quark model.

INTRODUCTION

The spectroscopy of light quark mesons continues to be an important area
of investigation in high energy physics. Historically, it was of vital importance
to the early success of the quark model, ard it is now well-known that the
non-relativistic quark model provides an excellent deseription of most of the

known light quark spectra, and the observed heavy quark mesons as well.»? In
the context of these models, studies with light quarks complement those of the
heavy quarkonia in that they probe a diferent piece of the ¢ potential, and allow
the study of the strength and structure of the long-range confining term of the
interaction. However, none of the meson spectra is well mapped over most of ihe
excitation space, and, sinc2 the experimentally accessible states depend strongly
on the production mechanism, studies of both light and heavy mesons in a wide
varie:y of channels remain of interes:. In particular, the discovery of several
candidates for exotic mesons in the mass region below 2.3 GeV/c?, as described
2t this conference, emphasizes yet again the importance of understanding the
qJ levels in this mass region as a template against which the exotic candidates
can be compared.
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ACOD3-765F00515; the Nativna! Science Foundation under grant Nos. PHY82-
09144, PHYB35-13808, and the Japan U.%. Cooperative Research Project on
High Energy Physics.
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THE EXPERIMENT

This talk reviews several recent results on mesons containing strange quarks
coming from the LASS collabaration at SLAC. Details of these analyses can be
found else~vhere 348729 Tp. spectrometer is serviced by a clean RF sepa-
rated beam, and has nearly 8a$ acceptance over 4x steradians, good particle
identification, good multi-particle tracking and topology reconstruwiion, a full

acceptance trigger, and high data rate capability. ° The raw data semple con-

tains ~ 113 million triggers taken with an 11 GeV/c K~ beam, corresponding
to a sensitivity of 4.1 events/nb.

K* SPECTROSCOPY

The strange mesons provide an excellent laboratory to study a pure g
system since there is no isoscalar-isovector mixing and no confusion with pure
glueballs. In particular, the reactions

K p— K xtn (x)

and
K-p—R'x*x~n 2)

are ideal places to study the orbital excitation ladder and also provide access
to the expected underlying states. Reaction (1) has a particularly simple topol-
ogy, is restricted to the natural spin-parity series, and has a large croas sec-
tion which is dominzted by x exchange at small values of momentum transfar
(¢ = [t — tminl), whereas reaction (2) can covple to both natura! and unnatu-
ra] spin-parities. I will only discuss features of a few of the natural spin-parity
objects in the following section. Many more details of these analyses are given
elsewhere. > R —
The ipvariant mass distribution for re-
action (1) is shown in fig. 1 for the 730,000
events with # < 1.0 GeV/c2. The spin-parity
JP = 17K=(892) and 2%K}(1430) mesons
can be clearly seen as can a higher mass struc-
ture in the 3~ X3(1780) region. Similarly, the
invariant mass for reaction (2) shownin fig. 2
has structure in the K3(1430) and K3(1780)
regions. However, in neither case is there
any direct evidence in the mass plots for the
higher mass Jeading resonances nor for the
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Fig. 1. The K~n* mass dis-
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expected underlying states, and at first sight
the cross sections appear to be largely back-
ground on which the low mass leading reso-
nances are superimposed,

2

tribution from reaction (1); the
¢ross-hatched plot contains events
with N*’s removed {M{nx*) 2>
1.7 GeV/c?).
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Partial wave analyses (PWA) of these data show, however, that the croas sections
are composed of many resonances; indeed, even the “obvicus™ leading structures
contain significant cantributions from underlying resonances in the same mass

regions.
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The PWA amplitudes for reaction (1) demonstrate clear Brejt-Wigner
structures for the leading orbitally excited natural spin-parity states with J*
fram 2* ap t0 5, asshownin fig. 3. The K3(1430), the K3(1780), the K3 (2060),
and the K${2380} are clearly smen. Similarly, the same leading natural spin-
parity resonances with J¥ up to 4% can be seen in the natural spin-parity waves
of reaction (2), as shown in fig. 4. There is also sulstantial structure in the
1~ wave around 1.4 and 1.8 GeV/c?, and in the 2* wave around 2.0 GeV/¢?.
The individual K= and p isobar contributions to the 1~ wave in reaction (2) are
shown in fig. 5, and, as shown by the curves, these waves are well described
by a model with two 1- Breit-Wigner resonances. The higher mass state, with
M=1735= 1041 20 and ' = 423 £ 1B = 30, couples to both channels; while the
lower mass state, with M=1420+ 7+ 10 and T = 240+ 18 + 12, is nearly decou-
pled from the Kp channel, and its production characteristics suggest a weak K
coupling as well. This behavior is corroborated by the P wave Kx amplitude
shown in fig. 6, which has clear resonances around 890 and 1700 MeV/c?, but
a model incorporating only these two resonances is incapable of describing the
data in the 1400 Mev/c? region as is indicated by the dashed line. However,
the three resonance model shown by the solid line provides a good description
of the data in terms of the K*(892), a resonance at M=1380 £ 21 + 19 MeV/c?
with an elasticity of 0.07, and a third resonance at M=1677 &+ 10 + 32 with an
elasticity of 3,39, in good agreement with the charact: ristics of the states seen
in reaction (2).
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Fig. 5. The individual isobar contribu- (b) of the P wave Kx amplitude
tions to the 1= wave from reaction (2). from reaction (1) below 1.84 GeV/c2.

It is simplest to associate the higher state with the 13D, state based gn
the small triplet splitting and the agreement of the branching ratios with SU(3).
Though mixing is not excluded, the lower state then would be mostly the first
radial excitation of the K*(892). The suppression of the K7 decay mode of
the lower mass state is understood in some models as being a dynamical effect

resulting from the presence of 2 node in the radia) wave function.
The PWA of reaction (1) also provides clear evidence for two structures

in the S wave. The first, which can be seen at around 1.4 GeV/¢? in fig. 7, 5
generally classified as the P, triplet partner of K3(1430), and has been seen by



several earlier ecpuimenu.’ Determi- . ' T ' T
nation of its resonance parametersiscom- 3 gg | ‘¢! sl -
plicated by the large elastic phase shift &

in the low mass region and the proxim- 3 04 -
ity of Kn' threshold, and the param- o | . o
eters are therefore quite model depen- 2 wo |
dent. The fit shown by the line in the 3 o3

figure uses the model developed by L "s-l
Estabrooks'? giving the values M=1412z 2 %0 4
1 MeV/e2, T = 204 £ 4, and elasticity £ ol 4 L 1 1

&« = 1.0+ 0.05, where the errors are sta- o8 10 12 14 s
tistical only. On other hand, the phase = Mipe (Gevied)  oan
shift reaches 90° at ~ 1340, and other Fjg, 7. The intensity and phase

models suggest that the resonance mass  of the [ = 1/2 § wave amplitude

lies close to this point.” from reaction (1) below 1.6 GeV /2,
.2 T 2 ' I B R ¢
There is a second S wave struc- S aal ) Psi ] ol ™ sl ]
ture at around 1.9 GeV/c® shown in A 1 0 i
fig. 8. Though there are two solu- ;'o.d—‘/\“'— 04 [ o TN -
tions in this mass region, they both F . - L
show resonance behavior with approx- < © — 0 bt .
imate parameters M~ 1950, ~ 200 'r.': i 7 200 .
MeV/c?, and ¢ ~ D.5. Within the & w00 ’/T“H i / 1
quark model, thir state can only be | | W s ]
classified as a radial excitation of the 2 i y
0" member of the L=1 triplet, most ¢ 0 —L——= T

probably the 23 P, state. The 2* wave
from reaction (2) also demonstrates
resonance behavior in this same mass
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(M=1973 + 33 MeV /2, T =
373193), which most probably is the
radial excitation of the K3(1430) and
the triplet partner of the 0% atate.

Fig. 8. The intensity and phase of the
S wave amplitude from reaction {1)

for the two solutions, {2} and (b), in
the mass region between 1.76 and
2.14 GeV/cl.

The reaction

Kp—~Knp; (3)
in [ articularly interesting since SU{3} makes the stiriking prediction that the
Kn branching ratios from even-spin K~ states will be very small, while those
of odd-spin states should be substantial. The K mass spectrum of fig. 9(a),
and the results of the PWA shown in fig. 2(b) demonstrate that this prediction
is indeed correct. Production of the K3(1780) is secn clearly with a branching
fraction to Kn of 7.5 + 2.4%, while the 95% confidence level upper limit on the
Kn branching fraction of the ¥7(1430) is measured to be 0.45%.

Figure 10 summarizes the K~ spectrum observed fram this experiment in
the channels discussed today. The observed leading states lie 02 an essentially
linear orbital ladder that extends up through the 5~ K*, Several of the expected
triplet multiplets have now been seen and there are good candidates for radial



states. In general, the parameters of these states agree well with the predictions

of the quark model,' with some exceptions which are discussed in the concluding
section. We have measured r transitions from most of these states as well as
transitions to vector, and in some cases, tensor and 1 mesons, and, in general,
the decay rates are consistent with those predicted by SU(3).

el -———_——J 00 T—T"T T
{a) (ol

Iol,,2
400 |

150 - -

EVENTS/28 (Mevrc?)
3
— r
1
EVENTSISO {Meveed)

iy

{omn?) My-p  bGevn’l

¢
e 1 0 |+ )
10 20 1.2

res M‘.., Auakny
Fig. 9. The Kn mass dependences from reaction (3) for: (a) the raw data with
M(np) > 2.0 GeV/c? and M(K~p) > 1.85GeV/e?; (b) the intensity distribu-
tions for D and F waves; the Breit-Wigner curve on the D wave indicates the
95% c.l, limit for K3(1430)} production, while the curve on the F wave indicates
the Breit-Wigner fit to the K3/1780).

8 '%312380

a* KLL2060)
2°%3090 >
. 3
C*xga1950) 3°x3 (17800

1"K® (1790

Py i

e'u;‘m:}m
VoA -
— T emuitign
""" A ETRSTIQA
1 w@oz - —-—— g eTuALeOf
car Sbidi 6 mia9a)

(120 ERT

Fig. 10. Level diagram summarizing the strange meson states and transitions
seen in this experiment.



83 SPECTROSCOPY

The sirangeonium mezons are of particular interest since several candidates
for exotic mesons, as discussed at this conference, couple strongly to the same
final states. The reactions

K-p— K-K*A (4)
K~ p— KSKZA (5)
K- p— KJK=x%A (6)

are dominated by peripheral hypercharge exchange which strongly favors the
production of s3 mesons over glueballs. Thus, these channels provide a clear
look at the strangeonia, which can provide revealiag comparisons with the same
final s.ites produced in other channels that might be glue-enriched. Only a
very short review of the material of direct relevance to s3 spectroscopy is given
here. More details were given to this conference in the talk of D. Aston, and in

published papm.a"”

In neither case is there any evidence for
the #{1720). Amplitnde analyses of these i—

data (fig. 12} display the expected P wave oo Ma wn (Gevr?s
strocture for the ¢{2020) and D wave for '
the f31{1525). In addition, the S wave in- < 3 ' l

The mass spectrum of fig. 11(a) for Y0 F"'} P
reaction {4) shows bumps corresponding <= __ $ q :
to the known $(1020) and f3(1525) lead- § *°T :
ing orbital states as well as a amaller bump f, |
in the ¢(1850) region. Only the f}(1525) < “© l B
is observed in fig. 11(b) for reacion (5) 5 r
since it is restricted to even £pin states. % Y] 4

’ J

<

-1

34

tensity {fig. 12(d}] from reaction (5) ap-
pears t{o peak around the f7{1525) mass.
Although the errors on the individual

points are large (and non-linear), the data
require the existence of an S wave in this
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1.

region at about the 50 level. Thissuggests L L‘_m_;uﬁq;_\__ I

the existence of a 0% resonance which is P R e
most naturally interpreted as the triplet -
pariner of the f;(lszs),‘ and leadsus to  °" i "o

suggest that the fo(975), which is usually Fig. 11. The KK mass ,pecira
assigned to this multiplet, may not be a from ({a} reaction (4); and {b)
qq state, reaction (5;.

The F wave intensity distribution of fig. 13(a) shows a structure in the
1850 MeV/c? region which can be simply associated with the ¢;(1850) bump
in the mass distribution jfig. 13{b}). A Breit-Wigner fit 10 the F wave ampli-
tude of fig. 13(a)} gives parameters M=1855+22,I' = 74 £67 MeV /3, while a fit
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Fig. 13. The mass region around 1850
MeV/e? [rom reaction (4); (a) the F wave
intensity; (b) the mass dependent total
cross seclion.

to the cross section gives M=1851 +
7,I' = 66 £29 MeV/c?. We have also
shown that the interfesence between
53 resonance production and diffrac.
tive N* production can be utilized to
analyze the leading the s3 amplitude,
and this method gives results consis-
tent with the above for the F wave.®
An extension of this method has been
utilized to analyze the G wave ampli-
tude in the 2.2 GeV/c* mass region.
Fig. 14 shows evidence for a 4* state
{tke f;(2210) which is a good candi-
date to be the mainly 53 member of
the 4*+ nonet predicted by the quark
model.



The most proniuent features of the KKr
mass distribution |fig. i5(a)] from reaction
(6) are a sharp rise at K™K threshold fol-
lowed by a peak around 1.5 GeV/e?, and a
second peak zround 1.85 GeV/c?. The PWA
ahows that the low mass region is dominated
by 1* K™ waves, while the higher mass struc-
ture contains evidence for peaks in the 2~ and
3~ waves. The 1t waves can he combined
to form cigenstates of G-parity as shown in
fig. 15{b) and 15{c). These distributions
are well described by Breit-Wigner curves as
shown, and, assuming I = 0, provide good
evidence for two 83 axial-vector meson states:
one with quantumn nambers JPC = 1++ M~
1530 MeV/c2, and T ~ 100 MeV/c2, and the
other with JFC = 1t M~ 1380 MeV/c3,
and I ~ 80 MeV/e3. These states are good
candidates to be the mostly strangeonium
members of the ground state 1+ and 1+~
nonets predicted by the quark model.
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Fig. 14. The mass dependence
of the interference between the
Gy and diffractive background
amplitudes from reaction (4).
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Fig. 16 summarizes the strangeo- T decte Lo e g _

nia cbserved from thi xperiment in

the channels discussed today. The

general features of the spectrum are .

reminiscent of the K* spectrum dis. oome ' ——

cussed above. The cbserved leading Y :
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states lie on an essentially linear or- )
bital Jadder that extends up through = —vieue,
the 4 1. and there are good candi-
dates i:r the triplet patiners of the ™,
74(1523). Except for the ground state “‘-,._“.
pseudoscalar, the states appear to fit K‘x
into SU(3) multiplets which are con-

sistent with magic mixing, and the ..
parameters and decay transitions of

: Fig. 16. Level diagram summarizin
these states agree well with the pre- thg strangeonium E:-teson states am!g
dietions of the quark mode], !

transitions seen in this experiment.
CONCLUSION

The more that is learned about the light ¥ spectra, the simpler and more
prorounced the experimental regularities seem to be. An optimistic reading
of those regularities from the data reviewed here Icads to the suggestion made
by Isgur at +his conference that the spectra are “too”™ simple, and fit the non-
relativistic quark model extremely well. In particular, the many states seen
here fit naturally into the predicted ¢J levels, with erbital excitationa lying on
linear trajectories and rather small triplet (L - S) splittings. The flavor depen-
dences between spectrs are also very simple, and, except for the ground states,
the singlet-triple. splittings seem small and the nonets are approximately mag-
ically mixed. Moreover, SU{3) predicts most of the decay rates well, and the
production processes are fairly well understood.

Yet, important questions remain. First, it must be recognized that few
triplet or singlet-triplet splittings are well measured, and-many of the high mass
orbital states have large errors on their masses, so that many of the detailed sys-
tematics indicated by these data need substantially more study. Second, there
are a number of indications that all is not well with the optimistic pizture of
the ¢7 system painted above. In particular, the 235, K*(1410) seems to lie much
lower in mass than simple predictions would indicate, and its small coupling
to K= indicates a breakdown in the simple SU(3) model of decay rates, per-
haps pointing to a need to include radizl wavefunction dynamics in the maodels.
Finally, with the rather complete picture of the low mass ¢J systems &s given
here, it is becoming increasingly clear that several states seen primarily in other
produciion modes have no convenient home in the ¢ sector. For example, low
mass 0** systems have been confusing for many years, and it now seems quite
clear that there are “too many” such states. Moreover, as has been extensively
discussed at this conference, the E/¢ and #(1720) regions contain many puzsles.
These observations point to the existence of meson physics beyond the quark
n]:odel and lead to the hope that these new spectroscopies soon will emerge more
clearly.
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