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ReactionK p— 797°A was measured at eight inciddtt momenta between 514 and 750 MeM/sing the
Crystal Ball multiphoton spectrometer. The reaction dynamics are displayed in total cross sections, Dalitz plots,
invariant-mass spectra, production angular distributions, and\thmlarization. Then’#°A production is
dominated by ther®3°(1385 intermediate state; no trace of other lighit states is observed, and the role of
the f,(600) meson appears to be insignificant. A striking similarity is seen betwegn- 7°#°A and 7 p
— 7%7%; this can be understood as a consequence of dynamical flavor symmetry.
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An important objective of nuclear physics is an under-A* of the same spin and parity but about 150 MeV heavier,
standing of the mechanism by which energy is changed intas is observef?]. We like to explore the possible occurrence
mass. One of the simplest processes to study’iproduc-  of dynamical flavor symmetry in a tree-body final state. Spe-

tion in reactions such as cifically, we want to investigate whether the main features of
the K'p— 7°7°A reaction are closely parallel to those of
K p — 797°A. (1) 7 p— 7"#"n [3]. Dynamical flavor symmetry has already

been observed in the simple two-body final-state reactions
In the isobar modef1], meson production is dominated by K p— »A and 7 p— #n [4].

the excitation and decay of resonances in intermediate states, There are no recent measurements of reagtiginthe old
baryonic as well as mesonic ones. For the description ofiata date back to the bubble-chamber era with large uncer-
many nuclear reactions at moderate energies, one needs thgnties in the result§s,6]. In this article we present results
occurrence of a strong-wave dipion interaction, now called of the first extensive measurement of tiep— 7°#°A re-

the fo(600 resonance, but better known as thhenesonic  action at eight incident<~ momenta between 514 and
state withl,JP=0,0". Thef, is expected to play a signifi- 750 MeV/c, corresponding to center-of-ma&m) energies
cant role in 7° production via the sequential process 1569—1676 MeV. The chief objectives of the experiment are
K p— A*—fo(600A — 797°A, which would be the to determine the dominant features of the reaction mecha-
meson-resonance route. The other option is the procesgsm and to measure the total cross sections for rea¢tipn

K p—A*— 7291389 — 7%7°A with the baryon- with good precision. In this energy range, there are three
resonance route. The most reliable way to probe the resawell-established\* states: the three-staﬂ(lGOQ%Jr with T
nance routes of® production in reactiorl) is the exami- <150 MeV, the four_stay\(1670%_ with '~ 35 MeV, and

. . 0.0n £ S|
nation of the Dalitz plot of ther"#’A final state. the four-starA(169Q§ with I'=60 MeV. Of special inter-

In QCD calculations, thes quark has the same strong . , 1+ i
interaction as thel quark, except for the effect of the mass- e%t e a search for evidence of tg1600; state in the
difference term, which reflects the fact thah,—my 7 m A cross-section energy dependence. The above three

~150 MeV. This is the famous flavor symmetry of QCD States are the flavor analogs of IN({L440%+_(or the Roper
that is used to relate the masses of various baryonic angsonancg theN(1533% , and theN(lSZQ% , respectively.
mesonic states. For instance, for evéfystate, we expect a Therefore, the salient features of reactidn in the energy
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TABLE |. Summary of the results for reactiddp— #°#°A. Content of rowsi(1) beam momentum and its spreg@) number of
K-p— 7°7°A candidates(3) total cross sectiom(K-p— 7%7°A), where the uncertainties are statistical only.

Pk-top [MeV/c] 514+10 560+11 581+12 629+11 659+12 687+11 71411 750+13
Nexp 766 1613 2475 2993 3173 3627 4029 7837
(K p— 7°7°A)[mb] 0.65+0.03 0.78+0.03 0.74+0.02 0.85+0.02 0.80+0.02 0.83+0.02 0.87+0.02 1.09+0.02

range under discussion can be compared to the features BC events were then propagated through a &EhNT (ver-
7 p— w°7°n at c.m. energies that are equivalent to tie  sion 3.23 simulation of the CB detector, folded with the CB
production. resolutions and trigger conditions, and analyzed the same
Our measurements df"p— 7°7°A were performed at way as the experimental data. Based on the analysis of simu-
Brookhaven National Laboratory with the Crystal B@liB) lated data, the average detection efficiency for phase-space-
multiphoton spectrometer, which was installed in the CédistributedK p— 7°7°A — 37°n events, after applying our
beam line of the Alternating Gradient Synchrotron. Theselection criteria, varies from 20.1% pg-=514 MeV/c to
Crystal Ball consists of 672 optically isolated I&l) crys-  17.3% atpx-=750 MeV/c. To study the acceptance depen-
tals that cover 93% of # steradians. A momentum-analyzed dence on the invariant masses, we used the Dalitz plot of
K~ beam was incident on a 10-cm-long liquid hydrogen tar-m?(7°z°) vs m?(#°A). For studying the acceptance depen-
get located in the center of the CB. The mean valpesof  dence on the production angles, we used the dipion produc-
the incident momentum spectra and the momentum spreatbn angle(the two 7%s that are not from the\ decay, the
o, determined at the target center are listed in Table I. Thelirection of which in the overall c.m. system is just opposite
precision in determining the mean momenta is 2—3 MeV/ to the A direction. The overall acceptance for th@7°A
More details about the CB detector, its resolutions, the trigDalitz plot was found to be almost uniform for each beam
gering system, and the data analyses can be found in Refsiomentum. The largest dependence of the CB acceptance

[3,4,7-9. was found to be org*, which is the angle between ther2
The A hyperon is identified in the CB by its decay #6n. direction and the beam direction in the overall c.m. system.
The candidates for reaction The CB acceptance decreases by a factor of three from back-

ward to forward angle#*. The dependence of the Dalitz plot
K p — 797°A — 37°n — 6yn (2 acceptance o* has been investigated as well. At smé|

the acceptance decreases for smal(7°7%). To take into

were searched for in the neutral six-cluster and seven-clust@iccount these features in the CB acceptance, we compared
events. The software threshold of the cluster energy wasvo methods for the acceptance evaluation. In the first
20 MeV. Theseventh cluster is assumed to be from themethod, the experimental c@5 distribution was corrected
neutron. All six-cluster and seven-cluster events were subby its acceptance. In the second method, the data were di-
jected to a kinematic fit to test the hypothesis of beingvided into four equal intervals in ca&’, and the Dalitz plot
reaction(2). The z coordinate of the primary vertex and for each interval was corrected by the individual acceptance.
the decay length of the\ were free parameters in the The largest difference in the acceptance evaluation for the
kinematic fit. The effective number of constraints for the two methods was less than 4.5%. The second method of
fitted hypothesis was three and five for six-cluster andacceptance evaluation was used for the calculation of our
seven-cluster events, respectively. The kinematic fit wagotal cross sections.
performed for every possible pairing combination of six = There are two sources of background events that contami-
photons to form threer®s, one being ther® from the A nate ther’#°A data samples; they must be subtracted before
decay. For six-cluster events, there are 45 such permutdhe acceptance correction. The first background iskhe
tions of the six photons. In case of seven-cluster events; 7%%— 7%yA —5yn reaction, which can produce six-
this number is seven times larger, since the neutron clusteruster events by splitting a single-photon cluster or by de-
is also involved in the permutations. Events for which attecting the neutron in the CB. This background process was
least one pairing combination satisfied the hypothesis oestimated by determining the probability for the simulated
reaction(2) at the 5% confidence levéC.L.) (i.e., witha K p— #°2° events to be misidentified a®#°A candidates.
probability greater than 5%were accepted as®z°A  As an input for the simulation of this background, we used
event candidates. The pairing combination with the largestne K-p— #°2° differential cross sections that we have mea-
C.L. was used to reconstruct the kinematics of the reacsured at each beam momentum in the same experiment. We
tion. The number of experimental events selected agstimate that the fraction of the’>° background in our
797°A candidates at each beam momentum is listed inm®#°A data is 3—4%. The second source of background are
Table | asNgy, processes that are not kaon interactions in the liquid hydro-

To determine the acceptance, a Monte C&lliC) simu-  gen target. The major fraction of those &te decays in the
lation of K"p— 7%7°A — 37%n events was performed ac- beam. This type of event was investigated using the data
cording to phase space. The simulation was made for eadlaken with the empty target. The fraction of this background
experimental momentum, using the experimental beamvaries from ~12% at px-=514 MeV/c to ~6% at pk-
trigger events as input for the kaon-beam distributions. The=750 MeV/c.
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FIG. 1. Kinematics distributions fd"p— 7%7°A at px-=659 and 750 MeVé: Dalitz plots of m?(#°7%) vs m?(#°A); both projections
of the Dalitz plots; the co#* distributions in units mb/sr; thd polarizationP,. The dashed curves in tme?(7°A) andm?(7°7°) spectra
are them®7°A phase-space distributions normalized to the number of the experimental events. The arrowdtwthe) spectra pointing
up marks the2%(1385 mass, and the arrow pointing down marks the mass of the on&-&t480.

In Fig. 1 we show ther®#°A experimental distributions #°7°A data have a striking similarity to the features of the
obtained for two beam momenta, 659 and 750 Me\&fter 7 p— 7°7°n reaction produced at c.m. energies between the
background subtraction and acceptance correction. The diN(144()%+ and N(1535§_ [3]. To illustrate these similari-
tributions for the full data set can be found in Ri. Figure  ties, we compare, in Fig. 2, the’7°A Dalitz plots obtained
1 includes the Dalitz plots ofr®(7°#°) vs m?(#°A), the for forward and backward dipion angle® to the corre-
projections of the plots on both axes, the @glistributions ~ sponding=°x°n Dalitz plots.
for the dipion production angle, and thepolarization. Since The cos#* spectra shown in Fig. 1 are in units of mb/sr,
the invariant mass of the®A system is calculated for each so that they can be considered as the differential cross sec-
of the #”s, every event has two entries in a Dalitz plot. The tions of reaction(1). The A polarization has been obtained
experimental spectra fam?(7°A) and m?(#°#°) are com- from its decay asymmetry P(cos#")=3(Z; cosp)/
pared to the corresponding phase-space distributgimsvn [, N(6")], where the definition of anglg is similar to the
by the dashed curvgswhich are normalized to the number one of Ref.[12]. The weak-decay asymmetry parameigr
of experimental events. was set equal to 0.645.

The manifestation of th&%(1385 state is clearly seen in Our results for the total cross section of react{@n are
them?(7°A) spectra. The Breit-Wigner mass of th&(1385  given in Table I. The uncertainties listed for the total cross
in the m?(7°A) spectra is marked by the arrow pointing up. Sections are statistical only. To calculate the cross sections,
The location and width of ouB%(1385 peak is in good We used the branching ratio 0.358 for the—7°n decay
agreement with the known parameters of this hypga@.  [10]. Our results forr(K"p— 7%7°A) are shown in Fig. 3 as
The mass of the one-st&(1480, which is an exotic hy- @ function of the beam momentum. The energy dependence
peron resonance candiddil], is marked in them?(#°A)  Of oW 'p—7°7°A) has a broad shoulder around the
spectra by the arrow pointing down. In our data, we do not\(16003 " state. The strong rise @k-=750 MeV/c is due
see a trace of either this controversial state or other kght

states. A visual examination of the Dalitz plots and their 503 _1<°?:-G§.<‘0~5 . ~1<cosg’<-0.5
projections is sufficient to see that thg600-meson contri- s % ‘

bution is insignificant. An important feature of the@n°A —~002 ? 02

data for all beam momenta is a strong asymmetry in the o+

density of the events as a function of th@z° invariant o areemanseiinc | 04

mass. The number af®7°A events with a largen(7°#°) is P..=750 MeV/c P,.=733 MeV/c
considerably larger than with a small one. The likely expla- 15 2 25 1 1.5 2
nation for such an asymmetry is the interference of the tran- 2 [05<cos0<l. 05<coso <1

sition amplitudes. Note that processK'p—A* 0.3 E 0.3 1282883 :

— 7%39(1389 — 7°7°A involves two 7’31385 ampli- 8 L

tudes due to the coupling of each of the tw®s in the final &02 : 0.2

state to theA by the 2°(1389 isobar. The interference of i; oFRe”

these two 7°2%(13895 amplitudes distorts thex%(1385 g 0.1 e 0.1

—7°A decay angular distribution from the specific shape P=750 MeV/c

defined by the initialA™ state. Another interesting feature of " mZ(ﬂoAf (GeV? /c?]'s ! mZ(ﬂJn'; (GeV? /04]2
the 7°#°A events becomes apparent when the data are di-

vided into subsets for different cas. A strong correlation FIG. 2. Comparison of the®7°A (left) and #%#°n (right) Dal-

between the shape of the(#°7°) spectrum and the dipion itz plots obtained for backwargtop) and forward(bottorm) dipion
production angle is found. The features observed for theroduction angles.
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319 In summary, reactiolK " p— 7°7°A has been measured
E ® This work ] for eight incident momenta between 514 and 750 MeV/
< a London, 1975 . The experimental Dalitz plots and invariant mass spectra
& 1 © Dombeck, 1973 _% 7 show that #°7°A production is dominated by the
) RalE ool 7939(1385 intermediate state. No trace of the one-star
o + % 2.(1480 or other light>* states was observed. The contribu-
E;,O»S i 1 tion of thefy(600 meson tor°#°A production appears to be

insignificant. A strong dependence of the Dalitz plots density
on the dipion(or the A) production angle is observed. The
ol—5= 5% 55 55 total cross sectionr(K'p— 7°7°A) rises gradually from

K™ momentum [GeV/c] 0.65 to 1.1 mb with a hint of a broad shoulder around the
A(16003 *. The magnitude of(K"p— 7°7°A) is relatively
FIG. 3. Total cross sectiony(K'p—nn%A) as a function of |arge. At pc-=714 MeV/ic, we have o(Kp
the beam momentum. Our results are compared to the old measure; m°1OA) [ o(K p—m°A)~0.3. It is similar to ratio

ments of this channel, see RefS.q]. o7 p— 7%71°n)/ oy(m p— 7°n) at energies of equivalent

range of the dipion invariant masses. Finally, we would like
to stress the striking similarity that is seen when comparing
Bur experimental distributions fok p— m®7°A and the
ones form p— 7%7°n [3]. The similarity in the Dalitz plots

to the onset of theA(lG?O% h andA(lGQQ% " resonances. In
the same figure we also show the results of the old measur
ments[5,6] of reaction(1). Our measurement favors the re-

sults of Ref.[6]; however, the statistical uncertainties of the and the proportionality of the total cross sections for these

old experiments are too large. . .fwo processes are an impressive testimony of the applicabil-
The systematic uncertainty in our total cross sections .'?ty of broken SU(3) flavor symmetry to reaction dynamics.

estimated to be about 7%. The major contributions to thlsF ither discussions of the features%° production by~
uncertainty are the acceptance evaluation, the backgroun{ﬂzJ dK- are presented in Ref2] P ym

subtraction, the calculation of the number of incident kaons,

and the evaluation of the fraction of good events lost due to  This work was supported in part by the DOE and the NSF,
pileup in the CB. An independent measurement of reactionNSERC of Canada, the Russian Ministry of Industry, Science
K'p—#°A and K'p—K°n in the same experimenf9] and Technologies, and the Russian Foundation for Basic Re-
shows good agreement with the published bubble-chambesearch. We thank SLAC for the loan of the Crystal Ball. The
data[13] for the total as well as differential cross sections; it assistance of BNL and AGS with the setup is much appreci-
supports the reliability of our results fer(K p— 7°7°A). ated.
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