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ANTTHYPERON AND ANTIPROTON PRODUCTION IN K p INTERACTIONS AT 9 GeV/c'
D. Lissauer, G. Alexander,* A. Firestohe, and_G} Goldhaber
Department of Physics and Lavrence Radiation Laboratory
University of California, Berkeley, California 94720

November 17, 1969 _

ABSTRACT
' | . N B _
We have analyzed the reactions of the type K p —>:YNN(n) in
+ o ‘ - - = v
K p interactions at 9 GeV/c, where Y refers to a A or X antihyperon.

We have also studied the production of = in ﬁhe reaction I<Z+p_'~9
';;YN(n) and of antiprotons in the reaction Kp - K+p§p. With

twice the data previously repofted we Observe again ajlow mass

enhancemenﬁ in the AN final state and alsd'observe.some indications
of a similar enhancementvin the non-exofic ;EN finai states. This

enhancement has the quantum numbers of an I = 1/2 K resonance’

‘with mass M = 22L0%20 MeV and width T = 8020 MeV.

1-Work supported. by the U. S. Atomic Energy Commission.
¢Permanent address: Department of Physics, Tel-Aviv Universiﬁy, Tel—Aviv,."

Israel.
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1. INTRODUCTION

In thé preSeht paper we present the final'analysis of our data on anti-‘
hyperon and antiproton pfoduction in K+p'intefactibﬁs atv9 GeV/él). Preliminary
.results dn some of the final stateéband.the experimental procedures used have
been described‘in the literature2’3);

The studyvoflthe fN final staﬁe affords the opportunity to study possiblé
higher mass K*'reéonances, which méy not appear'distinctly‘in the' K+T+ m
(m 2 1) decay modes due to the large béékgrounds present. Furthermore, evidence
for NN decay bf highgr-mass ﬁonstrange mesons has been.repdrtedu), and similar
decays of higher mass‘K*-resonanceé into YNﬂisvthus expected to occur. In
addition, arguﬁenté havé been given for ﬁhe existence of exotic boson resonances

5).

which might decay primarily into baryon-antibaryon final states

2.. EXPERiMENTAL

Thé present sfudy wés cérried out on ~ 200,000 picﬁures taken with fher
80-1inch hydrogeh'bubble chamber aﬁﬁthe Brookhaven National Laboratory AGS,
which was exposed to an rf—sepafated 9—GeV/c K+ beam. - Events having a visible
v° decay were'meaéured with the LRL Flying Spot.DigitiZer. Remeasures and
.events having at 1éast one chargéd decay were digitized on a conventional
méasuring.machine. The eventé were spatially reconstructedvand kinemgatically
fitted in the program sioux.

‘All events kinematically consistent with at ieast one antilambda.prbduc-
tion fit were eiamined on the scan table by a physicist to check ionization
vconsistency aﬁd tp resolve kinematic ambiguities. All events kinematically
consistent with the three constraint antilambda decay fit but not kinematically
consistent with any antilambda production fit were remeasured. This procedure

was repeated three times to correct for failures due to measurement errors.
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of fhe 306 eventS in the complete sample kinematically cdnsistent with at least
one antilambdafproduction fit, 102 events were also kinematically consistent
with the threeiconstraint Ko_decay fit-‘ A total of 57 of theée eventévwere
either’judgedbon fhe scan table to be Ko_decays or remained ambiguous and

" were not included in this sample.' A1l efents kinematically consistent with

a charged'antisigma dr charéed anticascade decéy Qere exaﬁined on the scén
table by a ﬁhysicist aﬁd only those events uniéuely determinéd by ionization

consistency as antisigma or anticascade events were included in this sample.

. : + -
Although this procedure is necessary to obtain a pure sample of 3 and = -

. : + - : :
events, it does reject some real ¥ and = events which results in an under-

estimate of the cross sections involved. It is for this reason that the cross

éections for the_Zi and = states quoted in Table 1 are pféSentéd as lower
Alimité. The four-constraint, four-pronged reaction, K+p - K+p§p is identified
unambiguously.by'kinematics and scan’tabie_ionization- Table 1 lists the

number of events identified in each final state and its corresponding cross
section. The cross sections quoted have been corrected Bth for decay in

neutral modes and escape probability. The errors gquoted are’purely statistical.

3. ANTILAMBDA PRODUCTION
- The three constraints of the A - 5n+ decay fit; coplanarity, transverse
momentum ba;ance, and ihvariant mass, in addition to the idehtification of
the antiproton on the scan table by ienization measurgmenf, serve to identify
the antilambda decays unambiguously. The nmeasured lifétime of "the complete
sample of 2h5 A decays is 2.42%0.20 X 10710 sec in good-agreement witﬁ the

value quoted in the Particle Data Tables for the A hyperoné). Of the 55 events
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listed in Table 1 as App + = pp, 28 events were kinematically ambiguous between
the seven-constraint multivertex interpretation Kpp and the five-constraint

multivertex interpretation Zopp- A totél of 23 events were didentified unambig-

uously as Kpp and 4 events as Zopp. In our sample, the events ambiguous between

a 2° or A interprétation show a backward peaked angular distribution for the

f in the EB center of mass, while real EB - TA decay would have an.isétropic'
IS anguiaf distribution in fhe 56 center of mass. We have -also investigated

the ambiguity by Monte-Carlo techniques, and found that a real EB event rarely
fits a A hypothesis but that a real A will easily fit a less constrained EB
hypothesis. Thus we believe that all our ambiguous events are in fact A

events, and for brevity refer to the combined pr aﬁd Eapp Sample simply as

pr, but note the presence of a ~ 7% Eabp‘contamination. The four—body final
states gsppﬂo and gapnn+ are underconétrained and thérefore could not Be identified
-in this experiment. We cannoﬁ, however, rule out the possibility that a fraction
of the events which fit prno or Xpnﬂ+ are in fact the correspbnding EB fit.

“ In order to study the AN system we first examine the production mechanism
of the three final states Kpp, Kppno, and Xpnn+. Figure 1 shows the éenter-
of-mass angular corfelations of the nucleons in these three final states.

The Kpp events are highly peripheral with one proton emitted forward in the
production center of mass (cos Gp > 0) aﬁd the other emitted backward (coé Gp < 0).
The nucleons in the Kppno and Kpnn+ even£s show a similar strong peripherél
signal but in these cases there is also some nonperipheral background. The
A angular distributions in the production center of mass are shown in Fig.
22, b, and c. Invthese final states the A is peakéd in the forward direction.
. In both'prgo‘and Xpnrr+ final states, the pion angular distribution in the
céntér of mass (Fig. 2d) shows only a small forward peak above a largely .-
isotropic distribution.

In view of the highly peripheral nature of the large majority of the

events, 1t 1s reasonable to assume that a hucleon—antihyperon pair is produced

+
at the incident K vertex, the nucleon backward in the production center of
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mass 1s produced at the target vertex, and that thé production mechanism is

dominated by'Pomeranchuk or nonstrange meson exchange. For events with an

?

additional pion it is not clear, from the present data, at which vertex the

pilon is to be assigned in such an exchange diagram.

In Fig. 3.we plot the antihyperon-pion and_baryon—pion mass distributions’

- - +
for the four-body final states Appno and Apnnt . There is no clear evidence

*

_ 1385
L, . : + . . . . .
61236 signal in Elg. 3¢, a weak A1236 signal in F}g. 3d, bqt none in Fig. 3e. 

for the Kn‘deCay of the Y in Fig. 3a and 3b, and we observe only a weak

The ANw mass distributions (not shown) do not show significant.structure in

“any of the three charge combinations. Thus in the four-body events, the pion

does not appear to be strongly associated With any of the other particles.

-To exploit thé‘peripheral features of the data we impose & peripheral cut on

the events, l.e., we select only those events in which one nucleon is forward

in the production center of mass (cos 6_ > 0) and the other nucleon is backward

N

(cos 6, < 0). This peripheral cut selects a total of 183 events in the three

N
' - - -+
final states App (52), Appr" (28), Apnr (103).

Tn Fig. 4 we show the Dalitz plot for the App events, ME(Kpf) Vs Mg(pr).

There is a clear concentration of events in the low Mg(xpf) region. - In Fig. 5

we show the projection ME(Kpf). In Fig. 6a we plot the A-nucleon mass distri--
v . _ B B . .

bution for all 237 events in the final states App, Appno,vand.Apnn , with two

mass combinations plotted rer eVent. In Fig. 6b we plot the same mass distri-

bution for the 183 peripheral events where only the forWard nucleon mass combina-

‘tion is plotted. In both céses we observe a strong low-mass AN enhanéement,

but from the present sample we cannot ascertain with certalnty the nature of
this enhancement. If we interpret it as a K resonance, the best parameters
corresponding to a Breit-Wigner shape are found to be M = 2240%20 MeV and

I' = 8020 MeV with LO*10% resonance production.
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To further explore the AN mass enhancement region (2}20 to 2.28 GeV) we :
have studied the decay angular distributlon of this system as well as the A
polarization. In Fig 7 we show the dlstrlbution in the decay angle of the
KNf system'in the AN rest frame (Jackson angle) ) with o defined as the angle
between the 1nCident K and the A for events in the enhancement region (Fig. j v
Ta), and in two MO—MeV bands on either side of the enhancement‘(background
Fig. 7b); Ihe distrihution in cos ¢ is etronéiy hackward peaked outeide‘the
enhancement reglon while it is consistent w1th an 1sotrop1c dlstributlon tafter
.subtractlon of background, see Fig Tc) 1n51de the enhancement region. . The
distribution in @ (Trelman Yang angle)rewals no strong distinguish1n6 features
(not shown). The polarization of the A along'the normal to the,production

plane of_the\KN system was calculated from the decay direction using the

f
value a(X) = - a(A) = - 0.64 for the decay parameter av6l We find the
-polariiation to e 0.45%*0.20 in the "enhancement region" and -0.002+0.11
outside this region. Figure 8 shows the polarization as a‘function of the
KNf_mase.. The only indication for nonzero poiarization_is'in the enhancement
region.' |

If the enhancement in the AN mass isvto be interpreted as a K* - AN
resonance decay its isotopic spin would be i/2. An isotopic spin value of
3/2 is possible only if the X—antihyperons.in the enhancementvregion are in

fact the decay products of Zo—antihyperons, but this is not the case as was

shown previouslyg). ‘ | : »‘ .

4. ANTISIGMA PRODUCTION - : BRI

In order to ascertain the reliability of our sample of charged S events

v - —
we have calculated the lifetimes of the £ , ¥ using the maximum likelihood

method, and have found them to be T(I ) = 1.uf8'§§ x 1071 sec, ana (=)

[
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+0.3

0.92 5 77 X 10710 sec which are consistent with the lifetimes given in the

. » _ ) N _
Particle Data Tables for the £ and 2 hyperons respectively6).

' ’ - + ' o
To study the nature of events with X production we examined the seven

. T T - T a0 T4+ o+ o+ + o+ T+ o+
final states & pn, £ pprx , & ppnno, Z pam mw , X ppnm no, > ppn o, and Zopnm ow..

S . : . T _
- Figure 9 shows the angular distributions of the nucleons and 2 in the produc-

tion éenter of mass. Wevndte that in all cases the nucleons are both forward

and backward peaked, and that the £ shows.similar behavior. We further note
o ‘ — o .

that the forward and backward peaks for the I -antihyperons are approximately

equal in_maghitude. If we assume the reaction proceeds via peripheral diagrams

with single particle exchange then the forward f—antihyperons are most likely

produced in a diagram such as that shown in Fig. 10a while the backward =-

-antihyperons are most likely produced by a diagfam such as that shown in Fig.

- 10b. Figure 1l0a could include Pomeranchuk exchange, n,'or p exchange while-

that in Fig. 10b involves Y of Y*lexchange. A Eriofi one.would'expect Fig;_
10a to doﬁinate this reaction at high'énergies but it appears that both
diagrams contribute about equally in this expefiment.

In-Fig..ll we plot the mass distributions of the charged ;EN system.
Figure 11d shows ﬁhe (EN) mass distribution for éll b5 réactions and a clear
low mass enhanéement_is seen at a mass of M = 2240t20 MeV. The shaded
diétribution in‘Fig{ 114 shows the TN mass for only those chargé dombinatibnsn

which cannot belongzﬁb an SU. octet or singlet (exotic mesons). The low mass

3
enhancement clearly goes with the ﬁon—exotic contribution. In Fig. 12 we.
show the YN mass distribution for all the AN and EN charge combinationé which
are non-exotic' and with the peripheral cut described. ﬁhe‘enhancement at
M= EEMOvMeV iéjvery prominent in this-combined spectrum. We point out that
this enﬁancgment is not at threshold-butyis ggntered about‘EOO MeV above KN

;

threshold. We have tried to fit the YN masé'distribution to various peripheral .
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models. All such attempts were unsucCessful‘because the high degree of peripheralism - '

required to reproduce the observed narrow width of the peak is inconsistent with

the observed t-distribution (32 « ¢°*Tt)

3t » and. also, for the A events, forces the

mass peak down to values well below 2240 MeV.

5. ANTTXT PRODUCTION

We have .also searched for antihyperons of strangeness equal to or greater

than two, specifically E_, Q . At preéent we have clearly identified 19 events

as exhibitinguz_ production. No events were found which can be shown to involve

@ production. If one eveht of this type were found, it would correspohd to

a cross section of 0.13 pb. We have calculated the lifetime of the = uéing

+0.7 -10
0.5 X 10 sec

which is consistent with the values recorded in the.Particle Data Tables for

2(

the maximum likelihood method and found it to be (=T ) = 1.9

the E— hyperon6)- In Fig. 13 we show the Dalitz plot M (ZY) vs ME(YN) for all

19 = events. For reactions with missing mass we interpret the missing particle(s)

: ‘ S — +
as a hyperon if we see a nucleon, or a nucleon if we see a A or Z . With the

presént statistics we find no indication of any enhancement in either the = Y
or = N systems. We have also looked at the production angular distributions
as well as the correlations between the production angles of the final state

particles. With the present statistics there are no noticeable angular correla-

tions, and all angular distributions are consistent with isotropy.

6. ANTIPROTON PRODUCTION
We have studied all the four-constraint four-pronged interactions and
have extracted the K+ﬁ5p final state. The'Kinematicbconstraints for this final
state afe suffiéient to allow complete identifiéétion of these events with
information on scan table ionization. We have found 38 events of this type

which corresponds to a cross section of 3.0+0.5 pb. The angular distribution
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of the nucleons in this final state indicate that these events are not very

peripheral. In Fig,'lha we show the f@ mass distribution, which shows indica-

‘tions of an enhancement centered at 2 GeV. Present statistics -do not permit

a more detailed study of thisienhancement.' InvFigs. 14b and. lbc we show the

+ o - . ‘ . v .
(K Pp) and (ppp) mass distributions respectively. Wo significant structure

is observed in either distribution, but we note that ﬁhe suggested (pgp) mass

enhancement at 3755 MeV reported earlier8) lies just above our kinematic

. . -*-_'__ .
limits. In Fig. 14d we show the (K D) mass distribution, but do not observe

any significant Y* production.

Ve thank_R. Shutt and the staff of the 80-inch Bubble Chamber and H.
Foelsche and thevAGsbstaff for helping with the expoéﬁre. VWe aékpowledge
tﬁe vaiuable sdppart given by our écanning and programming staff, in particular

B. M. Sheldon, D. V. Armstrong, and-E. R. Burhs.
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Table 1. Crbés Section SUMMary .

Final state : v Number of events Cross section (pb)

9 ——

pr + =%p v' o S 55} ’ 'l | L 12.821.7

' prno- | v j_'   : 34 ' _ | B .7-9il.3
Rpnr" R 148 ﬂ 3628
’Kpbn+nf B R | ‘2.8t0;7§
T _:vft - . o v_r__} | N i.8
g:ppn_ '.. . | 10 P > 0.76
.E:ppﬂ;ﬂo A | | 1 L > 0.07
E:pnﬂ+n_ _ H, . | : 18 v > 1.38 ix.
vgippn : L . _ i > 0;85

' g—ppn+no | o | v‘6_ o i - >vo.&6

Dl ' ' . '
2 pnn n ' _ 2 7 .. > 015

3 > 0.65
3 > 0.58
=S  :'j  7 > S . o . >o030
| | iy |  So30
=5 mm | o 1 | o > 6;07
= 2% o S 2 | > 0.28

=% DR - 2 - . > 0.31

Kpsp 3B C 3.000.5
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| FIGURE CAPTIONS
Fig. 1. Scéttér‘plot of cos By Vs cos Oy for (a) App events,(b).xpnn+'events,
‘and (c) Kppno’eVents. The plots in (a)vand (c) where there are two identical
ﬁucleons have.begn folded about MSO.

Fig. 2. Distributions in cos 6 for (a) Apnrx events, (b) App events and (c) .

- : . - + —
Appno events. Distribution in cos Qn for Apnn- and Appno events in (d).
. _ = oy - 0 —_ -+ +
Fig. 3. (a) M(Ax ) for Appn events; (b) M(Ax ) for Apnn events; (c) M(pn )
- + + - + o) -~ e}
for Apnn events; (d) M(nn ) for Apnn events; and (e) M(pr ) for Appn
events. . - '
Fig. 4. Dalitz plot for the Kpp events. .Here pf is the forward proton and'pb is
the backﬁard proton.
Fig. 5. MQ(Kpf) for App events.
S . - - = o+ — o
Fig. 6. (a) M(AN) and (b) M(ANf) for all App, Apnn , and Appw events.
Fig. 7. Distributions in cos o for (a) enhancement region, (b) background,
and (c) subtracted events.

Fig. 8. A polarization as a function of M(XNf)L

Fig. 9. Center-of-mass angular distributions for (a) and (b) I events, (c)
and (d) four-.and five-body % events, and (e) and (f) Zpn events;‘
Fig. 10. Possible exchange ‘diagrams for & production with (a) Pomeranchuk

or meson exchange, and (b) hyperon exchange.

—E - o -_—
Fig. 11. M(Z'N) for (a) X pn events, (b) four- and five-body I events, (c)

+ = ' :
¥ events, and (d) all & events. -In (d) the shaded region refers to the

_E' .
exotic (Z°N) combinations.

Fig. 12. M(YN) for all AN and TN non-exotic combinations with the described

: peripheral cut.

—

Fig. 13.. Dalitz:plot for the = YN events. The boundary for this Dalitz plot
 has been computed for the reaction 'K+p — Z Ap. Thus not all events fall

inside this boundary.

’Fig-:lh- (a) M(pP), (b) M(K+§p), (c) M(ppp), and (a) M(Kfﬁ)vfor‘théiK+p§p events. .
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used In the above, "person acting on behalf of the Commission"
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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