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IN K'd —» Apx~ INTERACTIONS AROUND 1.0 Gev/b
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Department of Phys1cs and Lawrence Radlatlon Laboratory '
University of Callfornla, Berkeley, California

 and
Anne Kernan

Department of Phy51cs, Unlver51ty of Callfornla
Riverside, California

Januaryvl969

Data are preeented for the”reaction"de - An"p -at 910,
1007 and llO6.MeV/E'in:ﬁnieh the proton momentum isvgreatervthan
250 MeV/e.r'The Ap invariant—mass_plot'shoﬁs an enhancenent at
about 2130 MeV, similar‘to that found by Cline et al. No enhance-
ment is seen at about 1&#0 MeV in the Arn invariant mass. A simple
two-step process without invokiné resonances describes our data

as well as those of Cline et al..

In the absence of readily available‘hyperon'beams, the study of the
hyperon—proton (Y-p) system in final—state interactions mayvbe useful in the
search for strangeness -l,udibaryon resonant states. Several possiblelAp
resonances have been reported:in the past; howeyer, none has_been substantiated'
by further'investigationsf} Recently Cline, Laumann, and Mapp have observed

an enhancement in the Ap invariant-mass distribution in a study of K a

rJ
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interactions at 400 MeV/c leading to the final state Apw~ Qith a fastvprofon;2h

This enhancement, wﬁich was centered a few MeV below the IN threshold, sug? . I
gested to them the existence of a (ZN)l/é bound state coupled to the open-Ap
channel, which in turn implies én elastic Ap resonance with a mass of 2126 MeV
and a width of less than 10 MeV;. Cline et al. alsd obsefved in the same reac- -
tion a strong enhéngement in the-An; system at 1440 Mev.3

In this letter %e present data oﬁ the reaction
Kd - Atp (1)

around 1 GeV/b, in which the proton has a momentum greater than 250 MeV/b.
' We:also discuss a simple model which can expldin our data and those of Refs.

2 and 3 without invoking any resonances.
| The experiment used»pictures takenAin the Iawrence Radiation Laboratory
25-in¢h bubble chamber filledeiﬁh déuterium aﬁd-exposéd to a K-_beam at
momenta of 910 MéV/E (54 x 103 pictures), 1007 MeV/b (12 X 1034§1cfhrés), and

1106 MeV/E (86 x 103 pictﬁfés); lThe film was scanned for two-prong events

plus an associatéd VO. }fhe positive prong had fo ha&é_a range gfeater than

5 ecm in space (corresponding to a minimum proton momentuﬁ 225 MeV/b) and

ionization consistent with a proton. Tﬁe events were then measured and

kineﬁatically fitted to the various possible final states involving Ko, A,

or £°. No difficulty was found in separating the A or £° from £he kK°. A

lower cutoff momentum of 250 MeV/E was imposed on the proton in the final . e
'state A°(=°)pr” in order to obtain a sample of events in which both nucleons
in the deuteron were involved in the interaction.v From a pfevious stﬁdy of
the reaction K-q - An-psn‘(spectator); we estimate that_the background from

this reaction in our study J'.SQO%.LL The proton momentum cut in the data of

Cline et al. was 150 MeV/c.”

v !
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A tefal of 324 eveﬁté:fitted the Aprn~ hyﬁothesis) 421 events fitted.the
Zopn— hypothesis,.and'an additional 367 events were ambiguous between the two.;
hypotheses. The ambiguous eventsjwefe fiﬁted to the hypothesie Kda- Aan'.l
The AY invariant mass disﬁributiOn'haa two peaks, one near ﬁhe A ‘mass and thee
other near the £° mass. We accepted the 241'events.in the iower—mass peak as
Kd - Apn’, the cut being M(AY) < 1165 MeV. Theeev241 eveﬁts together with ‘;
the 324 unamblguous ones constltuted our sample of 565 Apr. ‘events.v In the
follow1ng analy51s we have combined the data at the three 1nc1dent K~ momenta;
We dlscuss flrst the Ap 1nvariant—mass dlstrlbutlon, and later the Anv system;

Figure la,d shows the AphmaSS plots for our‘data and; for comparison, |
tho;e of Ref; 2, the shaded events having cos(GK;ﬂ_)‘> O.8%Awhere9K;n-§ is
the‘angle between the K and n"in.theeK-d c.m. system. ‘This cut vas appiied
b& Cline et al., and is'discuséed‘later- Figure 1b and e ahdvlc and f show
the ratios (F-B)/(F+B) and (P-E)/(P+E) fespectively for the events in the
shaded pertion of histogram la,d; P and B refer to the number of forward and'
backward A's in the Ap rest systeﬁ and P eﬁd E refer to the number of events‘

A
angle in the Ap c.m. system between the A and the line of flight of the Ap

having |cos(9A)[ > 0.5 and Icos(GA)I < 0.5, respectiveiy, where 6, is the

system.

Figure la shows a small enhancement in the $haded histogram around 2130
MeV close to the IN threshold. [The mass resolution at M(Ap) §'2l30 MeV was
found to be = 3'MeV.] Figufesvlb and lc show'that, at the enhaneement, the
angular distribution is consistent‘with isotropy, while below it- & deviation'
from isotropy is indicated. The enhancement in the Ap mass plot as well aS“;
the angular distributions at this enhancement are very simiiar to those reportea

in Ref. 2 and shown in Fig. ld,e,f; However, the peak in.the mass plot for the
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llOO—MeV/E'aéta.appears to:ﬁe lgsé pro@ouncéd thaﬁ that for 400 MeV/E.

In viewvof our resuits and those at hoo'MeV/E incident mohehtuﬁ, it isA . »
'of interést-to'inQestigate the éxtent fo which Qh¢ is compelled to. introduce
the.eXisteﬁcé of a Ap'résoﬁaﬁce.6f To this end ve havevcélculated'thé Ap- v
" invariant mass distriﬁution invfhe ffaﬁewofk.éf a.simple two-step process
withoutlinvokihg_any YN resanances;7 |

The two-step processes .considered were .

a) ¥a - £ (n) ) S (25_'
o) Sy om0 ()

= A (py) o | ".\_Ps,“’ hp | L)
e IS Ny (5)

We have also considered the process

K @ —>_Aﬁ_ps ;- - - - (6)

where the moﬁentﬁm éf the sééctétorbproton is in'théztail‘of the Fermi momentum
distribuﬁion; these efents contributé mainly beiow N threshbld._.i |

In order to calculate the M(Ap)'distriﬁution from reactions (2), (3),.
and (4) [reactions (5) and (6)udo not.contributé,to a peak in M(Ap)l, ve
'havévassumed that they can each be approximately'described.by two successive,
- well separated'reaétions KN - Yn and then YN - Ap.‘ This simple approach
is expected to deséribe the processes.at least qualitatively, since the deuteron
is a rather loqsely bdund system.

The caléulatibns hafé been carriéd out'by generating individuéi events ®
by a.Monte Carlo method according to the two-stage reactioﬁs‘descriﬁed above
for K~ incident momenta of 400 and llOC MeV/b, where.the bulk of the present

data came from.
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In the first stage we have célculéfédvthe reaction X N — Yn  ih the
frameworkvof the impulse modél, takingvinto>accounf'the mqmentuﬁ distfibution
of the nucleQﬁ éé given byithe‘Hdlthéﬁ wéve functionvand using_ah isotfopic
angular distribution of the‘nuéleoné iﬁ-thé aéutéron.c me system._ Tﬁe angular
distribution of the emerglng hyperons was téken from known KN = Yn single
nucleon 1nteract10n data at 400 and 1100 MeV/c.4 8,9

The second stage involves- calculatlon of the relative érobablllty for
the.hyperon to have a‘subseqppnt 1nteract10n w1th the spectator nucleon. In
calculating this érobability we have.aésumed an s-wave energy-independent“
'matrix element for the reaction - YN - Ap. fakiﬁg'into account thé phase

space “and flux factors, the Cross sectlon is given by the express1onlo

€. € € € P,

| o SRS B .
'G(YN—e_»Ap)«-—v-———--—I;— - (D
. . Y (Ap) .
where ey, €N’ GA’ and ep are the energies ofvthevcorresponding particles and

Pf and Pi are the final and initial_momenta in the YN c.m. system.

This expressioﬁ is iﬁ égreement with experimental data on low energy

' hyﬁeroﬂ—nucleon scattering;l “We are justified in using it

‘here, since the experimental cut of pps(GK_ﬂ;)‘>vO.8.-restrictsthe momentum
of the hyperbn to = 250 Mev/b and = 500 MeV/E.at K momentum‘of koo MeV/b
and 1.1 GeV/E respectively. | -

The probébility for the (b) feactions to occur also depends on the spatial
configuration of the deuteron and, therefore, on the Fermi momentum. "So in
general the cross section in Eg. (7) shoﬁid be weighted by some function G(PF)

of the Fermi momentum. However, by performing the calculations at a series

of unique nucleon momenta, we have verified that the shape of the Monte Carlo
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mass distribution is essentially independent of the nucleon momentum. This
independence comes about because P, > PF,_and hence P, in Eq. (7) is not

strongly correlated WitthF. Since ﬁe afe'intergsted iﬁJshape rather than
absolute gross,section for wvarious fipalfstate configurations, we can ignore
the G(PF) factor. |

It is clear thaﬁ.aﬁy célqdiation, in whiéh all the particles in the reac-
tion IN. - Ap (2nd stage) afé»on the mass shell, cannot geﬁerate 2 Ap mass
_below‘ZN'tﬁreshoid. However, sincevneither the Zvnor the N need be on the
mass sheli, this,reactipn can iead tb.a Ap maés‘belovaN thréeshold. 1In order
tb estimate thé effect with the mass of thé ﬁud;eon off the mass shell we
constrained the tofal eﬁergy of the nﬁcleons to be the mass of thé deuteron,
letting the masses of the two nucleons gd off the mass sheii-in eéual amounté;

i.e.,

b

| v, /e
MN=[T - PF:l
where PFﬂi; thé_Fermi momentum and MD is”the maés ofvtherdeuteron. The'other.
particles were ‘taken as being on the mass shell;

The resulﬁs 6f these céicdiéfi;#é.sﬁg% théé.the ﬁiath éf the peak in the
Ap mass plot remainsfessential;y unchanged, but its position shifts towafdé
lower masses by a few MeV when the nucleons are off the mass shell. we.havé.
_introéuced into these calculations the same cutoffs on the momentum of the
proton as were used in-the experimenﬁal data, i.e., 150'MeV/c and 250 Mev/c

for incident K-’momenta of 400 and 1100 MeV/c respectively.

The Monte Carlo distributions are shown in Fig. 2 (solid curves); the

dashed curves are the distributions obtained with the cut of cos(6 _ _) > 0.8.

bt

‘
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.3S

, state (same as

This éut was.introduced by Cline et al. to enhance the
deutéron state) over the lSO;state for the-intermediate'2+n system.
As seen in Fig.‘é,,reaétions‘(Q) énd (3) génerate peaksriﬁ the Ap mass
at X momentﬁm hOO and llOOlMevyﬁ. The ppsition and‘width'éf the peak from
K
= llOO_MEV/E, the genergted peak is at the ébserved position but is some-

reaction (2) at P, = 400 MeV/c correspond closely to those observed. At
PK
what wider than that observed. The occurrence of the peak can be readily

understood as arising from a combination of two factors: (1) strong production
)

> 0.8), and (2) the approximate l/Pi dependence of the cross section for the

of low energy £'s in reactions (2a) and (3a) (enhanced by the cut of cos(GK-ﬁ
exothermic reactions (2b),j(3b), and (5b) at low.energy.

A suitable éémbinatiéh of feacfions (é), (35; and (4) c;n describe the
whole Ap mass plot a£7hOO MeV/b?and 1100 MeV/E, excep£ for the higher end of
the mass distribﬁtion at 1100 Mév/c, which coﬁld be due to cher two¥step
reactions such as K. g — Aﬂ—pé with subsequent nps_elastic scattering.

In the framework of this model one expects:an isotropic A angular distri-
bution at the ZN threshold. Aboﬁe threshold, without further assumption on:i
the relative magnitudes of the various‘reaetions, we are unable to calculate'
"the angular distributions. However;.if is interesting to‘hote that the A
angﬁlar distribution below ZN threshold is abproximately described by the
one~-step process K—q - Aﬂ-(ps) (curves on Fig. 1b and c), where the sgectatér»
Proton momentum -is greéter thaﬂ?the cutoff value.

Next we consider the;An‘inv#riant'mass distribution, shown on Fig. 3a
for events iying outside the Ap peék [2120 <'M(Ap) < 2140 MeV] and for
cos(6 _ ) > 0.5 (shaded portion), where eK'p is the angle between the K and |

Kp
proton in the c.m.bsystem of K d. The data from Ref. 3 at 40O MeV/c is shéwnl
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in Fig. 3c. There is no significant eﬁhéncemenﬁ at 1440 MeV in our data.
Figure 3b,d shows thg Af—'masg'distribution calculated for the two-step
process (5). The calculation was‘done using the Monte CérlO»metﬁdd with' the
aSsumptiOné outlined earlier. The.éxpe}iméntal aata on K p elastic Scattering
were used'in the firsﬁ step;B’l; and for reactipn'(5b) we again aéSumed'that
the matrix element was s-wave and energy-iﬁﬁepeﬁdént._;Reaction (5) is seen-
to éive rise to’ a peé%.around 1440 Mev/c for incident momentum of 40O MeV/e,
but not for 1100 MeV/c. Again, the peak in‘tﬁe_hOO—MéV/b:data can be under-
stood in terms of étrong proauétibn:of low mpmeﬁtum K; in feaétioﬁ (5&){
followed by the exothermic reaction (5b) at low energy. In K p elasfié
scattering at 1100 MéV/b the K;‘is scattered. predominantly with low momentum
transfer, and so the K-n.systém is not formed close to thfeshold.enefgy in

reaction (5b).ll

Since our calculations show that the‘pfesent'data can bevexplained_v A
satisfactqrily Without the need for either a Zn bound state or a Axn resonance,
other réacfions'that afe éensitive to ﬁhese effects should_be eXaminéd. In
.looking for YN resonance below In thfeshold two reactions may be studied:
(a) free Ap scattering; the rather meager.data avéilable at:the N thréshbld

‘(pA ~ 635 MeV) shows no peak; and (b) free Ip scattering; agaih_the data are

very meager and do not allow one to measure the scattering length.

L2



-9 - UCRL-18695

FOOTNOTES AND REFERENCES

- *Work supported by the U. S. Atomic Enérgy Commission.

1.

io.

1l.

See, for example, the review by G. Alexander and U. Karshon in High Energy

Physics and Nuclear Structure, ed. G. Alexander (North Holland, 1967),

p. 36, and references therein.

D. Cline, R. Laumann, and J: Mapp, Phys. Rev. Letters 20, 1452 (1968).

.. D. Cline, R. Laumann, and J. Mapp, Phys. Rev. Letters 21, 1372 (1968).

W. M. Smart, Lawrence Raaiation Laboratory Report UCRL-17712, Aug. 1967
(unpublished);l R

D. Cline (Universit; ovaisconsin), private communication, Dec. 1968.
I. R. Kenygﬁ, A. E. Sichirollo, C. R. Sun, Phys. Rev. 165, 1445 (1968).

The'se aufhors‘also observed a peak in the Ap system below In threshold

in the reaction K-Hé4 —9_pdAoﬂ—, but did not ascribe it to a Sn bound

state. .

Cline et al..in their bapers.(Rgfé; 2,3)'mentionéd.the possibility that
peaks could océur in the mass plotS'due to*ﬁinematic effects of the type

we discuss hgre,vbﬁf nofquantitative calculatiohs were presented.

M. B. Watsoﬁ; M.,FerroéLuzzi, and R. D. Tripp, Ph&s. Reﬁ.‘igi, 2248 (1963);

R. B. Bell, Phys. Rev. Letters 19, 936 (1967) .

See, for example, W; S. C. Williams, An Introduction to Elementary Particleé

(Academic Press, 1961), p. 93, from which we obtain this expression for the
i i ' + = ’

cross section by noting that (eY eN) (eA

R. Armenteros, P. Baillon, C. Brieman, M. Perro-Iuzzi, D. E. Plane, N.

+ ep) = M(Ap) .

Schmitz, E. Burkhardt, H. Filthuth, E. Kluge, H. Oberlack, R. R. Ross,
R. Barloutaud, P. Granet, J. Meyer, J. P. Porte, and J. Prevost, Nuclear

Physics B3, 195 (1968).

-l



:alo- - | " UCRL-18695

FIGURE CAPTIONS -

Fig. 1. Ap invariant mass and A anguiar distributions for the reaction . -
Kd - Apn~. (a,d) M(Ap) distributions of our data ;nd of the data
giveh in Ref. 2. (b,c)'(F?B)/(F+B) as a function of M(Ap). (c,f)

(P-E) /(P+E) ‘as a funétion éf M(Ap). Dashed curveé.reﬁfesent the expected
distribution from the one-step process K'd - Aﬁ-(pé). -

Fig. 2. Calculated M(Ap) distributions for'incident K momenta of 1100 and
400 MeV/c of the reactions (2), (3), (%), and (6). The dashed curves
represent the calculated distributions withvéos(eK_ﬂ_) >'Of8.,

Fig. 3. Experimental and calculated M(Ax) distributioné of our.data and of -
the data given in Ref. 2. (a,c) Experimental M(Ax); shaded area corresponds

 to events with cos(GK; ) > 0.5. (b,d) Calculated M(An)bdistributions
from the twbéstep proceis (5); dashed curves represent the éalculated

distributions with cos(6 _:) > 0.5.
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process disclosed in this report.
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with the Commission, or his employment with such contractor.
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