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Ap INTERACTIONS IN MOMENTUM RANGE 300 TO 1500  MeV/c
J- A. Kadyk,'G. Alexahderj J. H. Chan;,P,'GapoSchkin, and G. H. Trilling

Department of PhySics'and Lawrence Radiation Laboratory
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~ November u-;' 1970

'AbStract' A sample of approximately 250 Ap interactions has been obtalned

in the A momentum range- of about 300 to 1500 MeV/c. An enhapced A produce
tion rate was_obtained‘by exposing.an internally-mounted platinum target
to the ihcident l.5fGeV/c Kf team{ Cross sections:and angular distributions
are obtaihed for the reections: “Ap *9_Ap,'Ap f*'Zop and Ap — Apno.b In
the-elastie-chanhel, no strong evidence ‘i1s seen near the Zop threshold for
the.preseﬁeé of a.3Sl resonance, Whieh has been reported, although there
is some evidence for a smeli enhancement in this mass region. There is
" evidence for the preeence'of P#wavee1end probebly also:D-waves above about

800 MeV/c, but not below this momentum.

1. mTRODUCTioN )

| The elementery hyteroanUeleon-interaction is difficultvto-etudy_experi—
mentally becauee of the relativeiy smaileprobability that the short-lived hyperon
will interact rether than decay. We present here results from‘an experiment
[1-3] designed to increase the number of observeble A-proton interactions by
enhancing the rete of A production. This,was-dOne by using a platinum plate
mounted inside the Lawrence Radlatlon Laboratory 25-inch hydrogen bubble chamber
as a target for a separated K beam. Nearly lOO OOO A decays have been observed
in about 260,000 photographs, and the data dlscussed here come from about 250

fitted Ap interactions. For a summary of previous work see ref. [4].

*Work supported by the U. S. Atomic Energy Commission.

TPresent address Department of Physics, Tel-Aviv University, Tel-AViv, Israel.
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2. LAMBDA MOMENTUM AND PATH—LENGTH DISTRIBUTIONS 7 |

The momentum of the K beam striking the platlnum target is 1.5 GeV/c,
and the A particles_emerging lie roughly in the momentum range 300>to 1500
MeV/ec, with‘a,nearly‘constant path-length'distribution between‘500'and‘léoo.
MeV/c. Further details on the use of the platinum plate and its geometry may
be found in Refs.-[l—3] The momentum and path length distrlbutions, derived
from a sample of fltted A decays, are shown in figs 1 and 2. Approximately
8% of the total number of A decays observed were measured, but all the film

was scanned twice, and the decays observed were recorded for each scan.

3. Ap INTERACTIONS—-SCANNING AND MEASURING CRITERIA

The Ap reactions which we have studied are

VApﬁ'Ap, L e e (1)

o~
v}
S

R
Ap = X7'p

—
w
~

Ap - Apr° . ;. .
Two other reactlons expected to occur in this ‘momentum range, Ap — Z n
and. Ap — Ann have, by virtue of charge independence, cross sectlons Jjust
'tw1ce those of (2) and (3) respectively. " Two- pion productlon, whose threshold
is about 1300 MeV/c, is not 1mportant 1n.thls experiment. A 1nteractions (1),
(2), and (3) are all identified by the observatlon of a A decay associated _
with a proton track orlginating 1nside the. bubble chamber Since all these

reactions have the same topology, they are dlstingulshed only by kinematic

—r

fitting.

Thevreactions (1), (2), (3) must_of course satisfy the three-constraint
fit, which tests that the~decaying.A°'originates at the assumed interaction
point. Moreover, the elastic reaction must satisfy an additional constraint
at the scattering vertex. Events which satisfy the 3C fit at the A decay

vertex but fail the 1C at the interaction vertex are presumably examples of
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reaction (2) Or.(3),‘but no furthef‘infermation can be derived without knowledge
of the incident A'direetion.v Iﬁ order to develbﬁ the additional'ihformation
needed to separate (2) from (3) and to prov1de greater confldence in the valldlty
of events that satlsfy the 1C fit to (l), an approx1mate determination of possible
origins for the 1nc1dent A was made as follows. ‘Such origins were assumed to
be elongvthe iines of’interacting K~ beam particles‘just halfuay through the
platlnum plate. Since the platinum was so placed as to permlt measurement of
1nc1dent K tracks upstream from the plate, it was stralghtforward to measure
for each plcture with an interaction candidate all K tracks whose subsequent
interactions»cbuld‘be A ingins., In this way, the two additional constraints
provided by knewledge of the direction of the incident A® were available to
confirm fits for reaction‘(l) and distinguish betwveen (2) and (3). Errors
assigned to these'Ao directiohs reflected properly the uncertainty as to the

+ 1 + +1n T gt s - L2 an £l M- ~. ————m
~eptunl mosition of the K interaction withiz <he rlatinum. Colasicnllly, o

dlrections determlned in this vay ! are ‘in error because of a scattering in the
plate of either_the incident K or the outg01ng A . An estlmate of the conse-
quehces of this effect can be derived from comparing fits of reaction (1) with
_a..xid.w{rithout_’(:he»A’J origintiuformatidn{ Thus the fraction of elastic events
that fit ggnorigin_in the piate and yet fit_well without use of the incident
A direction is.about 15%. This fraction is used to correct for the number of
unfittable events from feections (2) and (3) forvcrbss-section_determinetion
(see below). From the couplete sampie of 222 events within the fiducial volume
region, 6nly two events fit, within reasonable probability.limits, more than
one reaction. |

Reactions (2) and (3) require<an origin for the initial A particle in
order tovobtain a kinematic SOiution; and therefore thefeffects'of errofs.in

Athe assigned origin locations for these'reactions were studied.. Such origin



e UCRL-20074
Ydisplacements mayioccur eitner due to a-n or K-‘scatteringiinSide thevplate,
or due to ignorance of the exact origln pos1t10n along the K beam path. - The
1atter difficulty was avolded by making a succession of fits to five equally
spaced or1gins-1n51de the plate,” long the paths of the K ‘beam tracks. The
effect of scatterlng inside the plate was studied by examining the events of
reaction (1) where an orlgin is not required for the fit.‘ Using these events,
the amount and distribution of origin scattering was determlned, and these
were used in a Monte Carlo analysis [5] to predict the effects upon reactions
(2) and (3). It was found that the fraction of events expected to fail these
reactions was 13% and 15%, respectively.' From~these.results, an estimate can
be made for tne number of events having a gbod tnree?constraint_fit to the A
decay vertex, butvlacking a fit for the,interactiOn vertex; namely, there should
. be eight such events. The number.ofverents actually found; after background

T . " b ¥a)

SuLviaction, was 1Z. The difference between these nuubers is not sigonilicandi,

indicating that about 95% of the interactions haVe»been'kinematically identified.

For purposes of cross-section'determination, the remaining 12 events have been
apportioned to the reactions,according-to theipredicted failure rate.

In order'to-assure a sample of high‘reliabiiity, two completely.independent
scans were made of the entire.film and several addltional conditions were
'required: A fiducial volume restrlction was 1mposed both .on the primary inter-
: action'vertex.and on the decay vertex of the A, and the recoil proton was
required to have a length of at least 2 mm. In the analysis each event wa.s
weighted to'takeﬂaccount-of'the'A escape probability; and, for crossesection
determinations, a correction was made}for events lost becauSe of the 2-mm
recoil length cutoff. Scanning efficiencies were computed by correlating
the results of the two scans. |

In our energy region; A decays are readily distinguished from K° decays.

Kinematic fitting provides unambiguous identification in almost all cases,
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and the bubble.density Qf'the positifeISecdndary removes essentielly all‘ambi—
guity. Furthermpre, Kpp inferacticns are readilyﬂrecoépized: If they leade
to a Ki;decay_the_interaction is identified by the-decayiksince Ap interactions
.produce a negligicle"numbef of:EE particles), and if they lead to a Ap; the
eccompanyinglrecoil track isa bion ihsﬁead_cf a proton and hence»recognizeble
by bubble decsitj. Thus_Kopiigtefactions doenoﬁ significantly contaminate

our data sample.

4.  RESULTS

L.1. Cross Sections

Channel cross sections are determined essentially by the ratio of the

number of observed interactions to the A paﬁh lehgth,'as a function of A momentum.

The dlstrlbutlons of these quantities are shown 1n figs. 1 and 2, and the cross

 sections derlved from them are shown in flg. 3 as well as in table 1. Appropriate

correction has'been'made for'scanning efficiency as well as for the loss of a
small number of inelastic events by scatterlng of the K or A w1th1n the platinum
plate, as discussed in sect. 3. Figure 3d shows the total Ap cross sectlon
from 3oo to 1500 MeV/c obtained by adding G(Ap) + 3c(z p) + 30(An °p) .

For Ap elastic scattering, fig. 3a-shows that the cross section has dropped
to about 10 mb at 400 to 500 MeV/c, and seemsito.recein‘flat except for a rise
in the region of the IN tﬁreshold}b Both a‘Aﬁ rescnance and a Zp threshold
cusp have been discussed in this region (et 620 and about 640 MeV/c respectively)
and it is of interest to see}whether,the-data’suppert such behaviOr. Although
beth effects may_feach the.s-ﬁavevunisarityvlimit‘of ebout 50 mb fcr the 3Sl
state, a narrow>width is‘expected,for each,_if,it'exists, so that only a small
increase in the event population will be observed., If one assumes that a 3Sl

Ap resonance does exist, and little or no cusp cCcurs, then an upper limit to

the resonance width may be calculated. The present data, taken from the momentum
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bin 600 to TOO Mév/c,ﬁyieia an'upper iimit; with 90% confidence, of T'<3.5
MeV. Of coﬁrse, the presence of a cnsp may-be.responsible for some or all of
the small rise observed. o | .

The cross sections for the inelastic reactions (2) and'(3)'are shown in
figs. 3b and 3c. The Z P reaction proceeds strongly near threshold, but then
diminishes quickly at,higher momenta. A simple'calculation shows that except
Just above threShold the Z-nucleOn'crosshsection is well above_the.s-wave
unitarity limit,iimplying a strong contrihution from-higher waves. Indeed,
as will be seen from the angular distributions, there is strong evidence for

higher waves ~above about 800 MeV/c.‘.,

4.2. Angular Distributions

The angular distribution in the elastic‘scattering channei is shown in
- figs. Ya and 4b for momenta below and ahoveIBOOvMeV/c. resoectivelv. The -
results of fitting the se distributions to Legendre polynomlals are given in
table 2. At the higher momenta, there is strong ev1dence for the presence of
p wave, and_a fairly clear indlcation_that d wave also occurs, while s wave
- suffices for a good fit at the lower momenta. The amount of s, p, and d waves
is Sufficient-to explain“thettotal cross section above 800 MeV/c. |

Some deviation fromiisotropy'canvbeiobserved in the s°p and Apr® distri-
butions, shown in figs. kc and ud;'and in each there is some indication of
forward peaking.

An examination was nade for poSsible-A polarization, either in the A beam
or aftervinteraction, and no significant effect was observed in.any reaction;.
Of course in the Zop case, since_only 1/3 of the £° polarization is transferread
to the A, no significant effect couid be ekpected. (For all angdlar distribu-
tions the angle plotted is taken between the directions of incoming androutgoing

hyperons in- their c.m. system.)
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 FIGURE CAPTIONS -

Fig. l.m'MOmentnm distribution for a sample of about 7700 free lambda decays.

Fig. 2. (a)

(v)

(c)

(@

Fig. 3. (a)
(v)

(e)

(a)

Fig. L., (a)

(b)

(e)
(a)

Path length dlstributlon for lambdas, correspondlng to flg 1.

Momentum dlstribution for 175 Ap elastlc scatters.
-MOmentum.distrlbution for.h6 events of‘the type Ap - Zop. @
Momentum distribution for 15 events of the type Ap:-9 Apno-
.Cross section for Ap elastic scatters.
Cross section for tne reactlon Ap 79,2 p-
Cross seotion_for,theyreéetion‘.Ap —>~A§n°-
ibtal Ap cross seotion" total o(Ap) + 30(2 D) +'30(Apn° .
Angular dlstrlbutlon for elastic scatters, for incident A momentum
.less than 800 MeV/c |
Angular distribution for olastic scatfers,-for-inoident A momentum
 .greater than 600 MeV/c._ B
Productlon angular dlstrlbutlon for the reaction Ap - Z p.
Productlon angular dlstrlbutlon for the reactlon Ap & Apn .
et

-
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Neither the United States, nor the Commission, nor any person acting on
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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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