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ABSTRACT

We,present‘hére_angulér distributions for the reactions
¥d - Kd and K4 - Kpn at incident K~ momenta of 810, 910, 1010,
- and lllO”MéV/c. Data are also presented on K n elastic

scattering assuming the impulse approximation is valid.



' ‘This ékperimént was done with a two~-stage séﬁaréted K
'beaml)) using as detector the Lawrence Radiatidn LabCratbry 25-inch
bubble chamber filled with deuterium.

A_tétal of 219'000 pictures was taken at incident K momenta
of 810 Mev/e (23 000 pictures), 910 MeV/c (76 000 pictures),

1010 Mev/c (54 000 pictures), and 1110 MeV/c (66 000 pictures). We.
scannedvfor two-prong events which had a pbsitive track of projected
length > 1 mm. About 1/2 the Tilm (80%, 33%, T2%, 1@9%, respectively,
for the four incident momehta).was scanned with just this cut. The
remaining half vas scanned with the additional restriction that the
positive track be of projected length <9 ém and hence must stop
within the bubble chamber.

This latter part was used only for the K d elastic part of the
exberiméni. The first half was used for both the K™d elastic and
the break&p reactions. Thé fiducial volume'was.such that aparf from
very steep tracks, the origins were more than 9 cm (projécted on the
scan tlable) from the chamber boundaries. The numbef of events found
in thé portion of the film scanned with no upper liﬁit on the
positivé track length was about 2.3 times_that of the other half.
The lower cut was imposed to avoid picking up counterfeitveventé,
the.short prong of which was really é‘low—eneréy's ray. In K™ -deuteron
elastic scattering, this cut limits our angulap aistributions tb
regiéné'away from the forward directi§n -t > 0.02 (GeV/_c)2 . It
presénts;no difficulties in Ouf analysis of the elastic scattering
déta; ’However,‘fof the réaction iﬁ which the-deuteron.is‘broken’up

into a free proten snd a free neutron, corrections must be put in
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to'gccbunf for this cut. 7his point required a modifiéationvof the
theoretical.formula wé usedvin our analysis df thevdata.A.This.
anaiysié-ié preéented,in detail in Ref..E;

Due to the large number éf evehté in the film,contéining é.Z
and one other proﬁg; and élsovdﬁe fo the diffiéulty:of measgring the
momenta of short tracks from curvature; we rejectéd all events which-:
had & ééatﬁer or kink occurring in the first U ém (projectéd) of the
outgoing tracks. From the known pd, dd,vand K™d total cross éections,_
we éstimate'that this cfiterion rejected.&ié% of‘the genuine evéﬁté
in:thé breakup reaction énd.3i2% in the K;d elastic reaction.

o Aﬁy'event with a V pointing at the origin of the”two-prong
intérdction was réjected‘at fhe time of séanniﬁé. In céses éf ambiguous
origins,ﬁthe eyent wasvaccepted for measdring:and fiﬁtiﬁg.

Thé'scanning yielded a total of 44 000 two-prong eventé. These',
'were then measured on the Franckenstein measuring system. About hélf
of thése_events were measured befbre ﬁhesé.measuring maéhines went
ﬁnder automatic éompﬁter control. Thé rémaining half was meésﬁred

' with these ﬁachinés under computer control"provided by the COBWEB .
3) |

’ system The momenta of all stopping tracks weré obiained from.faége‘
measureﬁents. Evenis that faiied at either the measuring stage or
“the spétial reconstruction stége were remeééured, We eétimate_that
lessttﬁanvl% of the scanned events were missing after the
remeaéurementsf |

The measured events were processed through the FOG-CLOUDY—FAIR

system.of geometry reconstruction, kinematic‘fitting, and data

selection computer programs.
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. Of the L4 000 tWo;prODg events that came thréugh the system
- of fittiﬁg.pfdgrams, thé breakdown into the number ofLEVents fitting
the three interaction hypotheses
K'd »Kd o (mL)
- K pn . (H2)

’—aK-p\ (A not seen) (H3)

are displayed in Venn diagrams in Fig. 1. The criteria we used for

these selections were the x2 for each fit:

XE(K-d) <10, four-constraiﬁt fit,

xg(Kppn)'S b .; aone-constraini fit,

xe(n'pA) < Q o, .one-constraint fit.
' These cutoff velues for the Z are the limits within which'approximateiy_
‘95% of‘thé aféa undef.the‘theofetical Xg distributions are included.

Aé.cén be seen from ﬁhe diagr&mé in Fig. 1, a majority of the

events (x86% for the four momenta together) fitting.the elastic
'scattéring fiypothesis also fit the K pn hypothesis. This is not an’
unexpected result, since the deuteron can simulate the;breakup
"reaction,‘with the neutron and the proton seen as going off in the same
direction. When a deuteroﬁvis mistaken for a.protbn, or vice versa,
 range measuréments give values for the momentum of the track that
‘ differbffom the actual moméntum by 60 to 100 MeV/c. But a one-congtraint
.fitting hypothésis would hot be éble to distinguish this difference iﬁ |
the majority.éf cases. fhis is reflected in good‘x2 values for both

hypothéses. The ionization is not of help in the identification either. .



'Both:the proton and the deuteron appear as solid, dérk tracks in

: the fange 6f momentum Qalqes wiﬁh which‘theyxemergé from the
iﬂteraction with_ﬁhe inéident K- paftiCle. Hoﬁever, the elastic
scattering reaction is a four-constraint}fittigg hypothésis, whereas
the bréakup réa?tion haélonlﬁ one éonstraint."To get a éample of
zelastic é&ents; Ve made theTaséumption that ail the evehts.fitting
the elastiC'reaction are gbod K d elastic scattering events. 1In
order to'inéludévés.feﬁ breakup events as possible in this'sample,

We made uge of an additional handle. As noted above{ the deuteron

. can siﬁﬁléte the breakup reaction, but only with the proton and
‘lnéutrqn seen goiﬁg off in nearly the same direction. This means

~ that the éngle between the proton and the neuﬁrqn tracké, when the
événts are put thfough the breakup hypothesis,‘should'be afouﬁd 0" deg
:?or géhuine elastic‘scattering events. The réai breakup‘events'
.should hayé a.unifofﬁ distribution in this angle{ since in this case
the neutroh ahd.thé proton are not étroﬁgly éorrélafed. In Fig. 2

we ha&é'plOttéd the distribution of events as>a function of the cosine

of the angle between the proton and the neutron for the K pn

hypothésis when applied to the K d elastic scéttering events. We note -

that almost all the events (2B84%) fall within the interval between
0.9 and 1.0. As our final sample of K 4 elastic scattering eventé
-we took only the events_in the intervél between 0.5 and 1.0 in

cos (n-p). These were subsequently cofrected for biases and lossés
.’(to be considered below). |
As our sample of breakup events, we took all the.evéntﬁ that

satisfied hypothesis H2 (as determined by the Xg) and subtracted




thosé‘that also fitted the K-a elastic-scattering criteria described
aBove}‘:In.Fig; 3,'Qe have plotted the_histoénams of,thé'cosiné éf '
the'angle_bétﬁeen the proﬁon aﬁd thevneutron'for thesé éventé._ Tﬁe'
.:exéess‘bf_events iﬁ tﬁe forwafd.bdkes represents K;d elastic-scattering
evénts which_have X2'> 10 for hypothesis>Hl.b'Tﬁesé large'x2 éﬁéhts:vv
.Oécﬁr at:sméll momentum transfersiin the breakup distribufibﬁs. We -
removed‘thié coﬁtamination to the bréakUp évents by ﬁsing only the‘>
parf of the Breakup distribution above -t = 0.06 (GeV’/c)2 in our
analysis; The corrections due to exciuding these large x2 events
' from:fhé-K—d elastic‘distributidns are Considefed below. 'wé have.
".includéd in our»sample of K d faK'pn events only thoée from film
. scanned Vith no.upper limit on the length of the oufgoinévproton‘tréck;
v.From the diagrams in Fig. 1, we see that a large number (=40%)
| of-£he K—dlelasfic scattering:events £it also the ﬁ_pA hypothesis HE.AI‘
To dgtérmine what ffaétion of this number fepreéentg actual n-pA
‘eVents; we examine Fig. h.v This is a ﬁissing-mass histogram résulting.
from.hgfing all the eventélﬁhat satisfied hypothesis H1 treated as
hypbthésis H3. We see that for each momentum‘the ﬁass peak is less
than the A rest mass. ‘Thisvis consistent with miéidentifying the K d
eléstic scattering events as n pA events. Froh the absence of a
bump néaf the A rest mass, we éstimaté that the A contamination was
negligible”(less tﬁan 1%) iﬁ our sample of K 4 eléstié scatteringk
events. |

For the breakup reactiop,.we estimated the cqntamination~from
. the'ﬂ-PA evénts.in another way. It was found in Ref. 4 that thére

should be 1350 x pA events and LBO x pE® events in the 1.11 GeV/c



filﬁfthat had a]épectatorvprbton track bétWeen.l!S mm and.6 cm'in.
léngth. 'The two numbefs include bofh.fhe viéible and,invisibie.decay
. modes of the A. . They also include corréctidﬂs to bring their érosg'."'
séctiéns into agréemeht‘with othef experimenté”éonsidered in Ref. L.
ffom a' separate scah, we also found that there were 590 eﬁents
.fittiné”ﬁ—pA and 530 fitting ﬁ-p2°, with the épeptatof'prdton track
longer than 6 cm. Coﬁbining these numbers gives 2950 évents with a

A in the final state. Only 1/3 of these A's (z980) decay via the
invisibie mode nx°. Since we used oniy half tﬁe film at 1.11 GeV/c
.,for:thé breakup rééction{ we have included only half this number.of
A’sv(zh90) in our éaﬁple. From the.fit of our éémple to hybothesis
H3, we have 526'e§ents that fitted only this hypothesis. Thus we.seé
that the n—pAbéQénts.are séparated by the XE selection. We coﬁclude |
“that the A contamination is also small in the breakup reaction (less "
'Vthan 2%5.6f the l.il GeV/c samplé;  We have not scénned for ﬂ%pA

1 évents with long spectator proton tracks for the remaining three .

" momenta. But from the number of events fitting o;ly hypothesistS

in these momenta, we estimate the A contamination to 5e about the
same as in thevl.ll GeV/c sample. |

In écanning fof events for this experiment, we had imposed the

“criterion that each event must have a positive track longer than 1 mm.:

‘_VThis cut was imposed for measuring purposes. Unfortunately, this

introduced a bias against events with & short positive track pointing -

along the camera axis, which was up-and~-down with respect to the

 bubble chamber. (The beam entered the chamber in a horizontal plane




at’mid#cﬁambér. 'The three camefas were pésitionéduat the bottom,
_lookiﬁgIQertically'up;) These events appeared fbreshorténed on film.
Figu?es 5 énd>6, ShoWiﬁg‘the distribution of events as & function of
‘the azimuthal angle of thg.positive track ébout the beam éxis,.cleafly
illustrate thiévscanning bias. ITf thefe were no Biases; thgse
'distributionszOuld be uniférm. The bias éauses a»depletion of eventéi
'iﬁ the forward direction in the angular distributions, thus
effécti&ély_flattening‘their slope. To avoid this effect, we have
included-iﬁ QUr‘distributionsvonly those events wifh the bositive
~track céming out of the interaction vertex within 45 deg of the
ahoriantal pléne.. Tﬁe‘only excéption‘to this is ‘the distribution.for
theﬂbréakup reagction at 0.81 GéV/c.. Since we do not have many evenfé
at thié iﬁcident momentunm and since the azimuﬁhal angular distribution
for thé breékup reaction ét this momentum doés ot éhow a serious bias,
-we have included all the events at this moﬁentum. |

The experimenéal X2 distributions for the K d elastic‘scattering
;hypothesis at the féur inpidént momenta are shown in Fig; 7. As.is
- quite common, these-experiméntal distributions have avlérge‘tail. One
; way to correct for this long-tail effect is to accept events up to
 >X2 = EO.és K a elaétic scattering events. We have decided to accept
» evenﬁs up to Xg = 10, which is normal for xg of four degrees.df‘
freedom. We account for the events in the tail by correcting the
number df events thus obtained by the excess Qf events in the‘exberimenﬁal
tail over those in the theoretiéai tail (defined bj the interval | |

2

10 < XL < 20). The correction factor at each incident momentum

is shOanin'Tablé I, together with other normalization and correction



. faétprs;

~ Figures 8 and 9 show the t dis£riﬁutioﬁs for the reactions
K d ;;K;diand K a w>K-pn. The breakup rea§£ibn data were obtéinéd
bwifh a lower cutoff on fhe proton mOmentﬁmvof.QB MeV/c at 810, lOiO,
and 1330 MeV/c, whereas a cd’__t, of 130 MeV/c was applied at .9'10‘Me‘V/c..

The smooth curves are the results.of aléimultaneous fit tq the

eiastic'scattefiné apd.the breakup reaction. This analysis of the
data is described in detail in Ref. 2. Briefly, it consists of

5)

using a modified form of the Giaube: formalism”™’, which relates
the'Kad elasticband'the K pn (breakup) am?iitudés in terﬁs of the
K p and K'n elastic écattering amplitudeé, including the effect of
double ‘scattering. We modified this to include the effept of‘spin;
the difference in the flux féctoréder K~ ihcident dn a deuteron ahd
on a nﬁciéon,'the effect of Fermi-mbmentum smearing of the nucleqn
cross sécfions6), and the corrections arisingbfrom the proton
momenium’cut made in scanning. |

For the fits we need to know tﬂe K'p ang,K’n amplitudes. For
the K_p.amplitude, we assﬁmed two models based on experimental déta
inAthié momentum region7’8>. The K n elastic amplitude was
parameierized as a sum of ¥§(1660) and Yi(l?65) and an exponential
background. (We have also tried an s- and a pfwaQe baékground.) o
The only‘parameters that were allowed to vary in fitting the K d and
K pn déta were those of the background amplitude.

It can be seen that the fits to the K d elastic scattering cross

section (Fig. 8) are good, whereas those to the breakup reaction

(Fig. 9) are not very good, especially at large momentum transfer




» The curves are fits from the pubiished,K—p elastic scattering data

: N I S o B o o L
squared. - This is because, in this t region there were essentially

horfrée pafameﬁersvin our .models to -optimize . our fit, so that small

inaccuracies in the models had large effects.

In‘Fig. 10 we show the K'n elastic cross‘séctions obtained

from a simple impulse—appréximation‘method. In:obtaihing thesenfrom

l

'ﬁhe-bréakup réa¢tioh, it was assumed thét the interaction was on the

neutron if_thé proton momentum was less than 250 MeV/C'and the neutron

momentum was greater than 250 MeV/c. The curves are the predictions

_from the models described above. As a comparison we show in Fig. 11

the K'p elastic scattering data obtained from our data, now using
thevimpulsevapproximation with'Pn‘< 250 MeV/c and Pp > 250 MeV/c.
7)8)
We-thank Dr. Robert Poe for many helpful discussions; also,

all the scanners and measurers of the Powell-Birge group for their

‘meticulous work. -
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:Table.I. ‘Normalization and correction factors.

Beam Momentum (MeV/c)

910

1110

810 1010
Number of incident K : _ o
in K74 (x 10°) 1.55 6.76 5.0k 6.2
in Kpn (x 10°) 1.10  2.21 3.63 3.20
n-u Contamination (%) h.9 6.0 5;3 9.1
Fiducial Volume Length (cm) , . ‘
" (corrected for beam 28.8 28.6 28.5 28.7
- attenuation)
K’d_xg‘correction factor 1.12 1.17 1.18 1.13
Scan efficiency (%)
~ for K 4 97-9 %.8 97.3 %.5
for K pn 91.7 92.4 89.6

- 92.8

[
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Figure Captions

 BreékdoWh of the number of events fitting the different hypothéses.'

'Thesevnumbers'were obtained from -all the film.

Distribﬁtioné in the cosine of the angle between the proton
énd>the neutron-resulting from applying the K-d —)K—pn hypothesis

to the events fitting K d elastic scattering.

.. Distributions in the cosine of the angle betweenﬂthe proton and the

neutron for K d —aKipn events. The events near cos (p-n) = 1 are due'tb

K a eléstic'evehts in the tail of the x2 distribution.

Missing-mass distributions resulting from applying the K d& —n pA

hypothesis to the K d —K d events.

Distributions of the azimuthal angle of the pdéitive track about -

the beam axis for the X'd »K 4 events.

. Distributions of the azimuthal angle of the positive track about the

beam axis for the K d -»K pn events.

'x2 distributions for the K d —»K d hypothesis.

K d »K d distributions in -t, the K~ momentum transfer squared.

The smooth curves are simultaneous fits to our K d elastic and breakup ;

reaction = data using the Glauber formalism.

K d —»K_pn distribution in -t, the K -momentum transfer squafed. The

dashed curves were obtained from our simultaneous fits with an
exponential K n background amplitude. ‘The solid. curves resulted
from fits with s and p waves in the K™n background amplitude.

i
) “ . . 0

o 1
! -
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K n —aKfn"differéntial cross sections. The data points are from’
impuise gpproximation Kfn elastic scattering events. Solid curves

' are from our simultaneous fits with an exponential background in the

K_n amplitude; the dashed curves are frém fits with an s and p wave

background. The normalization'ofvthé data points. is. relative to the

solid curve in the range - 1 < cos(kn) < 0.6.
Lid € ¢ : D

Kp—=Kp differeﬁtial cross sections. The daté points are K p
impulse approximation distributibns from the breakup réactioh of
our'ekpériment, .The solid curves are calculated from the K p
model of Ref. 7; the dashed curves ére calculéted from the K p
model of Ref. 8. TheAnormalization of.the.daﬁa

points is relative to the solid curve in the range -1 < cos(kp) < 0.6.
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810 MeV/c 910 Mev/c

1010 MeV/c 1110 MeV/c

. XBL703-2404

Fig. 1
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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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