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K'p ELASTIC SCATTERING AT 4.6 GeV/c
J. N. MacNaughton, L. Felnsteln, o MarcelJa,TT and G. H. Trllllng

Department of Phys1cs and Lawrence Radlatlon Laboratory
Unlvers1ty of Callfornla, Berkeley, California 94720

July 9, 1969

ABSTRACT |

Tbe elastic scattering of K+ mesons by protons at 4.6_GeV/c has been
sbudied in a,hydrogen bubble cbamber experiment. The elastic cross section
has been measured and found to be 3.85%0.25 mb. : ‘The forward diffraction
_peak can be adeqnately fitted by a differential‘cross section of the form
%% = (dt)o ?ltl, where (g%) = 16.0%1. 3 mb/( GeV/c) and ﬁ = 4.2%0.2
(GeV/c ,f_ From this fit the magnltude of the ratlo of real forward ampli-
Vbtude to imaglnary forward amplltude is estlmated to be O-25+8 ég Comparlson

with results of other. experlments 1ndlcates that B has a momentum dependence

extremely slmllar to that observed in proton—proton_elastlc scatterlng.

Twork supported by the U. S. Atomic Energy Commission.

1tJr-Permza.nen’(: address: Department of'Physics, Nevada Southern University,

. Las Vegas, Nevada 89109.
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:'l. Introductlon

The elastic scatterlng of positive kaons by protons hasAbeen studled
over a substantlal momentum.range. After_remalnlng largely s-wave between
0 and 800 MeV/cl), it isfmoaifiea by.snall p- and d-wave contributions®)
until the onset of.substantialfinelastic effeots at about 1 GeV/c. Above
1.2 GeV/c a large.diffractive peak appears which renainsva dominant feature
at -all higher momenta3). Wlth only momenta above this dlffractlve threshold
cons1dered, elastlc scatterlng experlments coverlng the full angular range
have been reported at 1. 45, 1. 96 3.0, 3 5, 5, and 7.3 Gev/c® ), all from
: bubble—chamber analyses. Observatlons of elastlc scatterlng 1n Just the
Pdlffractlon reglon [|t| < 1. 2 GeV/c ] by means of a counter experlment -
have been reported at 6.8, 9. 8 12. 8, and 14.8 GeV/c5) Interest in the
behav1or of the dlfferentlal cross sectlon in the backward dlrectlon and its
1nterpretatlon in terms of u-channel baryon.exchange hasv-also stlmulated |
several e%periments designed speciflcally tovmeasure elastiCYSCatterlng near
cos 6 ; -1 (ref.6))r | | | I

'iThe.general features'brought.out in thesefexperiments are the‘following:

(a) Between 1 and 15 GeV/c, the elastlc cross. sectlon drops monotonlcally
_to a near- asymptotlc value Jjust above 3 mb.

(b) Extrapolatlon of the dlffractlon peak to t. .O leads to forward:
'eross sections in apparent excess of the optical value even at high momenta.
:'The ratios of real to 1mag1nary forward scatterlng amplltude appear to be
lsomewhat larger than expected from dispersion relatlons or Regge fits.

(e)-There appears to be a 81gn1f1cant-contr1but10n in the backward direc-
,tion, in distinetion'to K-p experiments at the same nomenta; and in agreenent o

with Regge baryonvexehange models.
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In this paper we report the results of a bubble chamber study of K p
elastic scattering at h(6 GeV/c_with the statistics of'about,MOOO events.
Our analysis yields results in agreement with (a) and (c) above, but with

less real forward amplitude than indicated by some of the other experiments.

2. Exﬁerimental Details

The data were obtained fremvah analysis of abou£‘50 000 photographs of
the BNL 80—inch.hydregen bubble‘ehamber in‘alh.6~GeV/c electrostatically |
sepafated K+ beam.‘ Approximately 15 000 two-prong events werevmeasured on
the LRL Flying-Spet‘Digitizer (FsD), and rémeasured in case of failure on
Franckenstein measuring-prbjectors. From these some 4037>eiastie‘scatterings
‘Were aecepted;u'A breakdown ef the event classes aftér measurement is given
jiﬁhTaBle.l.f A subsample‘of the'elasfic evente was cheeked on the scan table
te'verifyvﬁhat-ionizaﬁibp was compatible with the kinematic £it.

| An imporfahtlsoufee‘of bias is the loss ofveﬁents with very'small scat-
terihg‘ahgies and short recoil ﬁrotoﬁs; We have examined this bias by studying
thevazimuthal distribution of the recoil proton about the'incident K+ line.of
flight.  As a result of this study we have cut out as unfeliable the region
of Itl < 0.05 (GeV/_c)2 (fecoil_pfotoa range < 5 cm), and added 8 few events
in the bins between |t|.= 0.05 -and |t] = 0.175 (GeV/c)Q. The se cerrections
amounted to about 6% of the population of these bins.n o

One difficult problem is that of pion cenfamination, since onedcannot
kineﬁatically differentiate pion events from kaon.eveﬁts in the forward peak.
Erom‘considerations of the total cross secfion giveﬁ later we estimate an

upper limit of about 5% on the pion beam contamination.
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3. Results

3.lf Elastic Cross Section

The elastic cross section(de was determined from the relation

e 2 -
0 = (=) X (=) xXo,_,
¢ % % &
: + o
where 0, = total K p cross section,

“t

.oe/c2 = fraction of two-prong events which are elastic scatterings,

o/o,
We consider each bf these.qnantities'in turn:

‘Ge/cé

]

. - Cy ) o o B
fraction of all K p events which are two-prong.

The baslc 1nput data have already been glven 1n‘Table l. The FOfal
number of elastlc events is glven by 3957 (4 constralnts) + 80 (3-¢onstraints)
+ 633,(correetion’fOrVshorp.recqils).=»h670.,MThe_tota; number‘df.nenelastic_
eVents'te be,compared with-fherabove number:is given by 3034»(1 neutral) +

14208 (2 2 neutral) + 128 (zero eenstraiht)‘=_7370. Thus we:get

% 4670

'5; 70 y 737 = 0.388+0.02 ,

: where the error comes from a conservatlve estimate of Systematlc uncertalntles.

.(11) 02/0£

From a total of 26 552 interactions of all types, some 1k 95k two—prong
events were found. _To these must be added an estimated 824 elastic events

with short (and therefore mlssed) re001ls. “From these one gets

g
2 14954 + 824 _
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where again systematic uncertainties determine the quoted error. By combining

(i) and (ii) we find

o, .
E‘ = 0. 388 X 0. 576 0. 224+o 014

.d-.

(iii) o,

£

The most reliable and.precise information on Gt comes from high—precision

‘ counter~experiments.' By interpolation between‘the measurements by Bugg et al.

t

.~ and Galbraith et al., we take O = 17.2%0.2 mb..Jr Combining with-de/ct, we

+:D. V. Bugg et al. . [Phys. Rev. 168 (1968) 1&66] give . ;7.é5i0.12 mb gt

' 2.47-Gev/c, whereas W. Galbralth et al. [Phys. Rev. 138 (1965>j39131 find

¢ of 17 25i0 1 b above 6 GeV/c{ We cohclude

that 17 2+O 2 mb 1s an approprlate 1nterpolated value at 4.6 GeV/c and is

compatlble w1th other measurements of much poorer accuracy near thls momentum.

“obtain o = 3.85£0.25 mb.

" We have also aﬁtempted to check the self-consistency of our data by -
o ; o ' 1 ) + v+
determining the total cross section from a count of T (K = n +1n + 1)

decays.»‘The reeult'is 17.2il.2 mb, in fortuitously good agreement with the

‘counter value. One useful consequence of this result is that it provides a.

irough estimate of pion contamination. If x is the number ofvpions for eech

kaon in the beam, kM is our measured kaon total cross section normalized on

T decays, O

K is the true total kaon cross section, and GJt is the pion total -

y ’ . . ) A\ ..
- cross section, one easily shows that x can be estimated from
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| Taking g, = 17.21.2 mb, 0 = 17.2:0.2 mb, and o= 27 mb!),

§c=oi5% .

'In:is perhaps worth noting that our value'of tﬁe elasnic K+p cross_section
is actually insensitive to pion. contamination because it is'based on a;deter—
mination of the ratio of elastic to-all.events, with the normaiization being
supplied by thevknown total cross section. .Since the ranio of elastic to
total cross secnion for pions ié noo)very different fnom that for K+,'the '

influence.of a small pion contamination'onithe value“of-ce'is'negligible;.

3.2 Angular Distribution

The complete center of mass angular dlsnflbutlon as shown in Flg. l.

. The measured values of dd/dt as a functlon of" |t|, the squared momentum
»transfer, are given in Table 2 and,shown, for the forward angles, in Fig. 2.
A satisfactory fit of‘tne data between |t| 0 05 and |£l.= O.8i:(GeV/c)2
can be made to the'form | |

dg (gg), Bt
at ~ ‘at’o ’

Thevre'sult is do/dt) = 16 0+1.3 mb/( Gev/c)2 B = L. 2+o 2 (GeV/c 2 where
the errors 1nclude the systematlc uncertalnty due to possible pion contamina-

.t;on.” The ratio of real to imaginary part of the forward scattering ampll—

~tude, o with 17.2 mb taken as the total'K+picross seCtion, is

£(0) +0.14"
'Im f(oj‘ 0.25 -0.25 °
This result may be compared with the following theoretical expectations: (1)

The Regge pole analysis by Dass, Michael, and PhillipsB) leads to a prediction

of « = - 0.4 at our momentum. (ii) A variety of dispersion relation
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calculationsms given values of ¢ ranging from - 0.1 to — 0.4 (ref. 9)).
Tt is clear that the errors of our experimental result are too large to permit
differentiatioh between various predictions. It is worth notihg, however,

that this resﬁlt appears somewhat smaller and perhaps in better agreement

" with theoretical expectations than the value || = 0.60%0.1% at 7.3 GeV/c

quoted by Chien et alou).=
The'Regge.pole fit of Phillips and‘RaritalO), with the isovector contri-

butions modified to take account oflthe/fit ovaarifavand Schwarzschildll) to

-all.eharge exchange data, 1is also shown in Fig. 2, and is in good agreement

_with the_data.

. 'As is clear from the distribution shown in Fig. 1, there is a small
aQOunt of scattering in the backward aireetibn. The cross section for scat-
tering through c.m. angles'greeter'than’90 deg is i3i4.pb."The'corresponding

figures’for 3;0, 3.5; and 5'GeV/c'arev33th, 24+6, and 8+5 pb respectivelyu).

Usingvohiy»the eventS’from,}eos 6 = - 0.92 to cos 6 = = 1, we estimate

g%(lBO_deg) = 7_5 pb/sr. A much more precise measurement has been done at

3 .
5.2 geV/clby Baker et a1.6),,with the result’ g%(lBQ.deg) = 10%3 pb/sr. It

“is interesting to note that a recent analysis of~K_p scattering at L.6 GeV/c

'_reports no events at ahgles greater than 90 deg and sets an upper limit to

the backward scattering cross sectionvof_Eil,ublg).. The observed backward

scattering in K_p is generally_interpreted-in'terms-of u-channel baryon

;éxchange. Suehiexchange would, for K p, require_‘S =+ 1 baryons,vfor whose

existence there is no clear evidence.

4.. Discussion and Comparison with Other Data

- We have studied the properties of the forward diffraction peak in K p

'scatteriné, uéing‘bOth ourvdata‘and-other published information. In order
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to have some reasonably prec1se quantltles calculated uniformly for all the
- data, we have made flts at all the momenta to the form

as _ oy Bt - <. e

_— = (= i < = 0.

5= (gl € » with O ltl 0.8 (GeV/c)

In Fig. 3 we plot the values of B for momenta between 1.2 and 14.8 GeV/c.

Tt is clear'that the points follow a smooth curve, and indeed are excellently

fitted by. the function

= 6.8 62 (GeV/c)-2

where.B'is‘the:center—of-mass velocity of the K&p system. - Theme are'sevehal
intereSting,memarks'to‘make here: |

‘. (a) The1prop0rtionalityibetween B and‘62 also occurs in the other well-
 known case of substantial'shrinkage’of the diffractien peak With'energy;'-.
namely prdton—trotbn elastic scattefing; Inéeed,:KfiSChl3) has suggested
BQPE, where Pl is the transverse momentum Pl |t| at'hightenergy) as a
' unlversal varlable in terms of whlch P-p angular dlstrlbutlons can be repre-
sented. ‘In p-p scattering the”coefficient of proportionality B/B is-larger,
?‘namelv abbutle.(GeV/C)—EVinstead’of.6?8 (cev/e)™2. This similarity to the
p-p'lnteraction.is but one of many, including the absence of resonances and
close resemblance in the momentum dependence of elaStic and inelastic cross ’
sections. |

(b)'The asymptotlc value of‘E‘(assuming that this has meaning--that is,

that the Pomeranchuk tragectory is flat) is 6.8 GeV/c 2, . It should be noted '
that for K~ p the value of B changes very llttle w1th momentum and appears to
have, when fltted over the same range of |t|, a value ) of 7.1 to_7.2 GeV/c)-e
Thus the h and X scatterlng in the diffraction peak do become'neafly'identical

at high_mcmentum, although very different at low momenta,. This value of B is
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(fef.vlu)), is.close to the above asymptotic limit.
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also in good agreement. with the value obtainéa in pion élastic scattering,
again aimost independently of incident momentum; |

| (éj If we assume that asymptotically (i) the real part of the forward
sCattéring.amplitude goes to zero, (ii) the tofal cross section remains at

17.2 mb, (iii) the linear exponential remains a good representation of the

‘angular distribution from t = 0  to at least lt] 2 0.6 (GeV/c)e, the elastic

cross section Oe has the'asymptotié_value of 2.2 mb;.and the ratiolde/dt has

the limit 0.13. Both of these figures are substantially lower than those at

the highest measured momentum of 14.8 GeV/c, o_'= 3.41£0.17 mwb, o /o, = 0.20
(ref.”)). However, it is interesting to note that for K p at 10 GeV/c, with

o = 3.20£0.14% mb, ©

. = 22.5%0.2 mb, the value of o_/c,, namely 0.142+0.006

&

We now consider briefly the phase of the forward K p amplitude. ~ For all

_momeﬁta at which measurements have been made the forward cross section_(do/dt)o
- always lies'substantiallyvhigher than the optical value. In fact, as indicated
‘earlief, both dispe}sithrelation,calculations and Regge-model predictions:

lead one to expeétva substantial ratio of real to imaginary forward amplitudés,’

decreasing in magnitude with inéreasing'momentum. The experimental data do

not exhibit any clear trend with changing momentum except the existence of

& sizable real part for the forward amplitude. More précise data are clearly

required to study this question, particﬁlarly since the possible presence'of

a. significant spin-flip term may make the usual,extraPOlations to t =0

somewhat uncertain.

We thank the BrookhaVen-SO-inCh bubble‘chamber staff for help with the

. .exXposure. We also acknowledge the,suppbrt of our Scanhing and Programmingi

Groups, andvthe Data_Handling Group under Howard Whiteob We have benefitéd

fromddiscussiqns with Gerson Goldhaber and erm calculations made by Henry-

Tanz.
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-Table 1. Breakdown of‘aCCepted two-prong measuremehts

Elastic scattering events‘with 4 constraints
‘Elastic scattering events with 3 constraints
i.Events with one missing neutral =~ .

Events with two or more missing neutrals

_InélaSti¢ evénts:in;whiCh a'cbnstraint iszdropp¢d' ,.

'Total'écceptedv'

3 957
80
3 03k

'.r4-208 :

128

a1 wer

[
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Table 2. Angular distribution
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+ ' . :
for K p elastic scattering

|t Average  do/dt ] Average ag/at - »7
- oo value . mb N L 5 value . / mb N -
(GeV/c) . of cos 6 <(GeV/c)%> cqrr (qu/c)» of c9s 6 <(GeV/c)%>A co;r
0.050-0.075 0.9835 13.20£1.08 400  0.725-0.750 0.8059  0.56+0.1% 17
0.075-0.100 | 0.9770 11.91*1.00 361 0.750-0.775 - 0.7993 o.56to.1u 17
0.100-0.125 .0.9704 9.50+0.83 288 | 0.775-0.800"  0.7927 0.46%0.13 1k
o.i25-o;150 0.9638 8.38+0.76 25& 0.800-0.825  0.7861 o,56£o.14 17
0.150-0.175 - 0.9572 8.05%0.73 = 2k 0.825-0.850 0.7795 0.66%£0.15 20
0.175;0.200 0.9506 6.30£0.61 191 0.850-0.875  0.7730 'o.36io.11' 11
0.200-0.225 0.9kl 6.83t0.65 207 0.875-0.900 0.7664  0.46£0.13 1k
0.225-0}250 0.9375 6.57£0.63 199 0.900-0.925 -0.7598 0.26£0.09 8
0.250-0.275 0.931L  5.71#0.57 173  0.925-0.950 0.7532  0.36:0.11 11
0;275-0.300 0;92u3 5.0210l52 152 0.950-0.975 = 0.T466 0.20t0.08 6
0.300-0.325  0.9177  3.80:0.43 115 0.975-1.000  0.7401  0.40:0.12 12
10.325-0.350 0.9112  3.50%0.41 106 1.0-1.1 0.7236  0.27:0.05 . 33
0;350Qo,375 0.90u6 : 3.1hio.38 95 1.1-1.2 0.6973 0.17+0.0k4 20
o.375—o;hgo - 0.8980 3.370.40 102 1.2-1.3 0.6710 0.11%0.03 13
0.400-0.425 0.891k 2.90£0.36 88 1n341.4 0.6446 . o;o33io;oé I
0.425-0.450 0.8848 2.51%0.33 76 1.4-1.5 - 0.6183 - 0.041%0.02. 5
_0.450;0.475-‘ 0.8783 2.48+0.33 75 1.5-1.6 0.5920 0.033%0.02 L
0.475-0.500  0.8717 2.18+0.30 = 66 1.6-1.7 0.5657' 0,016io.01 2
0.500-0.525 0.8651  1.95%0.28 59 1.7-1.8 0.539%  0.024*0.01 3
10.525-0.550  0.8585 1.75%0.27 53 1.8-1.9  0.5130  0.008%0.01 1
0.550-0.575' 0.8519 1.39%0.23 4o 1.9-2.0 0.4867 0.008+0.01 1
0.575-0.600 0.8454- 1.19%0.21 36 2.0-3.0 0.3419  0.002£0.001 2
0.600-0.625  0.8388 1.29t0.22 39 3.0-4.0 0.0787 .0.002%£0.001 3
0.625-0.650 0.8322  1.09%¥0.20 33 4.0-5.0  -0.1845  0.001*0.001 1
0.650-0.675 ~ 0.8256 0.83to.17”1' 25 5.0-6.0 - -0.L47T = 0.002%0.001 3
0.675-0.700 "~ 0.8190  1.02%0.20 31 6.0-7.0 -0.7110 o.oosio.ooé 6
0.700-0.725 = 0.8126  0.96*0.19 29 7.0-7.6  -0.9213 = 0.007*0.003 5
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FIGURE CAPTIONS

o

Fig. 1.: Differenfiai‘crbss éectibn; d0/dQ, for K+p‘eiastic_$¢attering,at
. 4.6;Gev/c. . SR . _ _
.Fig.12..vDifferéntial éfbsé;séction in terms éf”ﬁomenﬁumbtranéf§ilsquéréd: il
- for"fofwérdvéngiés:_uThe Solid curve is.derived fréﬁ #héfﬁegéeifit._ .V
.discussed'iﬁ £he text} | : o
Fig. 3. Momentum dependence of théfparametef B in the fit to fhe;diffractibn
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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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