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-"' r-+ Tho elastic sc~ttoring OI ~ masons on protons is studied at 3.5 

and 5 GoV/c. 'l'hc total 012.st:Lc cross sections are found to be (4.36 ::!:' 0.36)rab 

and (3.82 ::!: 0.4l)mb rospoctivol;sr. Tho differential elaGtic cross section, 

which exhibit characteristic diffr,-:'.ction peaks, are fitted by: 

do 
dt =(~) 

0 

at 
e 

giving + 
a = 3.85 

respectively, with 

0.12 and 4.70 ::!: 0.21 

jtj < 0.65 (GeV/c) 2 • 

(GeV/c)-2 for the two momenta 

The results are compl:cred to those 

at noigh~Jourine energies, giving some support to the presence of a real 

part of th0 forimrd sea ttering 2.IDpli tude. The diffrcwtion peak shows 

definite shrinking -vrith increasing momenta. 'l'ho data are examined in the 

light of models for high energy scattering. 
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+ The K p elastic scattoring reaction was studied at 3.0, 3.5 

and 5.0 GeV/c as part of a systematic bubble chamber investigation of 

K+ p interactions. The fill;1 was ob·'::ained in oxposures of the 81 cm Sacla7 
+ hydrogen bubble cho.mber in a separated K beam from the CERN proton-

synchrotron. The details of the exposure and analysis of elastic scattering 

at 3.0 GeV/c have been published(l), and preliminary results at all three 

mom0nt.::. were given D.t Dubna, 1964( 2). Here, the results at 3.5 and 5.0 

GeV/c aro presented and a comparison is made with the other available K+p 

scattering data, and theoretical models. 

The beam momentn woro precisely determined for each experiment by 

measuring cmd fitting three-prong 0vents · to· the T-decay hypothesis 

(K + -'> r/ n; - r/). The best valuos for the moment2 o.t tho centre of tho 

chrunbor wore found to be 3.46 nnd 4.97 GeV/c, rospoctively, with a spread 

of :!:" 1/2 °/o. Tho beam contamination by pions was less than 5 % at 3.5 GeV/c 

and 5.0 GoV/c. 

About 80,000 pictures o.t 3.5 GeV/c cmd 40,000 pictures nt 5.0 GoV/c 

were scanned for events of tho two-prong topology. Tho ovonts in n 

fiducial volume were me:oS"urod and passed through the st::cndard CElli'J comp1,i.ter 

programs; they finD.lly yj_oldod a sample. of 2949 identified elastic events 

at 3.5 GeV/c and 1436 ov0nts at 5.0 GeV/c. Tho experimental biases were 

investigc:."cDd and a1;propriate corrections wore mo.do as in the 3 Go V / c 

experiment(l): only events with tho.cosine of the scattering anc;J.e loss 

than 0.99, (corresponding to a proton range of "-1.5 cm at 3.5 GoV/c and 

.....,3.5 cm at 5.0 GeV/c) and w:Lth a dip angle less than 80°, were accepted 

for the analysis, (The dip angle is defined as the angle between the 

scattering pJ.ane o.nd the chaHber window). AdditionaJ. cuts in tho dip 

angle, wore imposed on those events with tho cosine of the scattering 

angle smaller than 0.98 (see Table I) 

The o.ng1.1lar d:Lstributj_ons for K+ p elastic sco.ttering at 3. 5 o.nd 5 .O 

GeV/c (after correction for the cuts mentioned, on the basis of tho 

expected isotropic e .. zirnuthal distribution) are given in Table I nnd are 

shown in Fig. 1 for small angles. The expGrimental cJ.istributions show 
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n charncteristic forwnrd diffr0,ct:Lon })Oak of approximately oxpononti.:tl 

shnpe. were fitted by tho foll011j_ng functions, using tho ma:ximum-

li!rnlihood progTam HALIK( 3 ) : 

do: 
dt = ( _d_q)\ 

clt 0 ' 

at 
0 ( 1) 

do / d0\ at + Pt 2 

d.t = c~ct")o' e (2) 

and tho values of ( ~-%') 
0 

2nd of tho p2r::::.rnetors a and P are given in 

Tnble II for hro different rm1.gos of tho squetre of tho rnomcmti.un trnnsfor t. 

As the table sho1rn, there .is 2, sm::cll indj_c,:c.tion of bc.ckward sco:ttering. 

'l'hcc elnstic scci,ttering crorrn sectj_ons vTOro determined from -C.he 

corrected number of events, usi115 tho ext:c't::cpolation to z0ro by tho 

nbovo fits c~nd nllowing for tho scanning efftcioncy detormj_ned by repented 

sc~1nning. Tl-10 + totoJ_ K path scarmed wus do-Corminud from t}10 num1Jer 

( + + - +) of r-decnys K --7 1i; 1~ n , ol)served within tho smnu fiducinl volumo as the 

two-prong events i i:md using tho brcmching frnction of 0 .055 and tho K+ 

lifetime (1.229 :'.:" 0.008) x 10-8 ~-.:ec, (4-) The offect of the be.::rn 

contamination could r)C neglected, as discussed previously(l). 'l1l1e elc.stic 

cross sections woro found to be (4.36 :!: 0.36)rnb, and (3.82 :!: 0.4l)rn.b at 

3.5 GeV/c nncl 5.0 GoV/c, ct:Lvoly. They nre shown together with data 
(r) (r\ 

from other experiE1onts ) - :J; in • 2. Tho total cross .sectj_on j_,s also 

d:i.splayecl. 

The forward scattering cross-soctj_on wns calculated by oxtra~olation 

to o0 of th0 rmgul:u~ dtstrH:iut:Lon clo,ta. 'I'he one-porarnoter fit, whon usocl 

for jtl < 0.65, u;ives (~~)0 = (lG.6 :'.: 1.5) .:md (l;.9 :!:° L9)rnb/(GoV/c) 2 

at 3.5 and 5.0 GoV/c respect:Lvoly, tho two-)ornmotor fit over n vL'.clor 

rringo of -C gives ( 16. 4 :!: l. 6) o,nd (18 .4 :'.: 2. 3) miJ/ (Go V / c) 2 • 'l111os9 Vr\hws 

lie somewhat above tho 11 opticcLl point", although the errors :;ro large, 
(1) 

they confirm the result from thu 3.0 GeV/c d1:ct11 • Tho noptical point 11 

as derived from the optical theorem, in the limi c:',SO of purely 
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imo.ginD.ry fonmrd scnttering tu de 

is cor1i.putod for ctll vc~hws of the totnl croE:~s section shown on • 2' 

a11d plotted on 3 togothor with the valuos of t:ie extra:_:;ofr,tod fon1~c.rd 

oxperimontnl cross soction obtninod in tho present nnd othor neiu)bouring 

oxperimonts(l)(?)(l2 )(l3)• It is soon th0,t, oc~cJ:1 indiviclu .. ctl 

dotorminntion is subject to D,pproci0,ble experimental errors 1 tho exporimentci,l 

points all lie nbove t~o optical points, indicating the presence of a real 

component of the fonmrd sco:ttoring 0,mpli tude. In p0,rticul0,r, if the 

intorpolnted val~o of 17.2 ! 0.3 mb (see Fig. 2) is adopted for tho 

toto.1 cross section 2t 3.5 z:,nd 5. 0 

0.31 ! 0.21 at 3.5 GeV/c 0,nd 0.45 ! 0. z:-ct 5.0 GeV/c «1ro found, using tho 

Tl1c fl1on1cr1turn. of tb.o s of the diffraction is 

sunm11:crizod in 4, T'J_horu t 

Sj10VJS of t C.iffr~~ction i11 tl1c 

of 2 to 5 GoV/c, which is corrolci,tod with tho fact that tho 

inelastic cross section s i~ this reGion while tho tut0,l 

cross scct:Lon romaius constant. I'ho region 0,bove 5 G-uV/c :Lr_:; chc,,rc\Ctorisod 

0, slow shrinking 1 0,lmost linoc:,r 1dth tho incident K+ momontum. 

'.rho moclol of V'.'"n Hove) ( 14 ), in its sirnplust form, asc::uraus z::_ ptll'oly 

imaginary elastic sea tudo, ovorl[cp function of tho 

foru1 oxp( i~t ) • In tb_is cc .. so, t~J.u 

doturminod by 

0 ( f ( 1/2. 
0 

f1J.nct:io11s of c:, pc.r«::i,motur 

tlk ratio u __ j um is an incro0,sing function 
)<; l 

of f. 0,nc1 ro0,chos the wcluo 0.185 for tb; upper limit. The oxporimente,l 
0 

v21uos of tho rc:,tio are on 5, 2nd its upper bound tod 

tb.c; n1odcl is sl10TJil 2s dottucl lino. On • 4, thu dotted lines 

ropreson.t thu vc;ltl_OS of a ,~md ~, At the incident mornentc, 

of thu prosont par:-::,rnetor a h~::,vc not 

yet ronchod -Choir 011org3r liriL~_ts 11 lio1vov(:J°r, it cn11. ·bo seen. the_.t tl10 
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oxperimontnl vciluos nro nlrec.dy rf'~pidly nppronching tho limits at tho 

rclo.tively low momentum of 5 GoV/c, o.nd- then: remc.in constant. Thus it 

mny bo concluded that tho K+p clo.s~ic sco.ttering 0,ppronches o.n nsymptotic 

beho.viour o.t r.2ther 1owor onorgios than, for insto.nco, pp or np olnstic 

scnttering. 

This noarly o.symptcitic bohnviour justifies ecn c,tter:l.pt to com:pnro 

the oxporimentnl clnto. with models dove lo pod for tho interpretation of 

high onorgy sco.ttoring. For insto.nco, Phillips c.1nd Recrit~ (l5) fitted c.11 

previously 0-vo.ilciblo high energy dd:;c. on scattering nnd chc.rge exc:mnge 

for n± N o.nd K± N using o. Rogge-pole moclol with 5 poles, with o. semi--

empirico.l pnrrnnetriz:ction of tho trajectories o.nd residue functions. 

Using tho pnr:::.motors gi von by those nu thors, the totc,l nnd olc.stic cross 

sections, o.s well o.s tho difforontic.l cross sectiuns, wore conputod at 

tho inciclont momonto. of tho prosont oxporiment. The o.groomont with the 

exporimon:c::>.l cbtn is rorncTko.blo, o.s shown by Fig. 6 for tho cross sections 

o.nd by Fig. 7 for tho difforontio.l cross sections :ct 3, 3.5 nnd 5 GoV/c. 

Tho ngroomont is still o.ccopt2.bJ.o, evon nt 2 GoV/c, with tho dntn of 

Chinowsky et nl,(l2) (Fig. 7,d). Those curves show tho.t, o.lthough tho 

dopondonce of the difforenti.'.:1.1 cross sections on It I is o.pprocinbly 

difforont from the exponontinl for s ( 1) nnd ( 2), the; o.greomont with 

experiment persists to tho smnllest meo.surocL vo.lues of It I • It wo.s 

checkod thnt this o.lso holds true for tho m.ensurements of Foley ot nl. 
(13) 

at higher incident momcmt[c. It is int.eresting to note that the 

simulto.neous o.greemont of tho toto.1 cross sections, nncl of the difforential 

olo.stic cross sections for sninll It!, implies also o.n o.greemont with 

o.nothor f00.turo of tho Reggo-polo model, the presence of 11 real po.rt of 

tho forwc,rd elcistic scattering o.mpli tude. It is not cleo.r at this stc,ge 

whothor tho succossos of tho modal is partly fortuitous, as some high 

onorgy copproximc.tions usod by tho moc:o1 mo.y lose validity at such relatively 

low momontc. ci,s ·the ono considered in this paper. :none the less, if only 

as a po.ro.metrization of tho oxporimontal ck ta, tho fit of Phillips nncl 

+ * R.o.rita is found to be o.ccuro.to for K p over o. large range of momentn • 

:!!: Phillips and Rarito. give several solutions for their fit, which o.11 

agroo equally well with tlw prosent dr1tn. 
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Fruitful discussions with R. Arrnonteros, 1. va1 Hove, J. ITaisso 

and H.J • Philli 0 aro c;ra iI1he :J.uthors vrj_sh to 

1 of the 81 cr;1 lmb~Jle cho.mbor, 

and of the cornputor for tlwir continued nolp, as well c:rn their 

ancl rneasurini; staff. Tl10y ~:.re grateful to C. I-eyrou ( CBRN) ancl to 

interest ancl support. 

0 0 

0 
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Difforontinl 
' -' cross-section for K p sent 5.0 

,-, uj 
lTO V C • 'l'he ::io lic:l curvo is et one- ,inrc::,motor fit for It I < (). 65. 

Tho dotted curve is 2 

for !ti < 0.65 the ·[x:c 
Totnl and elastic sen 

f'i t ovor a wider ro.11~-o of t., 
curves overlari 

..J_ 

cross-sections for K'p as n 

function of incidont momentum. 

Fig. 3. Forw::i,rC:. difforont:i_c:'.l cross-soction computed from the opticC\l 

• 4. 

thcw:com, Gild oxporimonto.1 v•c,luGs, zw n functio!1 of inciclont 

momentum. 

differential cros~-section 

linos ::ro the )l'.'OcUc tion:::J 

umximurn V[cluo of its 

J)ararfrc tors a ZlrJ.d ~ i11 n fit to tho 

L' J; .. C• at + ~ nll d. • . l 01 cD.o l orr:1 e • lrle e,s.t10c 

of thu vcm Hove noclel ( 14 ) for the 

f • 
0 

Fig. 5. Eononturn dependence of tho rc.tio 0E/0T of elastic to totn1 

cross-soctfon. T:J.o dottcc,d lino is tl-1e upper limit of this 

r(~Ltio in tho van Hove rnoc.lel. ( 

Fig. 6. Thu total Lmd oli:~stio scattering cross-sections are compo.rod 

to tho 11.ogge-J101o model of Phillips Qild Rarita ( 15 ). 

Fig. 7. a, b, c) ~:1hG oxporiE1unt8l ela,stic ~>cattering differentio.1 

cross-soctions at 3: 3.5 nnd 5.0 GeV/c comJ_:\JTd.l to tho 

i)rodictions of Phi11i;Js ac.'lcl Rnri ta. 'rl:10 two curves corro311ond 

to their solutions 1 and 3. 

d) Sccmo comparison at 2 GeV/c with tho d::,ta of Chinousky ot al. (l2 ). 

0 0 

0 
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Obsorved numbers of eve;its N 1 C1)_t-off c.nglos of clip 6 and max 
difforont~al cross-sections 0,s function of t. 
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Fits to the difforenti&l cross-section 
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