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In a systematic study of two body and quasi two body reactions 

in hydrogen, occurring in tho Saclay 81 cm bubble chamber exposed, at 

C:CRU, to K+ mesons of 3, 3«5 and 5 GoV/c 1 it was found that the bulk of 

tl10 reactions occur as 
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Detailed discussions of those reactions are given elsewhere(l)( 2)( 3)• 

In Fig. 1 the variations of the cross section for r~actions 

(1 - 4b) aro given as a function of tho contro bf nass energy(++). The 

values outside our interval of onorgy are taken from other sources( 4). 

Tho curves are hand drawn and. ohould only bo considered as giving an 

illustration of tho variations of tho cross sections. It is seen that 

in each resonance channel, tho cross section goos rapidly through a 

maximum and then drops rather slouly. Tho interesting question of whether 

or not they tend tmwrds an asymptotic limit remains open until higher 

enorgy experiments aro porformod. Tho data presently D.Vailable is not 

in contradiction 1li th a posi ti vo answer to this question. One may rocall 

tho.t, as far as elastic scattering is concerned, the results at 5 GeV/c 

are already very closo to tho high enorgy limit(l). 

:ll.: % 
The K IT and If K cross sections, as well as the total cross 

sections for KHn final st£:ctes aro sho1m on Fig. la. Ono sees that, 

(+) Those channels have only been studied at 3.5 GoV/c. They have been 

analysed at 3 GoV/c by the Stocl:holn group, whom we thank for 

communication of their results. 

( ++) Undoteotablo final st~ctos such as K+ n°nn + have been taken into account 

by use of isospin invariance. 
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whereas the KNn total cross section is dominated up to 1.2 GeV/c by the 

N*rc system, the fraction of o,uasi two body inside the NKn final state 

drops at higher momenta. 
3lf 31:' 

Tho same remark applies to the K N channel 

inside the KNrm final state Fi,;. 1b. 

Tho comparison between the sum of the cross sections for 

reactions (1), (2), (3) and (4) to tho total cross section can be seen on 

Fig. le. We note that the remaining non...;accounted for cross section 

reaches 10 mb at 5 GoV/c. Although some new resonances appear or may 
£ 

appear between 3 and 5 GeV/c, such as the K (1400) or the controversial 

Knn ("' 1300) ( 5) 1 their production cross section, of the order of 100 µb, 

seems. to be too small to take care of all this difference. One may then 

conclude that as the energy increases, true three (or more) body chal1nels 

arc an important part of tho K+p interactions. 

The distributions of the momentum transfer squared, t, for the 

t ~ 1 (GeV/c) 2• The bulk of the four channels aro shown on Fig. 2 for ~ 

events for the reactions (1 - 4) are found in this momentum transfer 

region. The differential cross sectionsare plotted on a logarithm scale, 

and each distribution is rather woll aJnn·oximated by straight lines, i.e. 

do/dt ~ e -At. Table I gives a m;i.;;;nary of the slopes A for reactions 

(1 - 4) for the three K+ incoming nomcnta. 

Also shown on Fig. 2 are tlw predictions of the peripheral 

model corrected for absorption, assu.'1'1ing that reactions (2) and (3) are 

dominated by vector meson exchange and that reaction (4) is dominated by 

pion exchange. These assumptions boin,'.';· suggested by the experimental 

decay angular distributi.ons ( 2) (3), There is clear evidence for the well 

known fact(?) that the exper.imontal cross sections aro lower than the 

predicted onos for increasing energy, especially in the case of vector 

meson exchange. 

We should re.mark that according to the coherent Droplet 

11odol( 6) the expected slopes A for the quasi two body reactions (2 - 4b) 

should bo identical to the slope obtained for the elastic scattering 

(reaction (1)). As can be seen on Fig. 2 and Table I this is not the 

oaso for reaction ( !~) which is known to be dominated by pion exchange. 
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A.Ylothor striking foature is tho energy dependence of the 

slOJJGs which, for all fou:r ron,ctions, show a small but systonatic 

incroaso ui th onorc;y. I:c t~lis effect is beyond any doubt 

for elastic scattorinc: whore a ronsonablo ex;'.)lfmation (lb) can be 

obtained from tho Eoggo-pole model proposed ~y Philli11s and Rari ta ( 8 ). 

In view of this and of other recent successes(B)(g) of tho 

Rec;go-polo approach, we show on Fig. 3b tho ex vs t, Chew Frautschi, plot 

for reactions ( l ... 4), We ox1iross 

cross section on 
dO' 

tho K+ lalJoratory 

F(t) p2cx(t) ~ 2 
K 

tho dependenco of the differential 

momentum in tl10 forrJ. (:7Je) 

dt 
::::: 

uhore F(t) is soBe function of t alone and cx(t) is tho trajectory. 

This depondonoe for reactions (1 - 4) is shown on • 3a for fixed 

values of t. Tho experirnont[d points wore fitted by least square to 

straight lines whoso slopes arc 2cx(t) - 2. 

It is interesting to verify if tho trajectories are compatible 

ui th tho nature of the exchanged pccrticle as deduced from the study of 

tho decay angular distributions in tho peripheral model. 

Except for the caso of tho elastic scattering, tho statistical 

errors a,re too largo to draw firu conclusions from the so determined 

trajectories (which Qlso arc not necessarily straight lines). Nevertheless 

we can note that : i) the elastic scattering trajectory goes roughly 

Jchrough tho Pomoranchuk pole; ii) tho K:EN and N31c trajectories are not 

too fo,r from the w or p pole, as f3Xpocted from the decay distributions 

which imply vector meson exchange (of course some admixture of A2 exchange 

is also possible), iii) tho pion pole, which on Fig. 3 seems to lie far 

from tho K~rr* trnjectory is act-u0,lly loss than 1.5 standard deviations 

from it and tho slope of tho trajectory is within the errors compatible 

with the slope one night expect for a n trc:Ljoctory ( ,.._, .5 (GeV/c)-2 ). 

(=t:) This forn is equivalen+, as fc,r as the d.cterui.nc,tion of ex is 

I 2cx - 2 concornod, to tho usual forn du dt ,._, s when PK is large enough. 

Evon though this 1::1 not quite truo at our lower :oononta, the deviations 

nro negligible coraparod to our statistical errors. 
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In conclusion the four reactions examined are all·charact~rized 

by strongly peripheral productio1~, they e:x:hib.it a shrinking which, w:i:thin 

statistics, may bo qualitatively described by tho simple~t Regge-pql~ 

oxchnnge model • 
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+ Cros::i sections for vc,rious final states of the K p interaction 

at several energies. The values of the cross sections are deduced 

from tho data given in the reforencos by multiplying the quoted 

ratio of each individual :ceaction to the total cross section~ by 

tho total cross section exhibited in Pie;. le. '11he curve ( u tot) 

was adapted to tho data of counter experiments quoted in Ref. lb •. 

(Although it shows a it wc::,s drawn before the latest results 

of Cool et al(lO) were available). The hand drawn curves are 

an artist rs sr:10othing procedure such that the sum of all curves 

for 2, 3 ••• n body final states yields the total cross section 

curve. The circled points correspond to estimates reported 

without quoted errors. 

Fig. 2. Differe~1tial production crosr; sections as a function of t, the 

momentum transfer squared, for reactions (1 - 4b) at the three 
+ ~ incident K momenta of 3, 3.5 and 5 GeV/c. The second row,K p, 

corrospornlsto reaction K\) -7' K:lt:p~ K::t: -? K0 n + the third row 
+ 

-+ pn and the fourth row to reaction to reaction 
__ + 'J:Jt:Yo K p -? 

l \. ' 

+ 
-;. pn • K\l -/ll:,T:lle -r:lfe _+ - -r:lt: -+ h... 1\ ' l;_ -i> K n , 1\ 

Fig. 3. a) Plots of d.cr/dt vs PK lab for tho reactions considered in Fig.2. 

The published data at 1.96 and 2.3 GeV/0( 4 ) have been used 

( exce1Jt for the K*N:'£ reaction) to reduce the orrors in the 

determination of the slopes Fig. 3b. 

b) Chell Frautschi, a vs t plot for the reactions shown in Fig.2. 

Tho GX)erimental points are fitted by a least square to the 

straight lines shown. The values of the slopes are given in 

Table II. 
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TABLE I 

-At 
Slopo A for dt "" e 

Slope A (GeV/c)-2 

t In torval -· ·-~ --· ···· - - --- '" · ·· -~· ~· -~ --· ·-- ·· -- -~ ·-· -... -· · · · 
( Gov I c ) 2 '.3 • 0 Gov I c 3 • 5 Ge v I c 5 • 0 Gov/ c 

0.04 

0.05 

0.05 

0.1 

1T:!:+ 
-> ·" p 

,.- ... r ... ~-----~-
___ ..._., __ .__,__..._..,._.,. .....,- ""~-,...,.._-

:3 .30 
+ 0.14 Llr.63 + 0.20 - -1.03 ") + 0.17 - _. -

i.oo 3.6 + 0.4 - -

1.00 3.2 + o.6 - -

0.35 7.1 + 1.1 - -
- _...._ ___ - -~- .. _ --------------~..._,---- ------

~:ABLE II 

a(t) = a(O) + at.t 

- + 0.26 - o. 

3.2 
+ 0.3 4.2 + 1.1 - -

3.5 + 0.5 4.1 + 0.7 - -
8.2 + 1.2 10.3 2: 2.3 _J -

~---""·------ '----=- -- -------- ... ,_ - -

0.80 :!: 0.47 
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