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A PROPOSAL 	 TO STUDY THE INCLUSIVE PRODUCTION 

KOOF BY K-	 ON HYDROGEN
S 

ABSTRACT 

We propose to measure the inclusive cross section 

d 2a/dxdt for the reaction (K-P) ~(K~X) with incident kaons 

of 20 to 150 GeV/c. The experiment is intended to study the 

triple Regge region of the x,t plane (0.8<x< 1, 0< -t <3) 

In this region we will be able to compare our results with 

triple Regge theory. By adding the constraints of SU and fac­
3 

torization, we can make direct comparision with the produc­

tion of ~ o and n by ~ 
- . 

The K~ would be detected by the (~+,~-) decay in a 

pair spectrometer such as that used in the K~ regeneration 

experiment E-82. The experiment would be well suited for the 

proposed charged mode of the M4 beam line, where this spectro­

meter has already been used. 

We expect to participate in the installation and tuneup 

of the new charged beam. This time is impossible to estimate 

because of access problems. Once the beam is ready, we request 

two separate running periods. 200 hours for setup and initial 

data taking, followed by a period of data analysis before a 

final run of 30Q
Yl 

hours. 



I. INTRODUCTION 

A major part of high energy physics research is devoted 

to hadronic processes of the form 

A + B + A + B (1) 

or their inclusive counterparts 

A + B + A + X 

One expects that both types of processes can be inter­

preted in terms of the exchange of Regge poles. Processes of 

type (1) can be described by direct Regge exchanges. The analysis 

of processes of type (2) is done through the Mueller generalized 

optical theorem (1), which relates the inclusive cross section 

d 2cr/dtdx for (2) to the absorptive part of the three body 

process 

A + B + A + A + B + A 

In the appropriate part of the x,t plane, the three body forward 

amplitude can be expressed in terms of Regge poles and triple 

Regge/Pomeron vertices; hence triple Regge theory (2). 

The number of trajectories which contribute to (1) and 

(2) is enormous; in most cases any neutral non strange meson tra­

jectory will dO'~1uch as P(Pomeron),Pt,w~p,w,f,A2. This leads 

to a very complex analysis in which it is difficult to draw con­

clusions regarding the contributions of individual trajectories(3). 

One can create situations more amenable to analysis in one 

of two ways; by taking differences of cross sections for processes 

such as (AB) ~ (AB) and (AB) ~(AB) or by studying processes 

which intrinsically select a small number of Regge poles. Exam­

ples of the latter are the coherent regeneration process 

(KLA) ~ (KSA) (Experiment 82) which is pure w exchange if A 



is an isotopic singlet (wand p for other isotopic spins), 

and pion charge exchange (~-P) ~.(~oN) (Experiment Ill) 

which is pure p exchange. 

We propose here to measure the inclusive production 
: ,~ 
~ 

of KO by K- in hydrogen (K-P)·';' (i{lJX) • This process 

should invole only p and A2 exchange, which implies a 

relatively simple situation for analysis by Regge theory. 

We are further motivated by the exis~ence of Experiment 

350, which will measure inclusive production of~o and n 

by~- on hydrogen. By invoking SU and ~actorization of
3 

Regge amplitudes, we will be able to directly compare cross 

sections measured in the two experiments. As indicated in 

Section II., we can compare our data with the simple functional 

dependence on x and s predicted by triple Regge theory. The 

high cross section of the inclusive process assures that we 

will have an adequate data sample for these comparisions, in 

contrast to the study of exclusive processes. 

We expect to detect the KIT by the decay K~ 
+ ~ 

We are very familiar with the properties of pair spectrometers 

through our work on KS regeneration in E-82, and thus expect 

no problems in this area. 



II. 	INCLUSIVE REACTIONS AND 

TRIPLE REGGE THEORY 

Simple Regge pole exchange applied to exclusive pion 

charge exchange, KS regeneration in carbon and particle'~~, 

antiparticle differences of total cross sections has proved';~~ 

be remarkably sucessful at Fermilab energies. Since all of 

these processes vanish as s becomes large, one turns to inclu­

sive reactions for the study of strong interaction dynamics. 

For the general inclusive process 

A + B t C + X PI + P2 + P3 + P4 

we can use the variables 

s = = (PI + P2 - P3)2 
= t 	 + m~ + 2m2 (E l - E3) 

For large s and small t, useful relations are 

The triple Regge description of inclusive processes 

is arrived at by first using t channel Regge poles to describe 

(3) for arbitrar¥ M2. This requires s"'> M2 or (1 - x)«l 

One can then use'?the Mueller generalized optical theorem (1) 

to express the total inclusive cross section as the absorptive 

part of the three body forward amplitude A + B + C -:r A + B + C 

This amplitude is in part describe by a Reggeon-proton forward 

scattering amplitude which can itself be described by a Regge 

exchange if M2»1. We include a graphical description of thes 

steps as Fig.1., taken from an article by Field and Fox (4). 

A more formal description was first given by de Tar et al. (6) . 



The result of this series of Reggeizations can be 
written as follows (2) 

. -i'ITo.i(t) 

1 + Lie 
. 
-
----~------~ 

sin('lTo. (t)sin('lTo.i(t» j 

where i,j,k are all allowed Regge/Pomeron trajectories, Bi(t) 
is the Regge K-KoRi residue,·function, 

is the signature factor, and Bijk(t) is the triple Regge vertex 
function. If i,j,k are all Reggeons, the dependence on s,x is 

, 

If k is the Pomeron 
(6) 

where we assume o.i(t) = ~ + t for all Regge trajectories, and 

0.(0) = 1 for the Pomeron. 

An analysis of (PP) .,* (PX) ustng all available data has 
(4) .

been carried out'1by Field and Fox' using triple Regge theory_ 

While the fits to data are excellent, the authors note that the 
large number of pole terms possible and the neglect of inter­
ferenece terms (i i j) makes it difficult to assess the impor­
tance of individual poles and to test for violation of the 
theory. 

Fox has analysed preliminary inclusive data for 
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using a modification of the above theory (5). The reactions 

fitted invole only p and A2 respectively, and show a dependence 

on x given by (6). 

Within the triple Regge region, the inclusive kaon 

d 2cr/dxdt should be given by a linear combination of (5) 

and (6) with coefficients depending on t. Thr~e Regge graphs
" 

involving p and A2 give (5), Reggeon-Reggeon-Pomeron graphs 
give (6). Some possibilities for the analysis are as follows 

1.) 	A study of the dependence on s for fixed x,t 

will identify the Pomeron and non-Pomeron contribu­

tion to the cross section. One expects 
2 / 	 -~d cr 	 dxdt = Ap + AnP s 

2.) 	Zeroes of the signature factor (WSNZ) are known to 

be associated with dips in dcr/dt for exclusive 

pion cparge exchange. While dips should not occurr 
here (all signature factors are not zero at the 

same time), the zero in all p exchange terms 

at t = -0.55 should allow a direct comparision 
of (K-P) ~ (r) and ('IT-P),,,, (n) All of the A2 terms 

should vanish at t = -1.65, allowing direct compari­
sion with ('IT-P) ~('lT0). 

3.) 	The triple Regge vertices in K-P charge exchange 
include all 'IT-P charge exchange vertices plus p-A 2 
interference terms. A comparision of d 2cr/dxdt for 
the two experiments using SU and factorization could3 
be used to determine the interference terms. They 
would be absent if aCt) is the same for p and 
A2; in any case, the s-~ dependence should make 

them small at high energies. 
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I I 1.. EXPERIMENT - INTRODUCTORY REMARKS 

;. 

In this experiment we study those (K-P) interactiqn:s 

which produce K~ at angles between a and approx. 35 mrad. i?~'" 
, I "'II;"

the incident beam direction. 

The experiment will be set up in the charge M4 beam 

proposed by C.Brown and L.Read. We thank the authors for pro­

viding us with a preliminary draft of their technical memorandum 

which we include as Appendix 1. 

The setup consists of a small hydrogen target and 

a "long lived neutral Vee" spectrometer. 

The charged particles (incident kaons and locally 

produced secondaries) which emerge from the target are swept 

out of the sensitive aperture of the detector by a post-target 

magll~t. This allows us to detect non interacting kaons without 

bia~l.~~·the inclusive nature of the experiment. 

The detector ("long lived neutral Vee spectrometer") 

cons1sts of the standard .arangement of wire chambers and coun­

te.L':> vv1.1ich bracket an analysing magnet (in this case the M4B8). 

Together with our collaborators we have installed and sucess­

fully operated such a spectrometer in the kaon regeneration 

experiment 82.We will investigate the possibility of using 

that spectromete~ for this experiment. 

The important variables in this experiment are s,t,x 

(see page 3). The details of the apparatus most closely rela­

to each of them are: 

s Momentum of the incident beam 

t Angle between the beam and the axis of the 

detector. 

x Length of the drift space. 

We will collect our data in a series of runs for which these 

variables are adjusted to cover the region of interest to the 
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physics of the experiment. 

In the following pages, some of the technical 

aspects of the experiment are discussed in more detail. 



" 
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IV. EXPERIMENT - TECHNICAL DETAILS 

BEAM 

We propose to use the beam as described in the technid~l 
, ' 

memorandum of Appendix 1., with the following modifications'.!, j~, 

The Cerenkov counter is moved from the 1300 ft. enclosure to 

the berm pipe between the 1300 ft. enclosure and the Mx4 pit 
(perhaps part of the berm pipe itself could be used as the 
Cerenkov counter);The last two quadrupoles are moved from the 

Mx4 pit to the 1300 ft. enclosure. We propose, as part of this 

experiment, to implement the charged M4 beam and its momentum 

tagging system, which would become a permanent laboratory 

installation. 

TARGET 
The rate estimates are given for a 0.3 m. liquid hydro­

gen target. Such a target would produce 1% secondary interac~ 

tiona for the outgoing neutral kaons. We hope to use one of 

the "0veral targets built for the now completed experiments. 

',he t-aperture of the detector varies from 

l1t ~ 1."3 (geV/c)2 at = 150 GeV/c
PK 

to l1t ~ 0.7 (Gev/c)2 at PK = 50 GeV/c 

To g;lln access to high values of -t we intend to have the 

beaui ,'avers the;, target at an angle (typically 15 to 35 mrad). 
To e1tminate problems in pattern recognition due to extra tracks 
we will sweep the incident (non interacted) beam and the charged 
interaction products out of the detection apparatus.To achieve 
this we propose to bracket the target with two magnets.ln the 
high -t configuration the incident beam will be deflected 
slightly by the beam transport system, to have it traverse 
the target at its intersection with the axis of the apparatus. 

http:magnets.ln
http:apparatus.To
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The beam will be focussed on a small veto counter, 

well downstream of the target. This minimizes the chance that 
the veto counter be hit by a secondary particle from the target. 

DETECTION EQUIPMENT AND TRIGGER 


The detection equipment (Fig.2.) is a wire chamber 

spectrometer like the one used in the kaon regeneration 
experiment 82. Downstream of the target there is a vacuum drift 

space, whose length is adjusted to maximize the detection 
efficiency and minimize the incident beam interference, both 
as a function of the incident beam momentum. 

Then follows a standard wire chamber spectrometer with 

two 10 m. legs bracketing the M4B8 analysing magnet. 

The sweeping magnet discussed previously will eliminate 

from the detector all charged particles produced at the target. 

An interacting incident K- is indicated (beam trigger) 

by a coincidence of the Cerenkov counter with a beam telescope, 
in anticoincidence with the previously mentioned veto counter. 

The event trigger is a coincidence of a beam trigger 

with a set of signals which indicate the presence of at least 
one particle upstream of the analysing magnet and the presence 

of two particles at the downstream end of the apparatus. The ex­
pected abRAnce 6r long lived neutral Vees, other than KO and A 
makes a'more complicated triggering scheme (such as the one used 
in experiment 82) unnecessary. 

SOURCES OF BACKGROUND. 

We consider the following sources of background triggers: 
Charged secondaries from kaon initiated interactions 
Long lived neutral Vees produced by pions. 
Unwanted long lived neutral Vees produced by kaons 
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The number of triggers produced by charged secondaries 

from the target(which are not swept out of the system by the 

post-target magnet) is hard to estimate. We guess that with a 

post-target magnet of PT = 0.9 GeV/c approximately 1/1000 or 
all interactions will yield a false trigger due to insuffi'9lent 
sweeping. The total inelastic cross section for (K-P) inte;":'r, 

, '0 
actions is approx. 20 mbarn, the cross section for (K-P) = (~sx) 

is approx. 0.2 mbarn, while triggering efficiency is approx. 50%. 

This leads to an estimate of approx. 25% in this class. 

The Cerenkov counter will occasionally mislabel 
a pion as a kaon. For pion/kaon flux ratios of eight (Appendix 1.) 
this is not a problem at the trigger level, but requires reaso­
nable corrections in the final results. Monitoring runs with in­

cident pions will provide the information necessary to make these 

corrections. Indeed these monitoring runs will yield the pre­

liminary information to elvaluate the parameters for the study 
of pion initiated interactions of the type mentioned in Appendix 2. 

The "unwanted" long lived neutral Vees in the study of 
(K-P) = (KoX) are kaons outside the triple Regge region and lambd.as 

produced directly or by the decay of directly produced neutral 

sigmas. The detection efficiency of the proposed apparatus falls 

off quickly when x decreases. This is due to the fact that 
the drift space is "tailored" to the incident beam energy.Low 

energy kaons decay upstream and their decay pions spread too 
much to be detected. On the other hand it is the goal of this 
experiment to i:qvestigate the extent of the triple Regge region

.1:::; 

A preliminary analysis of initial data may well cause us to 
run for some time with a bias towards low values of x (high 
momentum beam with low momentum drift space). 

While (K-P) = (AX) is again a reaction of interest, its 
contribution to background triggers will be small, since inter­
actions at x) 0 dominate. 

http:lambd.as
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In conclusion, background triggers from interactions 

in the target seem to be of manageable proportions. We have 

not considered here the possible triggering difficulties due to 

troubles-with the beam optics. These do not appear to have, 

been serious in other beam lines. 

RATE ESTIMATES 

We base our estimate of the cross section for the 

reaction (K-P) ,...;;> (K~X) on the measurements of (K-P) ~ (K~X) 
at low energies(7) and of (~-P)~(noXo) at high energies (5) 
This yields 

at t = 0 IjOdX d 2cr/dxdt = 0.2.10- 27 cm2/(GeV/c)2 
0.8 
3.01.0 2 30 2 

and ! dt ! d cr/dxdt = 3·10- cm 
2.0 0.8 

Assuming the charged kaon fluxes of Appendix 1., a 0.3 m. 

liquid hydrogen target and computed detection efficiencies, 

we estimate the following data collection rates (events/hour) 

O<-t ( 1 2 <-t < 3 

50 4000 33 

100 2000 17 

150 400 4 

Since we have not found any large sources of 

background triggers, no consideration has been given to equip­

ment dead time effects. 
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v. EXPERIMENTAL EQUIPMENT 

Our current thoughts call for the following sources 
of the experimental equipment. 

The installation of the charged M4 beam (including t~e 
permanent tagging equipment) will be a meson laboratory fac:~iJty 
It will be implemented by the experimenters in collaboration with 
the Meson Laboratory staff. Its cost will be borne by Fermilab. 

The configuration will be as discussed in Appendix 1. and in 

this proposal, except for modifications to be discussed 

between the Meson Lab and the experimenters. 

The small liquid hydrogen target would be construc­
ted by Fermilab, following specifications by the experimenters. 

The Mx4 pit with the M4B7 and M4B8 magnets and its 

power supplies will be used. The second target magnet is 

available but its loan has not yet been requested. 

The respons;ib~lit'y for the detection equipment 
(counters, wire chambers, wire chamber readout system, cables, 
etc.) would be with the experimenter. A large portion of this 

equipment might be obtainable on a loan basisfrom other ex­

perimenters, thus reducing the cost and lead time. 

Standar~ experimental services, such as PREP equip­
ment and beam line control equipment, would be available to 
the experimenter6'i 
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VI. PERSONNEL AND RESEARCH SUPPORT. 

Our present staff of two senior PhD level physicists 
\: ~. 

and one graduate student is clearly insufficient to carry Ct. 
'A, ~ ":", 

out the proposed experiment, as is our present level of gran'f; 

support. It is our intent to augment the UCSD group, to in­
clude Fermilab collaborators and at least one outside 
collaborator. 

We have been advised by the National Science Foundation 
that an increase in the support level is possible but contin~ 

gent upon our being principal investigators for an approved 
experiment. 

If the proposal were approved, we would then expect to 
acquire the funding and manpower appropriate to the ·experiment, 
before the signing of an agreement. 
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APPENDIX 1 

Fermilab 

TWO ADDITIONAL CHARGED BEAMS 
IN THE MESON AREA 

C. 	 N. Brown and A. L. Read 
February, 1975 

We propose two new charged beams in the Meson Area. 

The present M4 neutral kaon beam can be interchangeably con­

verted into a broad band charged beam with momentum capabilities 

up to 200 GeV/c. At 100 GeV/c this beam 'would contain a very 

favorable flux of at least 105 antiprotons per pulse. A simple 

version of the M5 test beam is also proposed which would trans­

mit 5 x 105 lI'-/pulse at 30 GeV/c or 1 x 105 lI'-/pulse at QO 

GeV/c. The implementation of both of these designs is quite 

.-~ nexpensive and involves EPB dipoles .and quads currently on 

A. 	 A Charged M4 Beam 

This proposal for the conversion of the M4 7.25 milli ­

radian neutral beam in the Meson Area into a charged 

beam has b~~n largely motivated by two factors: 

i) the relative dearth of new proposals ~or experi­

ments to utilize the existing M4 neutral beam: 

ii) 	 the extremely large number of proposals for Meson 


Area experiments which require a beam of charged 


hadrons. 


--.-.~-.~.---------------------
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We describe below the design details of a proposed con­

version of the M4beam into a charged particle (1T±, ~l;~· 
~,~ t: J•. 

p and p) beam. The beam would have a maximum momentuntt. 
~ '~;:r t :i· 

of 200 GeV/c. A relatively modest rigging effort Ci '._.~:. 

shift) would>-enable the conversion of the new charged 

beam back into the existing M4 neutral beam configuration, 

and vice versa. The charged beam would contain a parallel 

·sect!on"toenable-thepossible use of a "Kycia" type 

differential Cerenkov counter for particle identification. 

The conversion of the M4 beam to a charged beam within 

the confines of the 14" berm pipe involves alternate 

left and right bends causing the charged line to zig-zag 

within a few inches of the present neutral kaon line. 

~ 	 This design leads toa very small dispersion and, hence, 

the possibility of a large momentum bite and concomitant 

substantial article flux. 

Table I lists the current M4 beam elements in the various 

M4 beam enclosures and the projected charged beam ele­

ments. Fi~re 1 indicates a first order beam envelope 

as calculated by TRANSPORT. The optics is a simple 

two-stage system in both planes with a parallel section 

in the second section. A second order TRANSPORT run 

indicates that the final beam spot will be less than 1 em 
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diameter even with a 10% FWHM ap/p momentum bite. The , t.I 

minimum momentum bite wil~ be 2% FWHM. 


The offset in .the collimators required at the 400', 


and 1000 I gallerys can be affected either by physical:' 

movement of the present neutral beam collimators or by 

addition of inserts to the collimators, thereby shifting 

their effective center. There are no other geometrical 

changes required to change from the neutral to the charged 

configuration; thus the changeover would require less 

than one shift. A power supply change might also be re­

quired to ensure stability at the very low currents 

needed in the sweeping magnets. 

, Estimates -6f -the M4 ·cliar9'e'd' f beam intensities can be made 
:-­

based on extrapolations of particle production data at ' 

3.S mrad by Experiment 104 and at 7.2S mrad by Experiment 

82. Estimates ofp/-rr--,rn'Eensity ratios are based on a 

discussion 	of p/w- ratios in Proposal-302. 


Proton beam energy assumed: 300 GeV 

10 13Proton beam intensity assumed: protons/pulse

Proton ~am target'assumed: 8" long Be target·· 
~p/p acceptance - defined by 

momentum slit M4C3: ±S% HWHM 
~p/p resolution limit (by using 

minimal pip acceptance): ±l% HWHM 
8p/p acceptance amount in M4C 

beam intens'ity estimates: ±S% 
Beam diameter (2nd order 

transport run±S% 8p/p): 1.2 cm x .6 em 
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Momentum Particle Intensit;l Per Pulse 
(*)

'IT± K+ p
10 7 	 10 650 2 X 2 x lOs 

100 2 X 10 6 5 x lOs lOs 
150 5 x lOs 10 5 

,, , 

A crude check of "the charged particle yield was made by 

us in the M4 beam using a simple scintillator telescope 

off-center at the 600' enclosure. These measurements 

confirmed €he-predicti6n~ to within a factor of about 3. 

Note: with the 'IT-/p ratio indicated at 100 GeV/c, it 

should be possible with MWPC's and a differential Cerenkov 

counter in the incident-Beam to tag and determine the 

momentum very accurately for at least 105 p/pu1se. It 

is possible that the Preuss counter currently in the M1E 

branch would be available and could be used for particle 

identification. 

The main expense in implementing this proposed beam 

involves the assignment of four 306.0 quads, two 20120 

quads, and the one 5 ft EPB dipole to be exchanged for 

a 10' EPB dipole. 
;;q 

B. 	 The M5 Test Beam 

We attempt here to revive a previous, very simple design 

for the M5 charged particle test beam. The motivations 

for the design at this time include two factors. 
- . 	 +(*> K fluxes are expected to be lower then K fluxes by a factor 

1. 5 -	 2' "(personal communication by L. Read) 
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The lack of a reasonably intense, simple-to-operatei) 


beam facility at Fermilab. 

~~" ..

• ~~ :",\.,! ~. 
ii) The large number of short tests and quick experJ.-;Zt ..

,.'J ! '.~ 
". ;"i \'i·~.'f:'. 

ments which the Meson Laboratory· has inadequately",:' 

a tt'emptea to ~aceommoda'te in the three charged beams 

in the last year. 

The envisioned configuration of this beam is a simple 

two-stage point-to-point focussing system. The optics 

should enable the beam to run either with a high flux 

and rather poor spot or a smaller flux with a much im­

proved focus. The focus is kept well upstream in the 

M5 enclosure so that adequate space exists for both 

test facilities and a beam stop before the beam reaches 

the Meson Detector Building floor. 

Table II lists the proposed elements in the beam line. 

Figure 2 indicates a first order beam envelope as cal­

culated by TRANSPORT. A second order calculation reveals 

a beam spot size of about .2 em diameter for .1% FWHM 

8p/p, the m~nimum momentum bite, and a 1 em diameter 

spot for .6% FWHM 8p/p, the maximum momentum bite. We 

feel this is adequate for such a test beam. 

Flux estimates for this beam have been made using the 
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Sanford-Wang fit as modified by Wang to fit the data 

of "Baker i et a'l t -i-n -the Ml beam. The pion yield is" ;::~ 
~:".~ 

1012calculated for 3 x 400 GeV protons incident on J~r 
*;f'}f !,;i 
, ; ••~tt;;: 

au Be target per pulse and a .5% FWHM Ap/p momentum 

bite. 

Pion Flux Per Pulse 

'11'+ '11'­

. "20 GeV/c a x lOs 6 x lOs 
40 GeV/c 5 x lOs 4.5 x lOs 
60 GeV/c 1.5 x lOs 1.5 x lOs 

This beam could be built in either a 30 GeV/c maximum 

momentum version or a 60 GeV/c maximum momentum version 

depending on the availability of EPB dipoles. 30 GeV/c 

requires four 3060 EPB quads, three 5-1.5-120 EPB dipoles, 

and one 5-1.5-60 EPB dipole. Upgrading to. 60 GeV/c re­

quires an additional three 5-1.5-120 EPB dipoles. One 

pair of x, y collimators will suffice to define both 

the momentum and angle aperature of the beam line. 

Currently some power supplies, control rack space and 

buss-work -~ the M5 tunnel exist having been installed 

during the original construction phase of the Meson 

Laboratory. Besides the magnets, about 1000 feet of 4" 

beam pipe will be required for the installation of the 

beam. 



M4 

Front End Hall 

- - 400' Enclosure 

600 Q Enclosure 

10C'j,-' Enclosure 

130:) t Enclosure 

1600' Experimental Pit 

TABLE 1 


Beam Line Elements 

Z(ft) Description 

246 Present beam stop, replace with 3Q60 
254 Present 5-1.5-120 dipole, replace 

with 5-1.5-60 dipole 
262 Add 3060 

368 'Fixed collimator (~" x ~"), must be 
2 II xl" for max". chargedbe'aIn 

390 Muon spoilers presently not used, 
replace with beam stop 

655 Horizontal collimator, charged beam 
centered 7 cm east 

661''-'' Vertieal collimator, fi-rst focus forI 

charged beam 

667 5-1.5-120 sweeping magnets 


100S Add 3060 quadrupole 
1018 Add 3060 quadrupole 

-1921 ,Horizontal collimator, charged beam 
centered 7 em west 


1027 Vertical collimator 

1040 5-1.5-120 sweeping magnets 

1322 Possible location of differential 


Cerenkov counter 

1350 Add 5-1.5-60 EPB dipole 


1605 Add 30120 EPB quadrupole 

1616 Add 30120 EPB quadrupole

1710 Second focus of charged beam 
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TABLE 2 


-Front End Hall 

M5 'iunnel 

M5 Enclosure 

M5 

Z (ft) 

62.0 
68.5 

126.0 
135.0 
144.0 

685.0 
690.0 
701.75 
713.25 
724.75 
736.25 

1178.5 
1185.0 
1250.0 

Test Beam Elements 

Description 

Vertically focussing 3060 quadrupole 
Horizontally focussing 3Q60 quadrupole 
5-1.5-120 EPB dipole 
5-1.5-60 EPB dipole 
5-1.5-120 EPB dipole (for 60 GeV/c) 
Horizontal collimator 
Vertical collimator, first focus 
5-1.5-120 EPB dipole (for 60 GeV/c) 
5-1.5-120 EPB dipole 
5-1.5-120 EPB dipole 
5-1.5-120 EPB dipole 

Horizontally focuss~ng 3060 quadrupole
Vertically focussing 3060 quadrupole 
Second focus 
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Appendix 2 

The following reactions are potential candidates for inclusive studies 
using a" K,s- spectrometer and hydrogen target. ":: 

~t: '~~!'" 
Projectile Detected Particle Exchanged Particl~~:t.; 

.~ .. ~.. ;~. 
1t+.".­ K*. K**':;' 

P K.K*.K**.Q 
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c X 

I~~ I->~ 

oo t b i b 

$$ 

.. (b)(0) 

ti~. I. (a) Shows lIl'c inclusive proccSll ab -+ eX. Wh<:TC :I, b, and Clire tit-finite l':utic1cs and X 
=~pre~c!lh anythinlt. (h) Shows the exclmngc or a Rl'll!;c-poie a(1) in the t-ch:tnncl for the in­
;\usiv<'l process ab - l'X. . 

c 

b 

(0) 


c 


o 

(b) 
I ••Q:III~' QI(),~.<,. .,;-- t' =0 

Lorge 
M2 

"­
cqO) i b Qj{t,) I b 

M2 M2 

c 

b 
0 

,;;.~~(c) 

b 

0 

h;!. 'l. 1:,,1 Ij;t;!TlIUl whidl nHTcsl'onds to ~lluarilW ;,"l~tllI1l1lin~: <lver :,11 ,::ot~s X in fi;:. Ih. 
'h 1(.:;,~c\ln·I':Hti'lc fUlward ~l'allcrillt! whidl .. t 1;lIr"';\]7. j, ;'~'I1I11•.'d to h,' dOlllin:lkd hy tilt. 
":\.ch'"'I''' IIf;. Ikt"" 1"'''' "k(l)). (I,;) U;;'1:13111 ""rr,·,pondinf. tt) the tripk-Rl'!!!;C H';;illU for th... 
i:l'!:t .k.~ pn,.:t-""" :." ~. (:X. 

FIGURE 1 



::: 

I 

( ~ 

I 

T I 


3 


\I 

---- --I,...-­,I I I 


I 

I


I 
...... I 

o I 


3 I 
I 

I
. ,I I I ' 

I I
1------1-----:­

~ 
I 


: i 

,________ 1___ _

T I --I 


I I 

t 

...... I I 

o f 
~ I 1 

;::l I : 

I ~u L--- j~ ___ 

I 

_u _____~~ ~ 


(!) ::s 
III 0.. 

3 ~ ...... 
t""(!) ..... (')::s ..... 
(!)~ 

rn. 
(') 
;:r 
(!) 

3 

III
.......... 
(') 

t:Ej 
.g..... 
'0 

3 

(!) 

a 

Beam Counters 
Beam tilt 
Magnet 

Hydrogen Target 
Post-target 
Magnet 

Drift Space
it';. .•. 

Helium Bag 

Beam Veto Counter 

Upstream Counter Plane 


Wire Chambers 

Analysing Magnet 

Wire Chambers 

Helium Bag 

Wire Chambers 
Downstream Counter Plane 



r~' 

:1~O 1'.;\ .Se/:rl'illC1-, INcayasymmdry 

oLt.lined tlsing the RO;; - Ll.+ fi lted par:lmeters. In addition to the vector 
K' (892), the model has a sdi'l.ar.KiT resonance at 1080 MeVwith a width (! 
240 l\1eV. It should ~. ~en!ized that if Re P1I are equal to zero, the daugb; 
resonances in this model have the same masses as the parents. Thus it i, 
the fact that Re P01. ::: 0.78 that causes the scalar K* to be at 1080 instead.' 
892 MeV. Further~ore, it is the low mass tail of this K* and the iSOSl)in :

* .non-resonant S-wave, interfering with the K (892) P-wave which causes t',! 
observed :feOiT - decay asymmetry. 

In summary, we have presented positive eVIdence for the existence of " 
~1i - decay asymmelry in reactions (1) and (2) at 3.3 GeVIe momentum. 
The effect is quite similar in both reactions. An attempt was made to de. 
scribe the asymmetry using the Lovelace-Veneziano model and qualitalil'(' 
agreement was found. 

It is a pleasure to acknowledge the hospitality of the Oxford Bubble 
Chamber Group during an extended visit by the author. The scanning and 
measuring teams at both UCLA and Oxford are to be thanked for their effi. 
cient contributions to this study. , 
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1 
+ -:.",,; ,.. ~~. • 

Abstl':1d: A study i~ l1Htd:; or the eharge-cxchange renctions K p .... ;:~ ',(' :.; 2, alid " 
8.2 GeY/e and h. p" j\()XO at 10.1 GeV/e, where X denote;; ",:.3 i:;ystem of all 
secondary particles different from KO

, with erre~tive mass M. In general it b , 
found that. the J,lroduct!on properties of the KO and of the X system are simllnrf 
for incident K and K mesons. The cross section for KO production is ~ 40(~ (,! J 
the tptal inclnstic Kp cross section in all cases studied. The mnss spectnInl of 
X, da/dM, outside the resonance region, increases exponentially withM, whlk 
the da/dt diRtributions decrense exponentially as exp(-At') for 0 < t' -< 1.0 Gc\,l' with the value of A depending on the mass Mas 11-1-'1 (a ~ 2). The scaling effecI ' 
predicted by Feynmnn is observed for the distributions of x = pi/pi, max1n the 
K+p reactions at 5 and 8.2 GeV /C. It is shown that a simple two-dimensional pa­

J. V.Beaupre et al., KO producing reactiOlls 
383' 

The data used for this work conSist of 6535 events at 5 GeVIe and 
;)H9 events at 8.2 GeVIe of K+p interactions and of 18228 events of K-p 
:.:eractions at 10.1 GeVIe, each event containing a ~ observed to decay 

;.::1,1 two charged pions. The corresponding /-Lb equivalents are 0.29, 0.173 
l.-,d 0.138 /-Lb/events, at 5, 8.2 and 10.1 GeVIe, respectively. 

1 EXPERIMENTAL RESULTS 

! l. Cross sections rametrisntion in terms of M and t' can describe satisfactorily most of the cXP(r, 
mental results. i~: 

1. 	 INTRODUCTION 

In this paper we present results of a study of the reactions 

+ 0 ++" K P -' K seen X , 

o XO- vK p .... nseen , '. 

produced by 5 and 8.2 GeV/e positive and 10.1 GeV!c negative l:aons, illi!~ 
acting in the 150 cm British and 80 cm and 200 cm CERN hydrogen bubbl(· _ 
chambers. The symbol X indicates the system of all secondary particles I 
other than ~. The experimental results on ~ prodUction in reactions (l' 
and (2) are presented in sect. 2, where we also derive simple empirical f 
formulae to describe the mass M and four-momentum -transfer t' distrib. • 
tions'. In sect. 3 a simple overall parametrisation of the data is presenld I 
and discussed. " 

Neutral kaons are particles especially well-suited for this type of st,.' • 
since they are identifi€d easily and observed with little bias. independr~,:: ! 
of their momentum and emission angle. Experiments of this type, often ; 
called "inclusive" [1}, are to a large extent complementary to the exclu:; r r 
ones, which study definite final states. An inclusive bubble chamber illl(! I 
gation is equi valent to a single-arm counter experiment, but has the aM.: I 
tage of covering the .full solid angle of particle emission and of studyin~ :',,: f 
contributions to the various effects observed, deriving from final states J 

different multiplicities. f 
In general the data on the production characteristics of a secondary f'" 

tide can .be presented fully in terms of only two variables. Although S!"', ( I, 
pairs of variables, in principle equivalent, can be used, some choices ::~I f 
more suitable than others for a specific purpose. In this paper we pres>· i 
the data on ~ production In the form of double-differential cross sect;,' 
using several pairs of variables, such as: (a) laboratory momentum PLj~ , 
and laboratory ~ngle (llab of the ~ mesons; (b) effective mass M of a!l if 
duccd particles other than ~ and squared four.momentum transfer (/ ..r, 
"" 1/_1._,_1) from incomin~ to outgoing kaon; and (c) normalised langill-i. t 

• 	 ,. ., ~ V"1 • , 'I' 

The total"number of events in which a ~ is seen to decay into two 

I 
I . '"Irged pions, the total cross section for ~ prodUction and the partial 

:;'55 section for Channels of different charged multiplicities are listed in 
',it'le 1 for the three experiments considered. All ~ cross sections are 
:;'rrected for decays outside the viSible region of the chamber and for un­
Hen decay modes. They are obtained by normalising the total number of 

" '·,('nls found on a part of the available films (corrected for scanning losses) 
( "."the values [2J of the total Kp cross sections listed in the first row of the" 

.~le. The values of the inelastic part of the Kp cx:oss sections are also,·:<>ci. 

As can be seen, the fraction of the inelastic cross section associated 
I,'h If prodUction a~/ainel is close to 40% for both K+ and K- reactions 
I: :he incIdent momenta studied. This is essentially true also for results of 
":.t!f experiments at 3 and, 3.5 GeVIe (see fig. 1). It is interesting to note 
.:~! a ratio of about 40% is found in the K-p experiment at 10.1 GeV Ie also 
I r the ratio anlainel, which corresponds to the other possible charge ex­
~.mge reaction. K-p -4 nX<>. 

1.°11~--'--"---""""~----"---:"",,--...-...., 

-' 
~ 0.5 

b­
....... 


o 
b:t:. 

0' 

O 
! ;;, 1. RatIo of K I:"u __ .(, ,. 
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.. K- P 

ff t t t 
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:.2. nifferentiai.-c'/'oss-seclion distributions 
[n fig. 2 we present the d2a /dPlab dnlab distributions, as functions of 

"'0' for various intervals of the emission angle Blab' The events were 
;r'jghtcd by the factor (211' sin 8labr 1, which takes into account the summa­
:.0:\ over relatively large solid angles. 

A structure is seen near the maximum Plab for small angles in rp re­
).;:tions. This is a consequence of 0.++ prodUction. On the other hand there 
:' no definite evidence for an enhancement corresponding to 0.0 prodUction 
~.l K-p interactions, pres1.l.mably because the corresponding small peak is 
~l.lsked by Nro 

production. The laboratory-moment1.l.m distributions of all 
:nc If mesorFs shown in fig. 3 present the same feature. 

I 

1 2,3. The PL and h distributions 
I Recently Feynman (1] advocated the pr.esentation of high-energy data in 

:crnlS of the variables x =Pj/pt max and Pf. The distributions of x for the 
:\<IJ mesons in reactiolls (1) and (2) are shown in fig. 4. We see that K+ and

I 	~:' data are similar in shape. The distributions are asymmetric around the 
Jxis x = OJ da/dx decreaBes rapidly with increasing negative values of x and 
:;.uch more slowly for positive x values. 

I

K+P-KO+X++ AT 8.2 G~Vlc I K-p-Ro+ XO : 
AT 10.1 G~Vlc 

6 (236)
105 

•
I 

$LAB ' mr~;-tt!:t!++"04~f!:.~!+~~-..- ..... +~ -r..............,.-... -.tl 
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Fig. 2. Double-differential cross-section distribution' d2a/dp:!ab dfl for 
KO 	 ll1bmesons Drodl!ced In rellC!tion!'l 111 Ann 19\ 
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Fig. 3. KO lab momentum distributions for K+ and K- interactions. The lines 
represent the predictions of the parametrisation described in sect. 3. The soli,: 

, lines are for the fitted region, the dotted lines ~or the extrapol:J.tion. 

These daldx distributions for KO may be compared with those obtained ; 
for protons [3J and pions [4] produced in pp interactions. For protons, f 
da/d." is essentially flat, whlle for pions it decreases rapidly with incrc.l,' ~ 
ing Ixl. Thus, ~ mesons present a behaviour intermediate between that:: ! 
protons and pions, Le" they tend to keep the momentum of the incidenL p~: t 
ticle, but to a smaller extent than the protons. t 

It is interesting to note in fig. 4b that the do/dx distributions for reacH, i 
at 5 and 8.2 GeV/e are not only Similar, but p.racttcallY identical alst).~ t 

absolute value (no normalisation was made), at least for -0.5< x < +0.7. . 
This may be taken as evidence for the scaling behaviouI predicted by Fey:· 
man [1], I.e. do/d.t' distributions are energy independent, ~.: l'~3st betwccr,,' j; 
and 8.2 GeVIe for K+p interactions. ,' .. , 'l 

In fig. 5 we present the distribution of do/dP~ for ~ mesons. The expt; t 
mental results can be described satisfactorily both by an exponential fune: i 
of p2 and by the ~occoni-Koester-Perkins formula (5] in the region of • 
P~ ~ O.~ (GeV/c~ , which contains the great majority of the events. 
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, ~. Missing mass speetr.a 
Fig. 6 shows in a semi-logarithmic plot the mass spectrum of the system 

1; in reactions (1) and (2). For low'l:nasses of X, enhancements are observec 
, ~ich are due to prQduction of baryonic resonance;:;. At higher masses, 
.,·,ve aboul 2.0 GeV, however, it can be seen that the distributions are es­

smooth and consistent with an exponential shape. This higher mass 
:"~iOIl can be fitted with the formula 

da.!~ fllv[ 
dM=''O'O e (3) 

It.!! values of the fitted slope h'and of the normalisation constant ao' as 
;t·n as the M-region over which formula (3) was fitted, are given in table 2. 
nlC same procedure was repeated for events with tf ~ 1.0 GeV2 and the re­
~.lllS are also given in the table. 

In aU the three cases investigated the slope k for the total sample of 
,';ClllS has a value betW€9~ 1.6 and 2.1 GeV-1 j for events with t' ~ 1.0 GeV2 
;~.•. value of k is somewhat lower and varies between 1.3 and 1.B GeV-l. 
~hcre is.a tendency for the value of f~ to decrease when the incoming energy 
.c:~~ases. 

The fact that the mass spectrum of the system.X is exponential is sur­
;,rising since this distribution is a superposition of all the spectra corre­
'?,lllding to the various multiplicities in the final state, which, as can be 
i':~Jl in fig. 7 for some examples of 4C and 1C fitted channels, individually 
.re by no means exponential and differ very much among themselves. 

In order to study in more detail the mass distribution of the system X 
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Table 2 k 
Fitted coefficients in formula (3), do/dM '" 0 0 e M 

k x2/degrecs viMass range \ t' range' ero
Reaction (GeV-1) freedom(GcV) (GeV2) OJ.b/GeV) 

40.6 ±2.0 2.10 ± 0.05 21/8All 
K+p ..... KOX++ 

2.0 - 2.5 
at 5 GeV/e 	 0-1.0 49.6 ± 2.4 1.81 ± 0.05 32/8 

All 17.1±0.8 1. 70 :!:(h05 47/27 
+ KO ++K p-' X 2.0 - 3.45 

at 8.2. GeV /e o	-1:iO 44.3:1:2.1 1.33 ± 0.05 36/27 

All 19.1:1: 0.9 1.65±0.05 42/34 
K-p ..... ~Xo 2.0 - 3.8 
at 10.1 GeV/e 	 0-1.0 . 34.1:1: 1')!Z.. 1.3l± 0.05 42/34 
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t 
,,·:.e lines in fig. 6a represent the phase-space predictions. Those in fig. 6b are fits 

to the data with eq. (3). 

t 

I 
II' have calculated the phase-space mass distributions for systems consist­
.; of a nucleon plus n pions (n ranging from 1 to 7) and then we have added 

_':111 together under the assumption that for multi-neutral channels the rela­
'.o(! probabilities.of observing a given number of neutral particles are given 
~i statistical isospin weights [6] applied to the cross sections of the 4C and 
;C ('hannels. It is interesting to see that ther;esultin.r; curves shown in fig. 6, 
Ire roughly exponential in the M-regions.!~peeff.i~in table 2. Thus the quaIl­
',ti\'c behaviour of the mass spectra 1n ther<egton under discussion may ap­

'­ j"~r as a first approximation a phase-space effect. One does not expect, 
, :, ~'c\'er, phase space to provide by itself a satisfactory description of the 
I : .~;t. Indeed it is well known that phase space grossly fails to describe the 
! :.'trlbutions that reflect the perip'heral character of high-energy interactions, 
, ,,~e di:l'/dt' (see next section) or PL distributions. 
. As can be seen tn fig. 6, for a fixed band of M-values we observe a strong 
t ,',,"',.,.,( 1'1""_"'_..#1"11_""'''' *""* ~c..,.. ,.._",.,,,.. ,..",.. .. -4 ..... _0' .:,.... f.'hn .... "'1"'Ii"'I"O t ....nT"1 r; +-", 1(\ (!o,,\r/,. ... 
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decreases with increasing primary momentum t approximately as pi;,~5, f rit:- 8, Distribution of the squared four-momentum transfer from incident kaon 
similarly to what is observed for two-body charge-exchange reactions Ii t to. produced KO

• 

2.5. Four-momentum -transfer distributions j 
In fig. B are shown the da/dt distributions of ~ for both K- and K+ in: . 1 

dent particles, and in fig. 9 the do/dt' distributions. It may be seen thaI ;" J 
general shape of the f and t' distributions of the t' mesons produced in t: ~ 
and K+ interactions are similar and greatly at variance with phase sput!' f 
predictions, (dashed lines in fig. 9) in the region 0 < t, < 2.0 GeV2 which (1 I 

tains 80% of the events. 

The t' distributions for dIfferent mass bands of X are presented in fi~ , I 
In the small I' (t' :!; 1. 0 GeV2) region they are consistent with the expom':· t 
tial . t 

(dO)'-, -At'= (const) e • . 
',I 

!I 
dt M=const . 

't , •• t _ ~ __ _.~1;1._ f'_~._ '1'1'1 1"'1_,,1. v+_ t_..... _,.. ... 40.f ....... t"I .... "'"'"I't,.. ...... f-l-ita .1.­2•5 nl)nt'!ndt': 

The fitted values of the parameter A for each mass interval of 100 MeV 
,,:he region 0 .I!:; t' .:;; 1.0 GeV2, are presen~ed in filS. lla and llb. Again 
.'''re is no Significant difference between K and K -induced reactions. The 
. :nbined K+ and K- data are presented in fig. llc. The decrease of the ~~_ 
~ ~('Iltial slope with increasing mass of the sY.~.t~;.n, 1?foduced, reported in 
;!.eral experiments of hadron collisions and-photoproduction, is clearly 

:.!irmed here. The combined data for the ~friaiion of A with mass have 
;>":1 fitted with the relation 

( M)-a
A = c M. ' Mo =1 GeV (5) 

. 0 

'HI ralues of c =26.4:1:: 2. 5 GeV-2 and of Q = 2.34:1:: 0.12 were obtained. 
It is known that 1T+P interactions at 8 GeV/e can be well described by a 
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momentum transfer to the nucleon [8]. In that case of 7ip interactions at \:' 
relatively low momentum of 8 GeV/c, the leading 1T-meson is lost among.: 
various pions produced. The situation we are considering here is diffen: 
In reactions (1) and (2) the outgoing KO has strangeness and mass diffew' 
from those of the produced pions and therefore tends to conserve its ider.:. 
of primary particle. We can expect therefore that the production charac­
teristics of the ~ mesons will be more similar to those of protons than :. 
those of pions, and thus that the matrix element will not depend only on Ii.: 
momentum transfer to the proton. We have nevertheless checked whether ~. 
is possible to describe reactions (1) and (2) assuming that the matrix ei'::;.1 t 
squared of these processes depends only on the four-momentum transfer t 
from the incoming to the outgoing nucleon. The dashed line in fig. He gIl' I I 
the result of the calculation of the exponential slope of the t' dlstributiofl~\ 
As it can be seen, the values predicted for the parameter A are in drasn~ i 
disagreement with exper1ment. i 

2.6. K* production in 1'e({cttOI~S (1) and (2)' I 
. In a missing mass experiment of this kind, one is led to v1sualise the):' f 
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Fig. 10. The"t' = It-tmin I distributions of KO for different mass bands 
of the system x. 

H produced alone at one interaction vertex not correlated with the pa.rticies 
: ,nlained in the X-system. This does not, obviously, correspond to reality. 
I, particular, an impo rtant fraction of the ~ mesons must oerive from the 

of K* resonances. In fig. 12 are presented the (~r.+) effective-mass 
';,cctrum for reaction (1) and the (~11-) effective mass spectrum1for reac­
:/-1\ (2). In both distributions one can see a strong K* (890) pr:ak

t 
that in­

about 25% o~ the ~ mesons. We estimated that, in tot:.l about 40% of - . *:~(: K mesons produced at 8 to 10 GeVIe derive from the kn..>wn K reso­
:..lnccs, both in charged and neutral states. Since K*(890) gives the largest 
:lllltrlbution, we nave verUled that the general behav~our ~:' the ~ deriving 
!nlm the K*(890) mass bal!d is similar to the behavio:,Jr o:.:le :~ from mass 
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with A c(MIMo)-a, The dashed line represents the calculation described • 

in subsect. 2.5. 

bands adjacent to K* (890) in the (Kon) system. Therefore, we conclude th:l: 
the general behaviour of the ~ is not greatly affected by resonance produr. 
tion. 

3. 	 PARAMETRISATION OF THE DATA 

We have shown that for small t' values (t' ~ 1.0 GeV2), the t' dependen,'( 
of the cross section for each narrow band of the mass M is described by lh( 
empirical formula (3), and the M-dependence of the exponential slope A is 
described by the function (5). As one can see in fig. 10, the t' distribution 
is well described by our exponential fits also for t' values somewhat larger 
tha,n 1.0 GeV2• Therefore we can try to extend our parametrisation over I~( 
whole kinematically allowed region. The double differential cross section 
may then be written in the form: 

d
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I'!~. 13, Two-dimensional plot of t' versus M for all KO events in reactions (1) l1tId 
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i 
1 

_~2~_-= (t!~{M_ra eXP[kM*e(MIMo)~atl], i ( M)-a 
i with a::::; 2.f Mo ' d/'g.'1G/-:~·· Mo 1 - exp [*e(MIM } OJ o

where the parameters ao and k are the constants given in table 2. The n· 
gion of strict validity of this formula is limited to the same range of M .\ 
for eq. (3), Le. 2.0 - 2. 5 GeV and 2.0 - 3.45 GeV for K+p reac~ions at 5 ;I:,,~ 
8.2 GeV/e, respectively, and 2.0 - 3.8 GeV for 10.1 GeV Ie K p reaction~ ; 

The limits of strict validity of the parametrisations are shown in fig.:: ' 
by the solid lines delimiting rectangular regions in the plots of M versu~ ; 
Though these rectangles cover a small fraction of the kinematically aBo'.i:.. 
areas, the events are strongly concentrated in the region of large M and 
small t ' , so that, for both ~ and K- reactions, the rectangles comain ~;:. 
proximately 50% of the total events. As an example of the accuracy of the 
parametrisation of eq. (8) in describing the ~ata, we show in ,fig.. 3 the c::;' 
culated distribution of da/dPlab' The curve 1S drawn as a solld hne for If.( 

Plab region where eq. (8) is strictly valid and as a dotted line for the eXlr; 
polated regions. As can be seen in fig. 3, the solid line covers a very SI:. 
range of Ptab and the extrapolations at high momenta and at low momcn:" 
down to about 2 GeV/e satisfactory describe about 80% of the events. D1.'· 
agreement is noted, however, specially in fig. 3a, i,n the high momentum 
range, at the values of Plab which correspond to baryonic resonances pr(· 
duction'(mostly t.(12S6)). Besides, for momenta below::::; 2 GeVIe, the p:.­
rametrisation is definitely inadequate; this region corresponds to ~ me· 
sons produced backwards In the C.m, system. 

All the other experimental distributions presented in this paper have t··, 
compared with the predictions of parametrisation (8). The results are nr,'. 

namely that the description is adequate, except for baryonic resonance pr 
duction and backward emitted ~ mesons. 

6. CONCLUSIONS 

+ I ­In the study of 5 and 8.2 GeVIe K p and 10.1 GeV e K p interactions c:! 
taining a ~ in the final state plus the system X of any other particles, ILe 
following results were obtained: 

(a) There is no qualitative difference, apart from absolute cross sec!;! 
in the production characteristic of ~ by K- and K+ mesons. 

(b) There is no strong energy dependence for the probability of the in­
elastic charge-exchange reactions, Le., f1e fr?cE::m of the inelastic reac' 
tions giving KO mesons is approximately constant between 3 and 10 GeV,'( 
and equal to about 40% of the total inelastic cross section. 

(c) The distribution of the effective mass of the system X is exponenti;; 
for 111 ~ 2.0 GeV, in all cases studied. 

(d) The daldt' distributions for a given band of the mass of X can be W" 
for small i' values, with an exponential exp (-A('); the parameter A of the 
exponential decreases with increaSing values, of the mass as 

j 
, 
"~ribing about 50% of the events. 

ft would, be of great interest to compare these results with the limiting 
,",l;lllentatlOn model [9], Feynman's ideas [1] or the thermodynamical 

I ::. ;leI of Hagedorn [10]. Unfortunately, at present, these predictions are 
. ::: available in a form which may be directly compared with our experi­
t ('1)[:11 data. 

Il We are indebted to the operating crews of the CERN proton-synchrotron,
} ,;.J cm BrItish, 80 cm and 200 cm CERN hydrogen bubble chambers and to 
t :~ constructors of the beams. We would like to thank the scanning, meas­
" '::"g and computing staff of each of our laboratories. We are pleased to 

• •.:1owledge helpful discussions with Dr. R. Armenteros and Professor 
"" Peyrou. 

(c) For a fixed band of M, we observe a strong energy dependence of the 
'~ ss section, which in the range from 5 to 10 GeVIe decreases with the 
.:rcasing primary momentum approximately as Pi265, similarly to what 
'; ubserved for two-body charge-exchange reaction~. 

(0 The values of the parameter A of the daldt' distributions are much 
':bcr than those expected from the peripheral production of nucleons. 

(~) The production of K* resonances does not affect significantly the . 
i,(;:cral behaviour of the ~ mesons. , 

(h) About 80% of the data are reasonably described by the two-dimen­
I.nal parametrisation in t' and M given by eq. (8), deduced from fits de­

shown here because the situation is always the same as described for fi; 'j
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ABSTRACT. 

This addendum represents a detailed look at the physics 
and analysis which is presented more concisely in the main 
body of proposal P-383. 

We argue here that Mueller analysis and Regge theory 
have made inclusive reactions an important tool in the study 
of stron interactions.. There have been many inclusive experiments 
done at Fermilab and elsewhere,but their usefulness has been 
limited by one or mO.re of the following: . 

1.)The kinematic region (x,s,t) is not appropriate 
to the Mueller-Regge analysis •. 

2~)The experiment lacks the statistical power 
to make definite tests. 

·3.)The experiment uses a r:eaction whose com­
. plexity in" terms of Regge exchanges excludes 

any meaningful test or application of the 
theory. 

The experiment we propose here is in the right kinema­
tic region,has high statistical power and can be analyzed in 
terms of the p-trajectory and its exchange degenerate partner 
the A2 .In addition to making definite studies of the Mueller­
Regge type,the joint analysis of this experiment with the 
inclusive pion charge exchange (E-350) and inclusive kaon 
scattering (e-118A) experiments permits additional conclu­
sions unavailable from any single experiment. 

As part of this addendum we present a proposal for 
a high intensity high momentum charged tagged beam for the 
M4 line.It is economical to install and very ~a~ to convert 
back to a neutral beam and should have a ~-:K :P ratio of 
20:5:1 at 100 Gev/c • 

• 




I. INTRODUCTION 

One approach in the phenomenology of particle interactions at high 

energies is the description of scattering amplitudes in terms of their 

singularities and residues in the complex angular momentum plane. This 

approach, called Regge theory, is attractive to the extent that singularities 

are dominated by simple poles. 

The best way to obtain specific information ab.out the _structure of 

scattering amplitudes is to carry out those e~periments which. isolate single 

Regge exchanges. One can -study trajectories and test for cut contributioris~ 

violation of exchange degeneracy, factorization, etc. in a relatively Simple 

situation. The physical interpretation is then highly constrained, and 

deviations from the predictions are not masked by the degrees of freedom 

inherent in a multiparameter fit. The problems of multiparameter fits are 

discussed in the analysis of P + P -+ P + X by Field and Fox(l), where 

several choices of the possible exchanged trajectories are shown to fit 

the data reasonably well. 

In Table I we show_the completed Fermilab exper';'ments which meet our 

criterion o~ simple exchange structure 

Experiment Description Exchange 

82 KL + C -+ Ks + C OJ 

104 Particl e/Anti particle
di fferences of 

w.; p 

(If ,pL (K,p) and 
(p,p) total cross 
sections 

III 
.. 

7f + P -+ 
0 

7f + n p 
Ow 

7f + P -+ 
0 n. +; n A 2 
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In each case the experiment involves the exchange of a single trajectory, 

or there is a linear combination of measurEfcross sections which can be 

described by a single exchange. 

The experiment we propose here, 

K- + p + KO + X 

4 Ks 
studies a process involving only the exchanges of,p and A2, which appear 

to be an exchange degenerate pair of trajectories. By itself t and 

in conjunction with other Fermilab experiments, it opens the door to a 

number of tests of ordinary and triple Regge theory, factorization and $U3, 

exchange degeneracy and the measurement of Reggeon-proton cross sections. 

The high cross section for the inclusive process yields a statistical accuracy 

unobtainable in exclusive. reactions. We cover a region in $, x and t 

inaccessible to previous kaon charge exchange experiments. 

The exchange of K* or baryon trajectories occurs in processes where 
O

a K or A final state i~ produced by an incident pion or antiproton. While 

such processes are not the subject of this proposal, we are able to tag 

pions and antiprotons in the incident beam, and it is likely t~~t the data 

system has enough capacity to allow taking pion and antiproton interactions 

concurrently with the kaon interactions. In this way, we 'expect to gather 

preliminary data on a number of additional processes which may be the subject 

of future proposals. 
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II. INCLUSIVE REACTION PHYSICS 

In this section we discuss some of the physics which can be extracted 

from some of the kaon charge exchange data. We estimate cross sections, 

data collection rates and measurement errors on some quantities of interest. 

To study the process 

with 4-momenta 

we use the customary variables 

s = (PI + P2)2 

t = (PI - P3) 
2 

M2 = P~ = (PI + P2 - P3)3 = t + m~ + 2m2(EI - E3) 

For l~rge s and small t, useful relations are 

x = E3/EI 

M2 + t + m~ + s(l - x) 

where E1 and E3 are the laboratory energies of charged and neutral kaOD 

respectively. 
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We will 	 collect data in the region 

40 < s < 300 GeV2 


-3 < t < 0 (GeV/c)2 


0.8 < x 	< 1.0 

These limits are determined by the range of applicability of Regge theory, 

available flux in the M4 beam line and good detection efficiency of our 

equipment. While the range in.s is determined by the range of beam momentum 

and the range in tbY the cross section, the range in x depends mostly 

on the detector arrangement. When the detector is optimized for the range 

0.8 < x < 1.0, enough data will be collected for x < 0.8 to study the 

scattering amplitude as one leaves the "triple Regge region. JI 

As discussed in our proposal P-383, one can use the Mueller generalized 

optical theorem and Regge theory to show that in the above region the inclusive 

cross section can be written 

2 
d (j 	 "dtdx = 	 ~ 

ijk 

where F. 	'k(t) is a collection of Regge residues and signature factors, i and
lJ 

j refer to all allowed exchanged trajectories and k enters from the'R~gge 
. 

description of the Reggeon-proton total cross ~ection•. '. 

This remarkable result has been known for about four years, but 

has been subjected to only the most rudimentary experimental tests, Data on 
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inclusive kaon charge exchange amount to a few thousand events at 8 GeV and 

14.3 GeV. Most of them are outside the triple Regge region. There is a 

large amount of data for P + P + P + X, but as mentioned before,the· 

multiplicity of allowed exchanges permits only very general conclusions to 

be drawn. All of these data are in general agreement with the predictions 

of triple Regge theory and have been used to e~timate 'our data rates. 

Our numerical estimates are made for a single exchange degenerate Regge 

trajectory 

<lR(t) = 0.0 + 8t =0.55 + 0.925 t 

and for the Pomeron trajectory 

<l (t) =I
P 

In that case, the expression for the inclusive cross section becomes. 

With the abovementioned numerical values we get 

2 -0.1 - I.BSt 
~tax = FRRP(t) (1 - x) 

+ FRRR(t) :s (1 - x)-o.ss - 1.BSt 
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From inclusive kaon charge exchange data at 14.3 GeV/c we estimate 

FRRP(t) = 4.4 mb/(GeV/c)2 

Because of the 1/IS dependence of the RRR term,.we, ignore ,its contri buti on 

to the rate estimates at the higher Fermilab yalues of s. See Appendix I 

for typical rate estimates from th'e RRP term alone. 

The proposed experiment will generate a data sample of several million 

events in the (x,t) region appropriate for the triple Regge analysis. The 

following are possible approaches to such an analysis. 

1) Measurement of p and A2 Regge trajectories. 

2For M«s, ordinary Regge theory gives as an expression 

for the cross section 

2 
~ = F(t M2) s2a(t) - 1 
dtdx ' 


corresponding to the diagram 
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the s-dependence of the cross section at fixed t and M2 will 

yield a{t) for -3 < t < 0 (GeV/c)2. The errors on a{t) also depend 

on t; a 100 hour run with 50 and 100 GeV/c K- will yield an 

error in a{t) of about 0.01 at t = -1 (GeV/c)2, where a(t) is 

expected to be about -0.4. There are of course other ways of 

extracting a(t) from the data, but this is probably the most 

direct one. 

2) Combined analysis of. inclusiv.e kaon charge exchange (P383) and 

inclusive pion charge exchange (E350) 

Exchange degeneracy, SU3 and factorization predict that 

where ~(t) can be determined either from kaon or pion charge exchange 

data. Because of the existence of zeroes of the Regge signature factor, 

the t-dependence of deviation from the above relations ca~ be used to 

diagnose their origin. If only p and A2 trajectories are degenerate, 

one has the weaker condition 
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3) Combined analysis of inclusive kaon charge exchange (P383) and 

inclusive charged kaon scattering (El18A) 

The analysis of the process 

in progress at the single arm spectrometer- facility; will involve 

the Pomeron, w, f, p and A2. According to Finkelstein and 

Rajaraman(2) isospin symmetry allows one to subtract the p, A2 

terms of 

from 

By assuming complete exchange degeneracy of p, A2, wand f, one can 

subtract all by the PPP, PRP, PPR AND PRR vertices. The latter two· 

go as S-\ so we will get a relatively unobstructed view of the triple 

Pomeron vertex from the remaining,PPP and PRP terms. 

4)· Relative amounts of RRP and RRR couplings. 

As noted in paragraph 1), at fixed t and M2 ~~~x varies 

as s2a{t)-1. If we fix t and x, we have 

a (0)-1 aR(O ).-1 

= f(t,x)S P + f(t,x) S 


RRP RRR 


~ f(t,x) + ~ f(t,x) 
RRP ;S RRR 
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To the extent that ap('t) behav.es like a simple pole with ap(D) = 1, 


we should be able to identify RRR terms down to about. 1% of the 


dominant RRP term. 


5) Test 	for exchange degeneracy and interference terms. 

If ap(t) = a (t) (weak exchange degeneracy), the Regge
A2
 

signature factors make all. p - A2 interferen~e .terms identically 


zero. Such terms are also dis~inguished by being odd under charge 

conjugation, and he,nce are the only terms to 'change sign when 

comparing K±+p + KO+X++ with K-+p + ~+XO in the triple Regge region. 

Such terms are RRR, whose contribution is 	largest at small values of s. 
. + ++. . 2 . 

We therefore propose to take some data on K+p + KO+X at S = 100 (GeV/c) . 


(PK = 50 GeV/c) in order to compare ~ith data on K-+p +?+xo for 


the same beam energy. Any difference would be evidence of p - A2 


interference. 


6) 	 The preceding analyses have all assumed the validity of Triple Regge 

Theory. Since the'p-trajectory has been measured for -1 < t < 0 (GeV/c)2 
-

by pion charge exchange (E-111), we are able to predict the dependence 

of d2cr/dtdx on s,t and M2. All of these predictions involve the same 

aCt), so we can test the validity of Triple Regge Theory ·i'nterrjal'y by 

determining aCt) by several different types of analysis (see paragraph 1, 

and Appendix I, for example). 

7) 	 As shown by Finkelstein and Rajaraman(2), d2cr/dtdx can be written in 

terms of a KKp residue function (determined from exclusive scattering 

or from the Venezi ano Model) and the Reggeon-proton total cross sect; on. 

We are therefore able to,measure the Reggeon-proton total cross 

section as a function of Reggeon mass It and M. 

http:behav.es
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APPENDIX I 

We est"jmate data rates and cross sections as follows: 

I} The t-dependence of either RRP or RRR is of the form 

B ::: 0.925 


+ 0 ++. '}.From K+p -+ K +X data at 8 GeV/c s we find T{t = const for 


-1.0 < t < a {GeV/t)2 to about 10% {see Figure I}. 


2) With the above approximation for F{t}, we can integrate 
d2cr
dtdx over t 

·00
2 cxJ d cr dt = [F (1 - x) 1-2 o + FRRR {1 - x} -cxo] J dt (1 - x) -213t 

-00 dtdx RRP Sl- 0 -00 

l 2 
(1 - xl - ,,0 + :~~Ro (1 - xl -a~[ 2a 111-X)J=[FRRP 

on comparing the above distribution with data for K-+p -+ KO+X 


at 14.3 GeV/c s we find the data consistent with 


F ::: 4 4 mb ,. FRRR ~ a mb 
RRP • (GeV/c)2 

(s (GeV/c)2 

(see Fi gureII) 


Since the RRP term is independent of S and the RRR term goes as S-t: we
25 

estimate cross sections at higher energies using the above values. 



Table II gives the cross sections and rates for bins of 

At = 0.2 (GeV/c)2 

and Ax = 0.1 

at 

PK =100 GeV/c (5 = 200 GeV2) 
, . ' '2 

For each bin, the fi rst entry ; s Aa =Jdt. Jdx ~t~x ' ;nllb, and the 
At Ax· 

second entry is the 'number of events expected in the bin for a 100 hour 

run with 4 x 105K- per pulse on a 0.3 m hydrogen target (43 events/llb/hour). 

We estimate an average 50% detection efficiency; one third of the 

neutral kaons decay to two charged pions. 

The last two rows have the value of a.Ct) and its error, for the 

conditions specified, when a.(t) is determined by fHtingthe x-dependence 
d2 a 

of dtdx 

"'- -t 
x· ...... .1 .5 .9 1.3 1.7 2~1'" 

68 7.4 .81 .090 .0096 .0010
.95 295 K 32 K 3.5 K 390 40 4 

75 18.4 4.5 1.11 .27 .066.85 
324 K 80 K 19 K 4.8 K 1'.2 K· ,285 

78 28.0 10.1 3.6 1.29 .46
.75 337 K 121 K 43.5 K 15.5 K 5.6 K 2.0 K 

.46 .09 -.28 -.65 -1.02 -1.39a.Ct) 

Estimated 
error in .001 .003 .008 .024 .073 .23 
0.( t) 
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Figure. I. 


Estimate of F(t) from data on K+P-+-KcX++ at 8 GeV/c 
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Conclusion: 	F{t)::::constant, since no additional t-dependence 
is needed to fit the data. 
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Figure II. 

Estimate of E'RRRf;rom data on K-P+KoXo at 14.3 GeV/c 

3 

Conclusion: 
Data is all Regge-Regge~Pomeron 
since (da/dx)RRR is flat in x with § dataa very rapid r~se to ~ at x*l 
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Figure III. 

Estimated errors in the measurement of a(t) 
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