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I. Abstract

We propose here to study the strong -interactions of KE
mesons in hydrogen, deuterium and other targets for KL momenta
above 50 GeV/c. The kaon beam is to be produced by.the high
intensity pion beam colliding with a solid target. This latter
beam i3 being construeted in the P-West area and, therefore,
we propose to have the neutral beam further downstream from
the pion experimental hall. Although at present FNAL energies,
this beam will not go above 350 GeV/ec, with the future exis-
tence of the doubler both the beam momentum and intensity will
increase substantially. We propose to design the experiment
and present the parameters with these higher energies in mind.

The major characteristic of this neutral beam is its
small neutron flux (about 1/3 to 1/10 of the Ko flux). This

is to be contrasted with a proton induced KL beam which has a

much larger neutron background (about 100 to 1000 neutrons per

KL). Our immediate goal is as follows: 1) To measure the inclu-

sive spectra of K°, K°, A°, R°, ¥ and neutrons in the forward di-

reaﬁion and 1f possible at larger angles, and 2) To measure the
total cross sections of KS(KL) in hydrogen and deuterium and si-
multaneously, that of A® and A®. Our longer range plan is to
study the elastic scattering KSP > KSP’ KLp - Ksp to make detail
tests of Regge predictions and where possible the A°p + A°p and
A°p » R°p elastic scattering.

We request initially a 400 hour running period for equipment
testing, measurement of inclusive spectra and measurement of
total cross sections. Although at this time we do not reguest

time to carry out the study of elastic processes we will describe

fully the method of measurement.



IT1. Introduction

The interactions of neutral kaons with matter is poorly
known. The reason for this is mainly the fact that KL beams
have been produced with an incident proton beam striking the
target. This leads to a very large neutron flux superimposed
on the much smaller KL flux which makes the study of KL inter-
actions difficult. Experimenters have resorted to various
techniques to reduce the neutron flux but all these methods
elther degrade the KL flux or reduce its maximum energy. Hence,
except for regeneration in the forward direction below 100
GeV/c incident momentsa Veryylittle wvork on KL interacticns has
(6)

been carried out.

We propose to develop & K. beam with low neutron con-

L

tamination, By producing kaons with pions we expect 32-10 KL

(8)

per neutron. This beam is to be constructed downstream of the
intense pion beam in the P-West area and hence should share
this area's ability to take beams up to 1 TeV once the energy
doubler becomes operationagl. In addition, charged K Beams at
thege ﬁigh energies cannot be physically separated from its
othen components resulting in a large pion (10 to 100 7 per K)
intensity also striking the target. This property of charged
beams makes experiments with high energy kaons difficult.

From preliminary measurements carried out {(to be discussed
later on) we observe a A° and A° flux which is large enough
to carry out some strong interaction studies with these par-

ticles as projectiles.

We presenit now an experimental program that can be carried




"out with such a bean. The purpose of these experiments are
mainly to study Regge Predictions on particle production, the
effect of strangeness on direct lepton production and search
for new states of matter like charm. As we will show in this
proposal neutral kaon interactions seem to be the only way to
measure the phase, by interference technigues, of two strong
interaction amplitudes, namely KSp -+ KLp and KLp - Ksp.

This will lead to very defipite tests of Regge Theory, both

in its prediction of the amplitude and phase of these processes.

The 1list of experiments that can be carried out in this beanm

include

1} X K p total cross section

L> s
KL, KS d total cross section
KL’ K., A total cross section
[l

Ap total cross section
Ap total cross secﬁion
Ad total cross section
Ad total cross section

2
) KSP > KSp

Ap -+ Ap




3) Ko+ 0> v+ A
L& + -
H M
KL + N -~ di-leptons
L) KL * N - Multiple Particle States (Charm, etc.)

5) K.p - K¥p K¥ > Kq

L
K ®
Ld > K¥4
6) K.p - Qp Q - Kun
KLd - Q4
) o_*+ [s] . .
T KLP - A7 A” polarization
8)7 Single particle inclusive distribution near x=1

9) High P, single particle spectra
10)  Accurate measurement of rare decay modes

of the Koy K

_ Although, as can be seen from the list, there 1s a large
vari%ty of méasurements that can be carried out with this bean,
our préposal, at this time, will only concentrate on the simpler
and more direct measurements that can be carried out simultan—
eously with a measurement of inclusive spactra. Our present pro-
posal is addressed to expériments_indicated in groups 1 and 2.

We propose to carry out a program defined as steps A, B,
and C. We discuss here the calculations and the detector

physical requirements of programs A and B. We are only re-

guesting, at this time, definite approval for the measurements
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in program A. We propose, as program A, to measure the inpclusive
production of K°, K°, A°, A°, neutrons and gammas in the forward
direction and if possible at larger angles. The K° and K° éro-
duction spectrum can be determined by measuring the number of
leptonlc decays and determining the charge sign of the lepton.
This flux must be measured at moderate distances from the
target, namely 10 to 40 meters. The interpretation of this
measurement to determine thg K® and K° flux separately

requires the assumption of the AS = AQ rule. This particuler
measurement 1is necessary for measurements to be carried out

) total cross

later on. We propose to measure also the K.(K

St L

section in hydrogen and deuterium and simultaneously that of

A° and A°, As program B we propose to measure the elastic scat-

- terings Ksp > qu, K.p ~ KSp, and simultanecusly Ap = Ap and

Ap - Ap. The regeneration type scattering is to be carried

out at various distances from the target, namely 60 to 180

meters and above. The interference between the amplitudes for
Ksp - Ksp and KLp - KSp leads to scatitering rates which are
sensitive to the Regge parameters. All of these processes we
propose to measure up to transverse momenta of 1 GeV/c and

above énd in the momentum région above 50 GeV/ec. We request,

at this time} conditional approval, upon completion of program A,
for these measurements also. Nevertheless, no allotted bean

time 1s requested. Program C consists of measuring various types
of production mechanisms by constructing a many particlé spec-
trometer. We would measure anomalous lepton production, high PT

inclusive particle production and search for new massive states

of matter. This pProgram has not been studied in detail as yvet

and will not be discussed any further in this proposal.




IIT1. Fluxes of Particles

-~

The fluxes of K n, vy and A were caleculated from lower

(8)

L,

energy inclusive data and were presented in proposal #360.
Because of the difficulty of calculaﬁing the neutron flux and
of extrapolating from 10 to 200 GeV we carried out a short run
to measure, these fluxes in collaboration with the Wisconsin,
Michigan, Rutgers group. We present in fig. 1 and 2 some of
the very preliminary results. These should be considered only
to be approximately the flu%es we can expect. These results
may well change by ~10% when the analysis is completed. The
results essentially support the calculations made for propossal
#360. |

~The essential results are presented in Table 1.

Table 1

lOlO interacting 300 GeV/c pions on Beryllium into

a u sterad. soliqwgngle give . o

< : 5x106 K

5

L
< 5x107 A

>

5x10”7

The neutron flux below 100 GeV/ec is about the same as
the KL flux. Between 100 and 150 GeV/e it is anywhere between
1/2 and 1/3 of the KL flux and above 150 GeV/c 1t is much

smaller. In addition there is a very intense photon flux

associated with this beam which we also measured. This flux
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is likely an order of magnitude larger than the KL flux. The
photon momentum spectrum is fairly flat up to the maximum
energy. This beam could be very useful for photoproduction

experiments but will not be discussed any further here.

Iv. Targets

In a series of these proposed experiments the cross
section is expected to change rapidly as a function of trans-
verse momentum and hence as a function of the momentum of the
recoiling target. To be able to observe the recoil we require
a target thin enough so that the reccil is not stopped by the
liguid in the target. Hence we propose to use targets 1 cm.
and 10 cm. in diameter. The 10 cm. target would be‘used in the
measurement of the large q2 region (qg > .l(GeV/c)Z} of
elastic scattering processes where the crosé section is small
and hence large beam fluxes are necessary. The 1 cnm. Larget
would be used in the measurement of the low q2 region., For
program A we request a 1 cm. diameter 1 meter long target.
For{pr;gram B we will request a 2 meter long both 1 em. and
10 cm. diameter target., We request that these targets be

supplied by FNAL.
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V. Expected Fluxes at the Detector
For the initial phase we propose to carry out these
measurements at ~10 meters from the primary target. The intervening
space 1s to have a sweeping magnet to remove the charged com-
ponent of the beam.

Using the 1 ¢m. diameter target we expect a solid angle

63.7x10-6

aq = wxl/bx10” and hence fluxes comparable to those

presented in figures 1 and 2. _ The expected fluxes gt this secon-

dary target are 3xlO6KL, lO6KS, 105

For future work when we propose to measure the incoherent

A and 10°% per pulse.

regeneration KLp - Ksp at distanceg of 100 meters from the

target the fluxes of KL will be 3xthKL/pulse with the 1 c¢m.

diameter target and 3xlO6KL with the 10 ¢m. target.

VI. Measurement of the Total Cross Section
We propose to measure the KSp and st total cross section
during the beam survey. Present charged total cross sections

are known to about 280 GeV/c.(l) It is worthwhile to carry

5
-

out'these neasurenents up to much higher energies namely ~400
GeV/é and higher, As the beams increase to higher and

higher energies the separation of the charged kaons from the
much larger pion intensity in the same beam becomes nearly
impossible with Cerenkov counters and one may have to use
transition radiation. Even here this separation is not very
AL

clean and can give a pion contamination of ~50 to 100

With the KL beam proposed here there 1s no such contamination.
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Measurements of the total cross sections may answver a
few interesting questions. Do the Kp and pp c¢ross sections’
rise at the same rate? Is the rate of increase such that the
Kp and pp cross sections willuhave a constant difference,
tend towards equality or towards two-thirds, the ratio of the
number of valence guarks in the incident beans,

In fig. 3 we present what is known about the total cross
section of protons on protons and.%aons on protons. Measure-
ments up to 400 GeV/c would allow us to make a good determina-
tion of the rise of the total cross section beyond 100 GeV.
When 1 TeV energies become available this beam would be ablé
to measure the total cross section up to thisAenergy.

Txpected Rates - To calculate the expected rates we consider

I
a 1 meter long 1 cm. diameter target illuminated by 10 KS’
3 L

10-4A, 1035 and 3xlO‘KL/lOO GeV/c momentum interval. Hence we

reguire only_ﬁgput 108 interacting pions for these series qfﬂm_
experiments. We present, for simplicity,ronly the numbers
expected for K°'s. We assume a constant 20 mb. cross section for
the’caiculation. Hence the fraction of Ks interactions in

~our ¥ meter hydrogen target is 1m x 20/240 = ,083 where 2Lko

is the mean free path (in meters) per mb. In table 2 we show

the number of charged KS decays per pulse both with target

full and target empty. We assume the target is followed by a

10 meter decay region.
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Table 2

P(GeV/c) Fraction of Charged K_ decays Charged Decays/Pulse

S
. 687(1-¢~10/-0268F/m, T.E. ¥ T.F.¥
‘ N L
50-150 .58 .58x10 .53x10
150-250 Jh2 .hleoh .38x10h
250-350 .32 .32x10h .29x10h
350-450 .25 .25xloLL .23x10h
¥T.E. = target empty
¥, F, = target full

At this rate we are limited by the computer read in
capacity which we expect to be 300 events/sec. lence we assume
a reduction by a factor of 100 in the number of events recorded.

Assuming 5xlO3

pulses/day in each mode T.F., T.E., we can
calculate the number of decays observed and hence calculate

the accuracy of our measurement. We use the formula

Ao 1 N'+N _ N'+N
o 4n N'/N~NN'N ll'évN’N
. N' 1
v T 1-o63 - 1099
wheret N' = number of decays with target empty

[

N number of decays with target full.

In table 3 we show the accuracy obtained in a 1 day run,

Table 3
P(GeV/c) N'/day N/day (M'+N)/Nu’ ac/o
50-150 29x10°  .26x10% 7.2x107° 3.1x10 72
150-250 .21x10° .19x106 10.0x10‘6 3,7x107°
250-350 16x10°  .15%10% 13.0x107° L. 2x1072
350-450 12x10%  L11x10% 17.0x107° k. 7x10"°
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Hence as this table shows a run of one week (~100 hours)

will allow us to measure the total cross section of KS, A and

=l

to an accuracy of about 2%.

In a similar manner we can measure the A, A -~ p cross

section and the K A, A-n cross section using a deuterium

S,

target and making the usual correction for the proton shadowing

effect,
Systematics - Various systematic effects can be neglected in the
measurement of the total cross section. Systematic effects

due to lack of knowledge of lifetime, decay branching ratios,
and detection efficiency do not affect the results since the
cross section is related to the ratio of the number of decays with
the target full and empty and hence these factors drop out.

We must make sure that the beam shape and intensity does
not vary between térget full and target empty runs. Hence we
plan to include into our detector a V monitor to detect these
changes and normalize the data. Thig will be discussed in
more detail in the section discussing the detector.

*

One troublesome aspect in the determination of the total
<

cross section 1s the extrapolation of the elastic scattering

Kop > Kop, Ap + Ap or Ap - Ap to q2 < .0k (GeV/c)g. (See next
page, 2nd paragraph). TFor such low transverse momenta, the
recoll nucleon does not come out of the target. This correction
will be carried out by demanding that the KS point back to the
primary target 10 meters away. Assuming a spot size of ~L mm;
diameter the maximum undetectable PT becomes

Loo GeV/e x .2/1000 = .08 GeV/c or q2 ~ ,0064L (Gev/c)z. This

‘correction can be carried out from a messurement of the elastic

scattering.




The Detector - The detector will consist of a V spectrometer

in the forward directlion. The details of it will be discussed
later on since all the experiments proposed here reguire the
same spectrometer.

The target will consist of = i meter long 1 cm. diameter,
5 mil jacket surrounded by 10 layers of 1/4% mil insulaﬁion;
The vacuum Jacket will be 1/2" of fosm which is eguivalent to
20 mils of Mylar. Hence on.the average protgns with momenta
<,19 GeV/c will be stopped in the target leading to a limiting
q2 of .0k (GeV/c)g.

The target will be surrounded by an anti-counter lead
sandwich array of 4 radiation lengths to detect charged par-
ticles or gammas coming out\of the target. In addition, in
the forward direction, right after the target we will have a
similar anti-counter with a 1 cm. hole in the lead to allow the
beam to go through. Thé hole will be covered by a MWPC to detect
charged particles going through. Iﬁ this manner and by de-

manding that the K_, point back to the target we will insure

S
that the observed Ks decay was not a by prbduct of an interac-

tion.¢

VII. Meagsurement of the Dilution Factor

The dilution factor indicates the number of K° and K°

produced at the target namely




This quantity needé to be determined as a function of the
X°, X° momentum for a proper measurement of the process
KLp - Kg as we will see later on.

We propvose to determine o by measuring the number of
leptonic decays of each sign at a distance of 10 meters from
the target.

Using a branching ratio

K°, K° -+ mev

] - + -
K®, K® » nm 7

-3

<10

and using the results from table 2 we determine that we can
Observe about 30 leptonic decays per pulse. In fipures 4 and
5 we show the K°, K° amplitude at varicus distances from the
target assuming various values of a. Hence we can measure o
above 100 GeV/e. For example at 200 GeV/e, for a = 0.5, we‘
expect twice as many K° as E® leptonic decays or twice as many
positive leptons as negative leptons in our decay region.
Since we must determine the momentum of the K° that
decayed not all observed decays are useful. When the missing
neuﬁriﬁo'é momentum direction 1s perpendicular to the KL di-

rection then the K, momentum is determined uniquely. We have

L
determined the fraction of decays where the two momentum
solutions are within 10% of each other and hence the average

within at least 5% of the true value., In table 4 we show the

fraction of decays with this particular configuration.



Table b

P(GeV/c) - Fraction of Decays
50-150 RS

150-250 | b7

250-350 ‘ .50

350-L450 .63

Hence a good rule of thumb is 50% of all leptonic decays
are useful in determining the K°, K° momentum.

In table 5 we show the number of useful leptonic decays
of each charge seen for a = 0.5 in a 100 hour (7 days) run

assuming th pulses/day.

Table 5
P(GeV/c) N(+ lepton) N(- lepton) -%
50-150 1.0x10° .9x10° -6%
150-250 .92x10° . L6x10° .29
250~250 .BOXlOS .30X105 ~29
350~h50 .83x105 .lelOS, ~2%
VIII. Measurement of the Elastie Processes
<
KLp - KSP
Ksp > Ksp

One of the interesting studies in the strong interactions
of elementary particles is the concepts generated by Regge in
the theory of Regpge Poles(3>. Nxperimentally it zoon became
evident that tests of the theory were most successful when

dealing with reactions where only 1 or 2 Regge trajectories




could be exchanged in the collision. A clear example of this
. is the good agreement between theory and experiment in pion-

nucleon charge exchange

T p + 7°n

where the Reggeized exchange explains many features of the

(5)

data . Another reaction wvhere only a few Reggeized exchanges
can take place 1s in the reaction
K K ‘
(1) [P+ KD
where only a p, w, and ¢ can be exchanged. The Regge theory
description of this reaction is clearly discussed in the work

(L)

of Gilman Experimentally the 4 does not seem to couple
strongly to nuclei ana hence its exchange contribution to this
process can be neglected and only p and w exchange need to be
considered. Similarly the elastic scattering

{2) KSp -+ Ksp
is supposed to be completely determined by the Pomeron tra-

jectory.

The Regge theory states that the scattering amplitude due

«

to a Regge trajectory being exchanged is given by(7)
£
. 2 2
. -ina(q®) ~ a(q )
+ -
F(S, q2> = f'(qZ) 1 Te 5 (52 U.) (l)
. . s
sinma(qg”)

where
r = -1 for process 1 (odd signature)
= +1 for process 2 {even signature)
f'(qg) is supposedly an unknown slowly varying function of

the momentum transfer squared q2; s 1s the center of mass energy
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squared; u is the Mandelstam variable defined by
’ 2 2 2 2 ) . .
s +q + u=2 Mp + QMK; a(q) describes the Regge trajectory
of the particle being exchanged; and So is an energy scale
which we set to 1 GeV.

The totality of data about reaction (1) in the q2 > 0
region (non coherent regeneration) is thoroughly described in

(6) Most of the aata is for

the work of Brandenburg et. al.
energies below 10 GeV/c and consists of only ~2000 events.
Whether the Regge theory already applies at these low energies
is a matter of conjecture. Nevertheless they observe that w
exchange seems to dominate. Hence in ocur presentation here we
will assume that only one Regge trajectory, namely the w, is
important in the description of reaction (1).

We prdpose to measure the s and q2 dependence of the
differential cross section for both reactions (1) andg (2).
Becaﬁse at the primary target we have the production of an
incoherent K°, K° mixture we must consider the time develop-
ment of this mixture to determine the amplitude at the secon-

dary target where the K. and KS components of the beam will

L
Qoll{de with thedP;Qtons to prqguce‘KS. Ff the p?oductipn wa
K° and K° at the primary target in the forward direction is not
equal then this beam can, while colliding in a hydrogen target,
produce interference effects between reaction 1 and 2 which are
sensitive to the dynamics of the collision. Aitﬂough at first
glance one feels this interference problem "muddies the water",

we will show that, in fact, it leads to very exciting effects which

are sensitive to the Regge parameters and "clears the water".




If we write

then the sc

written s

where wve we

2

£ and
l(q )

If we

scatte}ing

defined by

Because of

LT

(K+n)+o

SR

IOT T(K_n)1

[o. (K n) (3)

nef

- OT(K"n)]

attering amplitude for reaction (1) and (2) can be
T 2 2
-5 g 2, e o—u

) = 3/(s-u) fl(q ) - L

250 2=O cos ?al(

) 6. (0) elﬂ/?a

)y = 78 %/(s—u) £, (a") (

2s _ sin = a (

c g F

d egq. 1, 2, 3, the optical theorem, and where now
fg(qg) are normalized to 1 at q2 = 0,

use these amplitudes we can determine the "effective'
amplitude of the incoherent K°, K° beam at time t

the distance between the primary and secondary target.

CP wviolation we must alsoc include the process

KLp e KLp - w+ﬁ-p. lence we obtsain
Ftot(s,qg,t) = A (s,qQ,t) + Az(s,qg,t)
Al(s,qg,t) ) /ﬁf}‘ %’ -t/2tg + 4 MSth(s,qg) . |
_t/2T +k1 MLt(Fl(s,q2)+ﬁ+_F2(Saq2))E
A2(s,q2,t) _ ELgil g’e-t/zTS + i MstFE(s,qé) )

-t/ETL + 1 MLt

e (Fl(s,q2)+n+_F2(s,q2)if




. + -
where we have neglected the process K%p - KLp > T " P.

differential cross section can then be determined using the .

relation

do

2
dq

where [N(K®) + N(K°)]/2 is set to 1.

We have plotted this differential cross section
following parametrization of the data
2 ! 2 !
ae(q ) = uE(O} + ag(O)q 8 < a,(0) s 1.5 .8 < a,(0)
2, _ ! 2 . '
al(q ) = al(O) + al(O)q .3 < al(O) < .5; .8 < al(O)
o4 = 20 mb and 1is const. with energy.
o, = 130/s mb s in GeVz. Fit to ref. (1)
- 5 1/2 5
f2(q ) o= |1+ a7 slowly varying in g“ with a O
at q2 = -1 to cancel pole due to
1
5 singﬂ/ZGQ(qe)
f = 1,
| (a%)
g = 1. GevV
) (&) ¥
o %o N(K°)-N(K®) _ + ‘K
a(K°, k°) S ICETICE .15 .85 T80 . Assumed
.0 = 1 for PK > 180.
-2 iks.08
) n, = 2.272x107 e >-0

1 - 2 p) 2 2
P E}Al(S,q )7+ JAL(s,a ,t)(~§

The

for ihe

"effective"

N

A

The data is plotted as a function of the K°, K° momentum

for fixed q

9o

2

is about 100 times larger than o

and fixed distance from the primary target. Since

1

the interference to occur where the KS amplitude has been

reduced by a similar factor,.

we expect the maximum of

This occurs around 10 K_ mean lifes.
pe

The results are shown in figs. 6,7,8,9,10,11,12 where in each case

we have varied various parameters as described in the figs.

As can be seen the interference effects are guite strong and

can be measured in our beamn.

Hence we can expect to measure
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i t

the parameters a2(0), 02(0), al{O), ul(O), Gl(s) by measuring
the differential cross section between 50 and 300 GeV/ec at
60, 120, and 180 meters from the target.

Fxpected Rates -~ We consider a 2 meter long hydrogen target

1 em. in diameter at 120 meters from the target. The detector
will consist of a V spectrometer 20 meters from the target to

allow the KS N decay to occur. In additién we have a re-
coll spectrometer that only\covers 1/2 of the available solid

angle. We assume in formula (7) that N(K°) + N(K®)/2 into

the target = loh/lOO‘GeV independent of momentumn.

An effective cross section for & given momentum 1s o©b-

tained as the integral of our expression for dO/dq2. The
results are shown in table 6.
Table 6
2 2
P(GeV/c) o{ub)(based on ag(q )=1+q
2
a,(q”)=.5+q
100 1.02
. 200 41
300 .83
<
400 : 6.4
The interaction mean free path in ligquid hydrogen for a
1 pb. cross section is 2.4%10° meters. The number of interac-

tions per incident particle, the detection efficiency, and the
number of detected interactionsZpulse are gliven by the expres-

sions
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2

# of interactions/particle = — c(pb)=.8hx10“50(pb)
' 2.&X105
Detection Efficiency = ¢ = l/2xB.R.(Ks+w+w")x(Fraction of
K. decays in 20 meters) where 1/2
P
refers to the solid angle covered by the

recoclil spectrometer.

lka.belO_Bxc(pb}xe

]

Number of Detected Interactions/pulse

I

08hxo(pb)xe

In table 7 we calculate the efficiency ¢ and in table 8
the number of interactions/pulse
Table T
P(GeV/c) Fraction of KS Decays £

in 20 meters

100 | v .98 .33
200 .85 .29
300 . ' | .71 .2k
Loo .61 .20
! Table &
P(GéV/c) # of Detected Int./pﬁlse Detécted Int./200 hours¥*
100 027 3.8x10°
200 .010 1.kx103
300 LOLT 2.0x103
400 .11 1.5x10%

*based on 1.4x10°7 pulses
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The incident number df effective particles was based ~on
a 1 cm. diameter target. We expect to use such & target only

2(q2<.lO(GeV/c)2) region in order to observe

for the very low g
the recolling proton. For the higher q2 region we propose to
use a 10 cm, diameter target implying a factor of 100 increase
in the number of interacting kaons. We calculate the number of

high q2 events expected in 200 hours of running. The results

are presented in table 9.

Table 9
P(CeV/c) ola? > .1)ub Detected Int/200 hours
100 .29 1.1x10°
200 .10 3.lsx,10h
300 ;18 ¥.3xloh
Loo 2.36 5.5%10°

Since the differential cross section is expected to have

2

a dip at g~ 7 .15 (GeV/c)2 and the cross section only varies

slowly with q2 after that we expect these events to populate
uniformly the region up to q2 ® l(GeV/c)2

. We would like to point out here that this is the only
procegs we know of where we can produce an interference be-
tween two strong interaction processes and hence obtain detailed
information on the structure of their scattering amplitudes.

It is also a sensitive way to determine the cross section

difference o(K°p) - o(E°p).
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IX. The Detector

The detector consists of a forward V spectrometer and a re-

coil detector. The recoil detector is only necessary for program
B. A schematic diagram is shown in fig. 13.
The V Spectrometer - The V spectrometer 1s placed 20 meters

after the target, the intervening space being used as a
decay region. The front V detector consists of a .Tmx.Tn.
MWPC used for triggering on 2 or more hits. This 1s followed
by 2X and 2Y drift chambers of the same size just after the
MWFC and a similar set of drift chambers 5 meters further
downstream. In between these is U-V MWPC ﬁo separate the
ambiguity between the two tracks of the V. The spatial resol-
ution of these chambers is expected to be 150u and hence we
get an angular resolution on each track A8 = /2x150x10_6/5 -
4bx10™° radians.

In order to measure the full range in qg for which this
beam is capable {q2 = l.S(GeV/c)Q) we need a magnet with a
.?x.?mg gap and a magnetic field integral of ~20 Kg meters.
Hence a magnet with a 1-2 meter depth‘is adequaté; We propose
that Férmilab supply this magnet. This magnet will also be
useful in the study of multiparticle final states in this bean.

The chambers behind the magnet will be 1.4% m, in the bend
plane and lm. in the other. After this we have an electron
and gamma detector made up of a MWPC and lead sandwich and a
muon detector. This back array is used to trigper either on

a leptonic decay mode or K by using the lepton detector in coinci-

L"3

- . . . . . :
dence or a purely 7 7w decay mode by using it in anti-coincidence.
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This arrangement will allow us to measure the momentum of
300 GeV/c track with a ¢ = 3% and the V momentum with a
¢ - 5%. The direction of the V is known with a o % 6x10~°
radians leading to a ¢ in q * .02 GeV/c. Finally this leads
to an error in the mass of the V g = 3%,

The Recoil Spectrometer - There are 2 arms in the recoil de-

tector as shown in fig. 14. Each arm consists of 2 sets of
XY MWPC chambers separated by 20 cms. They are used to mea-
sure the direction of the recoiling proton. Most of the
error in direction is due to multiple scattering in the re-
coiling proton and varies from 1,62 at 200 MeV/c to .132 at
800 MeV/c.

At a distance of 50 cms. from the target we have a liguid
array scintillator bank to be used to measure the momentum
of the recoil by timing and for higher momenta by energy
deposition. Using a timing error of .linsec we
have a momentum error AP/P = 11% at LOO MeV/c, or
AP = 0.0Lk4 GevV/c comparéble to the error in the V spectrometer.
As fhe%pmentum of the recoiling proton increases the timing
becomes less useful but the error in the direction of the
recoil decreases, In this kinematic region a measurement of
the energy deposited in the liguid scintillator gives similar
errors. Both of thése measurements can be used as a con-
straint to tell we have an elastic scatter.

In fig. 15 we present a plot of the recoiling arm kine-
matics and in fig. 16 the resolution we expect as a functicn

of the transverse momentum squared.
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The Beam Line - In fig. 17 we show an experimentalist vie® of

an area in which one could carry out an experimental Program
up to 1 TeV in the future. We need a hall with maximum
dimensions 500 meters long and 7 meters wide to accommodate
large transverse momentum experiments. We require a series
of sweeping magnets, One after the primary target to bend out
the charged beam, and two others to allow for removal of the
photon component of the beam with a series of radiators about
10 radiation lengths total. For future experiments doing
photoproduction experiments or where the neutron component of
the beam needs to be reduced further one may need a liguid
deuterium filter to remove the hadronic component of the bean.

For the present proposed seriegs of experiment we reguire
target station, at ~10 meters from the detector.

To carry out the.series of regeneration experiments from
t = 0 tot = 1(GeV/c)® we need a hall that starts 60 meters
from the target with regions of access in between for sweeping
nagnets., The hall needs to be 140 meters long in oraer to
caryy oOut measurements of at least 3 positions namely 60m. ,
lQOm.‘qn§‘180m. The width of the hall should be Tm. to
accommodate large PT experiments. We propose that the de-
teétor be mounted on rails so that it can be moved back and
forth to various pooitions.

An experimental hall that would accommodate all these

experiments up to 1 TeV should be ~500 meters long.



X. Regquests from Fermilab

For program A -

1) A sveeping magnet right after the target to sweep out all
charged particles associated with the bean.

2) An analyzing magnet with a'.?x.?mg gap and a field length
integral of 20 Kg. meters. Although this large a magnet is

not essential for the measurements in program A 1t becomes
important for programs B and C and we request its construction
at this time. |

3) An amount of iron for a muon identifier. It should cover an
areg of 2.0xl.5m2 and at least 3 meters deep.

L) Sufficient PREP equipment in the form of coincidence units,
discriminators, scalars and CAMAC equipment to allow us to

carry out these measurements. We expect half of our needs to

be supplied by us.

5) We reqguest an initial running period of only 400 hours of
beam time at a pion beam energy of about 300 GeV/c (200 GeV/c

is also acceptable at the start) with an intensity of ~108
pions/pulse for the initial beam survey and for

*

the leptonic decay measurements,

<

For program B -

1) Construction of an experimental hall that will allow us to
carry out regeneration type measurements. This area is to be
140 meters long and about 7 meters wide and can start about

60 meters from the K generating target. If future experiments
up to 1 TeV are considered the hall should be L0O meters long
which together with the presently proposed pion hall would add

to 500 meters.
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XI. Cost Estimate

2) e | § LK

L (.2x.2 m
LOoO wires $10/wire

2 (. 7x.7 m°)MWPC $ TK
700 wires $10/wire

2 (1.4x.1 m°)MWPC . $ 14 K
1400 wires $10/wire

8 (. 7x.7 me) Drift Chambers\ $ 14 K
280 wires $50/wire

8 (1.4x1 m°) Drift Chambers $ 28 K

560 wires $50/wire

Wire Chamber Construction Cost ~

$ 10 K

Lepton Detector ~ $ Lo X

Anticounter array ~$ 5K

Analyzing magnet ~ $300 K
TxLT m2 aperture 20 Kgm.

Electronics for Logic ~ $ 30 K

For program B
<

The estimate for the experimental ball {long range)~$1000 K
7 m. wide x 400 m long

8 recoil (2mx.5 mg)MWPC ‘ $ 50 K
5000 wires $10/wire

2 Scintillator Tanks {2xl1x.3 m3) $ 6 K

26 Phototubes $L00/(tube + bases) $10.4 K
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