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ABSTRACT: 

We propose a chamber e)..rperiment to measure the regen­

erator parame-ter p hydrogen in the 60 to 120 Gev/c range. 

report we sho;..;r that, by using the neutral beam at NAL and 

existing apparatus, p can be measured in the momelytum range from 90 to 

-4of '\, ±5 x 10 phase to '\, ±8°. 1bis110 Gevlc to a 

cr(KOp) of '\, ±O .10rnL,.results in an 

REQUIHEHENTS: 

1. Beam: 
(a) 	 neutral beam at 15 mrad to primary proton beam 
(b) 	 collimation to 1 in. x 1 in. at 420 feet from T~'~~O.'­
(c) 1012 protons per pulse in a 1 second spill 
(d) photon . 

Hemarks: proton beam could be and the beam widened 
correspondingly. 

2. Apparatus: 
(a) 	 sweeping magnet for electrons from photon 
(b) 	 a 20 kilogauss-meter analyzing magnet with a ffilnllI1llffi 

aperture of 24 in. vertically, 30 in. horizontally 
(c) 	 10 meter long liquid hydrogen target, minimum diameter 

10 em. 
Hemarks: counter-wire spark chamber apparatus already in 
existence. 

3. Rurming 
(a) 	 2 months of setup time the beam channel 
(b) 	 500 hours of rurming 



I. Introduction: 

In this report we propose a rreasurement of the parameter p for coherent 

regeneration of Ks a KL beam in the 60 to 120 Gev/c range. Such a 

measurement directly to the determination of the ma.gnitude and phase 

of [F(o) - F(o)], the difference of particle and antiparticle scattering 

amplitudes on nuclei of material used as regenerator. We show 

that, using (a), currently available estimates for the kaon and neutron 

fluxes frDJTl a bornba.rded by 200 Gev/c protons and (b), the Serpukhov.'::>1'"><:,.,:;:;•• 

total cross-section data, the backgrounds are sufficiently low such that an 

experiment with a liquid hyerogen target is readily feasible. We show 

that if the Serpukhov results should turn out to be in error or neutron 

to kaon the neutral beam less favorable, then a experl­

ment testing validity of the Pomeranchuk Theorem can still be done using 

plastic as a regenerator. 

In view the current budgetary strictures we have tried to an 

experiment which not require a large expenditure or an unwieldy research 

team. In , the proposed experiment can be performed with vJhich 

we are currently using for a very similar experiment at SlAC. Due to the 

fact that in processes the transverse momenta does not change, 

resolution in the SlAC experiment can be maintained at NAL 

by an spacing between wire chambers proportional to the 

increase kaon momentum. 

In we discuss briefly the physics of the experiment, set 

down the equations and apply them to the situation at hand. The 

Glauber calculation relevant to the use of carbon as a regenerator given 

in Section In Section IV we describe cur apparatus and 

of MOnte Carlo calculations for trigger rates and resolutions. 

Section V our estimates of the uncertainties of our 

for various procedures and various possible experirrental results. 
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II. The Physics of the Proposed Experiment:
• 

At high energies a comparison between the fOIVlard 

scattering amplitudes of a particle, F(o), and antiparticle, 

F(o), on the same hadron is of well-known importance and a detailed 

justification does 'not seem ,·]orthwhile. The Pomeranchuk rt'leor'eJ'1l, 
1 

first reported .in 1956, states that as E -+ co, the total cross-sections 

of particle and antip~YTticle should become equal to same constant provided 

the imaginary parts dominate the separate amplitudes. To test this Theorem, 

an experimenTal technique sensitive directly to the quantity [F(o) - F(o)] 

is clearly desirable; it circumvents the norrralization and subtraction 

error's which are unavoidable whe~ particle and antiparticle cross-sections 

are measured separately. 

At this time a careful investigation of this problem seems particularly 
2 

opportune. Recently Allaby et al reported on the measurements of the 

total cross-sections of negative particles on protons and neutrons in the 

llDmentum range 20 to 60 Gev/c obtained at Serpukhov. The measurements 

are reproduced in Figure 1; they suggest that, rather than coalescing at 

high energies, the cross-sections of bosons antibosons approach a 

constant difference. For example, if one assumes that the cr(K+p) and 

a(K+n) cross-sections remain constant at 17.5 rob (as extrapolated from 

measurements from 8 to 20 GevI c) then the data suggest the cross­

. + ­
section differences lIo :o(K-p) - o(K p) = o(J:<On) - o(J:<On) as well as

l 

602=o(K - n) - o(K+n) = o(Kop) - a(J:<Op) both approach a constant value....., 3 rob, 

in clear violation of the Poineranchuk Theorem. It seems likely that in 

the not too distant future both K + and K- cross-sections ",;ill be measured 

an experimental technique which avoids the possibility of normalization 

errors. Nevertheless, confirmation of this result by means of a technique 
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which measures 1::.0 directly still seerns desirable - especially, if infor­

JIk'3.tion about the phases of the scattering amplitudes can be secured at 
3 

the same time. As has beell pointed out, for example by Martin , if 

1::.01 ,2-+r 0 as E 7 ~, then local field theory is in serious difficulties 

unless the elastic forward scattering amplitudes are dominantly real. 
It ~ 

A nurrber of investigators have pointed out that the measurement 

of the regeneration parameter p provides a convenient means to study the 

quantity [F(0) - F(0) ] at high energies. 'When a beam 1). measons (all 

in the state 11).» impinges on a regenerator, the emerging beam is in the 

quantum state IKL> + p 1IS> and will therefore exhibit IS decay. The 

regeneration parameter p is given by 

N" {' 	F(o) - F(o)} (X) (1)p = 11' 1. P A g" s 

where 

N = nurrber of nuclei per unit volume 

P = the rromentum of the incident beam, given in the same frame in which 

F and F are expressed. 

A =the mean decay distance of the KS mesons in the laboratorys " 

g =a dimensionless function of the regenerator length L in units of 

g(X) 	 - I - e~[(io - 1/2)X] 
- -(1.0 - 1/2) 

where 

o = (~ - ms)/r 1.8 the KiJ - KS JIk'3.SS difference in rs units, r8 beings 


the Ks decay probability per unit time. 


http:JIk'3.SS


The rragnitude and phase of g(X) are ShO,.;rIl in Figure 2; when X«l, g(X) ;:~ X 

which somewhat simplifies equation (1) to read 

t 
p ~ TI~~ {i F(o). - F(o) } (1)p 

Using the optical theorE:'lTl, equation (1) may also be written in 

terms of the difference between the antiparticle and particle total 

cross-sections. 

p = !i ~ n g(X) exp(i<p) 
4 cos~ s 

where 60 = cr - cr and ~ = arg{i[F(o) - F(o)]}. Equations (1) and (2) 

dem:.mstrate that, apart from [F(o) - F(o)], all quantities which appear 

in p are well-known; thus both ba 2md ell can be deduced if p is determined. 

• + ­
'The par~eter p can be measured by observlhg the rate of IT IT decays 

behind a regenerator. Using r s»rL' this rate per incident }(L meson is 

given by 

dI 2 -NaL I 12 -x I II -x12 1 12dx =3 e {p e + 2 p nl e cos(ox + ~p - ~n) + n } (3) 

where 

x = zlns with z the distance from the downstream end of the regenerator 

+ ­to the IT IT decay vertex. 

a = the total cross-section for both ~ and KS in the regenerator 

p = lolexp(i¢ ), ~ = ~ + arg[g(X)]. p p 
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n = Injeh'P(icp ) = (1.92 + 0.05) x 10-3 exp[i(44 ... 5)oJ the CP violatingn ­
+ ­parameter of KL ~ TI TI decay. 

For liquid hydrogen and 100 Gev/c incident kaons, equation (2) 

(with A = 5.38m ) yieldss 

P = 5.70 x 10-3 bcr~ g(X) ei<fJ 
cos ... 

with bcr in mi11ibarns. Also cr = [o(K-n) + o(K+n)JI2 = 18.5 mb; hence 

1/Ncr =12.8 m. Choosing L =12.8 m to make the exp(-NcrL) factor in (3) 

equal to lie we find X = 2.38; using Figure 2, g(2.38) = 1.32 exp(i26°). 

Thus for a 12.8 m long hydrogen target and 100 Gev/c KL mesons 

P (100) =7.55 x 10-3 bo ei(<fJ + 26°) (bcr in mb) (4) 

For the same target at 50 GevI c 

I 

P (50) (4 ) 

If, as suggested by the Serpukhov experiments, 6cr 2 r.J 3mb then at 100 Gev/c, 

Ip II I n I Z 12 and at 5a GevI c , Ip I I n I ~ 7. Note that the quantity which 

enters (3) Ip12; thus the sensitivity of the experiment to bo is 

surely adequate. 

A liquid hydrogen regenerator is certainly att~active because then 

p can be related directly to J<Op and Kop scattering. However, rrust 

be kept in mind that the KSproduced by coherent regeneration must be 

distinguished both from diffraction regenerated KS and from KS mesons 
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produced in other processes. The number' of diffraction regenerated KS 

emitted into a solid angle lIQlab in the forward direction 

duced by coherent regeneration, lin is given by 

(5) 

N As 

where 

A =hiP is the wave length the incident KS 

heX) = dimensionless function 

= l-exp(-X)h(X) 
1 - 2 exp(-X/2) cos(oX) + exp(-X) 

again with X = LIA • s 

For a 12.8 m long liquid hydrogen target at 100 Gev/c, h(2.38) =1.11; 

hence 

4 I 

lin = 1.45 x 10 lIQ1ab (5 ) 

In a later section we shCM that the resolution of the prorosed apparatus 

is such that coherently regenerated KS appear to in a forward cone 

with lIQ ~. 10-8 sterad. The background due to diffraction regenerated 

KS can therefore be reduced to a negligible level. Presumably the back­

ground due to KS generated in the forward direction in inelastic processes 

~s even lCMer. 

However , it must be recalled that a neutral beam produced by the 

impact of the pr:im3.ry proton beam on a target will be very rich in 

neutrons. Figure 3 shows the best current guess for both the ~ and 

http:pr:im3.ry
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neutron spectra obtained at 15 mrad relative to the pr~J proton 

direction for an incident beam rmmentum 200 Gev/c. These spectra 

• 5 
were obtalned from the Cocconi formula 

dN(200 Gev/c,p,e) = dN(200 Gev/c,p,O) exp(-pe/b) 

6 
wi-th b = 0.20 Gev/c and the forward spect-ra dN(p,O) estimated by means 

of the Ranft-Hagedorn model for pion production and the experimentalK/IT 
7 

ratios. Near 100 Gev/c the neutron flux exceeds the kaon flux by more 

than two orders of magnitudes; thus an estimate of the neutron-generated 

Kg intensity behind the regenerator is required. 

This estimate has been carried out in the following fashion. 

First all, curves A and B of Figure 4- show the yields of KS resulting 

from coherent regeneration from the KL beam shown Figure 3. Both 

curves are a 12. 8 m long hydrogen target; curve A asswnes 

f..(j = 3 rob, <I> = 0 and curve B f..(j = 0.30 rob, <I> =o. Curve C shows, on 

the same scale, the yield of KS due to neutron interactions in the target 

-8provided the detection apparatus achieves an angular resolution MJ = 10 sr. 

This curve was obtained by folding the neutron spectrum dN (200 Gev/c,P,15 mrad)
n 

6 7 
of Figure 3 with forward Kg production spectra ' due to neutrons dNK (P,p,O) 

s 

dfCp,O) =J dN (P,p,O)dN (200Gev/c,P,lS mrad) 
p KS n 

A comparison of the curves of Figure. 4- reveals that provided f..(j ~ 3 rOb and 

. -8
the resolutlon f..0. -- 10 sterad neutron produced Kg produce a 

contamination which is less than 1% of the coherent regeneration signal. 

Of course, an anticounter at the downstream end the target would further 
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suppress this contamination because presumably a significant fraction 

of neutron-produced KS.would be accompanied by other forward-moving 

charged :par·ticles. In addition) this background can be subtracted by 

extrapolating it from larger production angles under the coherent 

forward peak. Thus, under the assumptions listed above this background 

is negligible. 

However, in a pessimistic vein, we JIBy assume that "in some way" 

the Serpukhov K- cross-sections have a systematic error of the order 

of 15%. Then /),(J can be very small, say /),(J,..., 0.3 mb ~ In addition the 

kaon to neutron ratio may be smaller than the current best guess which 

is incorporated in Figure 3. Then the neutron-produced Ks would become 

a serious background. 

We wish to point out that in this eventuality the background due 

to neutron-produced KS could be largely eliminated by using a regenerator 

JIBde of scintillator. When a neutron interacts in the regenerator) 

charged particles are surely produced in the great m3.jorityof the 

.collisions. In a scintillator these give light pulses; thus putting. 

the scintillator itself into anticoincidence would eliminate the JIBjority 

of neutron-produced events and Ks produced in inelastic KLp and KLC 

collisions. KS mesons due to KLC diffraction scattering produced at 

angles less than 1 mrad would, of course) not be expected to yield 

light pulses of sufficient size to be recorded. In the next section 

we discuss the use of scintillator as a regenerator. 

III. Carbon as a Regenerator: 

3Scintillator is CH1.1 and has a density of 1.05 g/cm • In what 

follows we ignore the hydrogen; the density of carbon atoms in scintillator 
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22 3
is N = 4.84 x 10 atoms/em. 

The forward cr>.;::,+1ho"Y,'i amplitude F of a nucleus with ZL..VJHI..I..I.C'A 

PrDtons and A - Z neutrDns given in first apprDximation by 

.j:' 
J.. N+ (A - Z)-­ (6)
k 

where fp and fN are the scattering amplitudes on protons and neutrons, 

respectively in the in which the incident momentum is k; P is 

the incident momentum in the frame in which the total scattering ampli­

tude is F. The more accurate way of dealing with complex nucleus 
8 

is by means of the theory whose validity recently been 
9 

confirmed in coru1ection with regeneration phenomena . In the Glauber 

theory the scattering amplitllde of a nucleus with Z protons and A - Z 

neutrDns, F(g), nay be written 

A-Z 2TrfN(o) -+" (7) 
IT [ 1 - ik JpN (b + kz)dz ]}. 

-+ • (-+) (-+) •where q lS the momentum transfer and Pp r and P are the normal1zedN r 

prDton and neutron , respectively, in the nucleus. We have 

evaluated equation (7) a Woods-Saxon density function 

c (8)Pp = PN =1 + exp [(r-R)/tJ 
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1/3
wiT~ R =1.05 A f, t = 0.55 f. 

In our calculations we have assumed that the KO scattering 

amplitudes on protons and neutrons are equal to each other, and the 

i(o amplitudes also. Thus, with the optical theorem, 

fp(o) _ 	fN(o) 
--~- - cr (i + a)-k-- - k - 41T 

(9) 

fp(o) fN(o) 
cr (' -)--,,--- =---:::--- = - 1 + a

4rr 

Using (7) witil (8) and (9) we have calculated the coherent regeneration 

parameter p for a selection of elements from Li to Pb and have compared 

the p value thus obtained to the p (1) values obtained from (6) under 

simplification (9) 

(1) NA 
p = 4" {cr(ia - 1) - (j(i~ - 1)} As g (X) 	 (10) 

Figure 5a gives the ratio n = Ipl/jp(l) I as a function of Al/3. In 

this calculation we have used cr =17.5 ~b, cr = 20 ~b, as suggested by 

the Serpukhov results and have set a = ~ = o~ Figure Sea) shows that, 

for carbon, the mutual shielding of the nucleons in the nucleus reduces 

the effectiveness of each nucleon as a scatterer to 72% of the unshield 

. b (1)va1ue glven y p . 

We next investigate carbon in lIDre detail. To eliminate the effect 

of the geometrical factor we write 

p =R g(X) and 
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and list lRI and its phase ~R' as well as lRel )! and ~~l), for selected 

0, '0 and 0., ex pairs at 100 Gev/c in Table LIt will be noticed that 

~R is always close to ~~l) and the ratio n = IRI/]R(l)l remains close 

to 0.72. Figure 5(b) shows lRI as a function of ~o = cr - 0 for 

0. = ex = 0 and for 0. = 0, ex = -0.10 at 100 Gev/c. It should be noted 
10 

that the dispersion claculations of Lusignoli et al and Martin and 
11 _ 

Poole suggest that 0. and 0. values much larger than 0.1 are not expected. 

The main conclusion to be drawn from Table 1 is that carbon faithfully 

reproduces roth the amplitude and the phase of a free mixture of an 

equal number of protons and neutrons. Its disadvantage is that an 

average over' protons and neutrons is obtained. 

T~ conclude this Section, we consider the number of diffraction 

regenerated KS in carron. The collision mean free path in scintillator 

is 67 ern and regenerators of that length are likely to be used (see 

Section IV). Thus equation (5) yields 

5 tI 

M = 1.80 x 10 (5 )Mllab 

I 

at 100 Gev/c. Comparing this with the result for hydrogen (5 ) we 

note that for a given resolution, the background due to diffraction 

is 12.4 times worse in carbon than in hydrogen but with a solid angle 

resolution ~Q < 10-8 sterad roth are negligible. 

IV. Set-up, Trigger and Counting Rates: 

We assume that the neutral beam used for the experiment is produced 

at 15 mrad by 200 Gev/c protons. The particle spectrum is then that 

given in Figure 3. The scale on the right gives tlpractical units tl ; 



Table 1. R(I) and R at 100 Gev/c for selected (), ;; and a., ;; pairs. 

Note that a carbon density of 4.84 x 1022 atoms Icc was used. 

- !l> (1)
() () 

a. IR(l) I R IRI qiR n 
(rob) (rob) (deg) (deg) 

17.5 20.0 .00 .00 0.188 0 0.136 0 .725 

18.0 19.5 .00 .00 0.113 0 0.082 0 .725 

16.5 21.0 .00 .00 0.339 0 0.245 0 .724 

17.5 20.0 -.05 .00 0.200 -19.3 0.144 -19.7 .723 

18.0 19.5 -.05 .00 0.132 -30.9 0.095 -31.4 .723 

16.5 21.0 -.05 .00 0.344 -10.4 0.249 -10.8 .724 

17.5 20.0 .00 -.10 0.241 38.7 0.174 37.7 .721 

18.0 19.5 .00 -.10 0.185 52.4 0.134 51.5 .724 

16.5 21.0 .00 -.10 0.374 25.0 0.270 24.0 .724 

17.5 20.0 -.10 -.10 0.189 5.7 0.137 3.9 .724 

18.0 19.5 -.10 -.10 0.114 5.7 0.082 3.9 .720 

16.5 21.0 -.10 -.10 0.340 5.7 0.246 3.9 .723 
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we assume 1012 protons and a 1 sq. in. beam defining hole 416 feet 

from the target. Under these circmnstances the integrated neutron 

flux is l.~ x 106 neutrons per pulse. 

The apparatus is shOl.·m in Figure 6. As indicated in Section I 

most of its components have been used in recent SLAC experiments of 

the UCLA group. The beam impinges on a 1 collision mean free path 

long regenerator (either a 12.8 m long liquid hydrugen target or 67 em 

of scintillator). 'The decay path is 100 ft. long and its downstream 

end is defined by counter Cl. In addition a coincidence of any two 

of the four C2 as well as both C3 and both Of are required for a 

coincidence. In our funte Carlo trigger analysis we considered two 

C3-4 configuration. In geometry #1, C3 and 4 are large counters; in 

geometry #2, which is the one shown in Figure 6, they are "slats lt 8 in. 

wide and 18 in. high. Lepton identifiers consisting of shower counters, e, 

for electrons , and counters behind a lead wall, j.1, for muons, are 

placed beyond the apparatus and are in anticoincidence to remove the 

bulk of the leptonic decays which succeed in giving (A, Cl, C2, C3, C4) 

coincidences. Thus a complete trigger'T consists of (A, Cl, C2, C3, C4, 

e, ~). The coincidence (A, Cl, C2, C3, C4) will be called at-trigger. 

A trigger 'T fires the wire chambers SCI - 8 which record the 

trajectories of the decay particles both upstream and downstream from 

a 20 kilogauss-m analyzing magnet. This magneti is adjusted to have a 

24 in. high, 30 in. wide aperture. The overall length of the apparatus 

is 150 ft. 

6Given a net flux of 1.4 x 10 neutrons per pulse and a regenerator 

6whose length represents 1 collision mean free path, ....10 interactions 

will occur in it per pulse: For a spill length of 1 sec, this gives 
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a rate of~l per ~sec which is readily tolerated by the electronic 

logic system. However, the Dux of secondaries from these interactions 

may make the operation of SCI - 3 difficult and they may have to be 

replaced by proportional chambers. 

Before discussing the trigger efficiencies it should be emphasized 

that no attempt was made at optimization of either the geometry of the 

apparatus or of the prescribed trigger. We are here rrore concerned 

with an "existence proof" - we have 0rav..1fl an arrangement based on our 

SLAC experience and pr~JCeeded to calculate via using the Monte Carlo 

program which has been tested using our SLAC data. 

The overall t-trigger efficiencies (i.e., assuming the absence 

of lepton identifiers) obtained by means of Monte Carlo techniques for 

the two C3C4 COLtnter arrangements are shown in Figure 7 as functions 

of the 1<L rromenturn. \-le note that for geometry #1, above 60 Gev/c, 

all efficiencies are larger than 60%. In geometry #2, three body 

decays are suppressed relative to II+II - decay by a factor of -2 but 

there is also a factor ~3 loss in II+II- decays in the momentum range 

of 60 - 120 Gev/c. 

Figure 8 shows the K + II+II - decay detection efficiencies as 

functions of the position of the decay vertex along t~e decay volume. 

In Table 2 we present the results of our calculation of the number 

of t-trigger per machine pulse based on the spectrum of 1<L mesons shown 

in Figure 3 (right hand scale), the apparatus defined in Figure 6 and 

the efficiencies given in Figures 7 and 8. The rates with regenerator, 

given in the last colurrm for each geometry, were calculated using the 

x-distribution of decays given in equation (3) with exp(-NaL) = e -1 
,p 

-2=16n =3.04 x 10 and ~ 
p 

=0 and the efficiencies as given in Figure 8. 
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Table 2. t-trigger Rates per Pulse without lepton identifiers based 

on the Spectrum of Figure 3, setup 5, and Detection 

7 and 8. 

--------_._"'- ­
Momentum Geometry # 2Geometry # 1 

+ ­+ ­ K+IIIIK+IIII 3-body3-bodyRange 
-


(Gev/c) 
 withno Regdecaysdecays no Reg with 

0.21220.7 0.5761.383.75232010 - 30 

0.2680.30936.91.47 2.8270030 - 50 

0.5770.07511.92.28121 0.29650 -: 70 

0.1990.0132.440.6817 0.04270 - 90 

0.0320.00130.340.004 0.091.690 - 110 

0.003 

- ;-- ­
TOTAL 

0.00010.030.0003 0.0070.1110 - 130 

1.295.55_ 72.31 0.9753159.7 7.26 I .._­
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The Table suggests that #1 is unacceptable: shaN's that 

3200 t-triggers due to -rh1;~C>C>_ decays are exr~cted pulse. Even 

we assume that the lepton identifiers are 9'1% in suppressing 

arising from tl~ee-body decays (which is optimistic) 

trigger rate would be close to 100 per On the other 

hand, assuming a 97% for the rejection of th:reE=-r~N events, 

total rates per pulse shown for geometry #2 are acceptable. 

We have also computed t-trigger rates due to 

scattering and KS-procluction by neutrons. Combined give less 

than 2 triggers per pulse. 

In Figure 9 we show Monte Carlo results resolution in 

inv~iru1t mass of the n+n- pair at 100 Gev/c. calculation shows 

that for geometry #2, an 11 Mev wide mass peak can achieved. The 

input errors used in the Monte Carlo routL'leS are .uo.;:,cu on our experlence 

with our "wire chamber package" at SLAC, scaled to account of the 

prposed separation ,",c;,ruc,,,,-n "the chambers. In Figure 10 we show the 

2distribution in a , the of the angle in between the 

nominal beam direction the measured direction of the 

+ ­pc:rM:icle (assuming it n n decay). Leptonic decays were 

+ ­treated :Li the same manner as n n decays and were added the proper 

proportion. Only events yielding an invariant mass the range 484 .:: 

~+n- .:: 512 Mev are plotted Figure 10. Furtherrrore , 10 shows 

the "worst11 situation: no regenerator (i. e., n+n- due to CP 

violation only) and identifiers inoperative. The resolution of 

+ ­n n events from the leptonic backgruund is clearly and confirms 

statement made before that coherently regenerated 

events lie within 80, < 10-8 
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V. 	 Precision of Results: 

We out a VDnte Carlo study of the precision with 

. 	 + ­which jp I ¢p can be deterrmned from the IT II decay data we 

to secure. In this sD~dy we restrict ourselves to the 90 - 110 Gev/c 

IIDmentum and consider only geometry #2. Table 2 shows that 

-31. 3 x 10 are expected in this IIDmentum interval per 

with the 1"T",'r")~"",\::::lT·rY.,., re:rroved and 3.2 x 10-2 with the 

In the Monte Carlo calculation we envisage a total running one 

ITOnth. Thus a 1:1 division of the time we expect 420 events with 

the "t'"'IC>,rrOl-.Oy,,,,+rw, re:rroved a'1d 10300 events with the regenerator 

One of results of the Monte Carlo study was that a run with 

the "t'"'IC>,IT01-.OYY.:::l+'f"'\yY rerBoved was necessary in order to secure a no:t:'Il1CliJ..za 

for the curve. 

In Monte Carlo study decays were generated along the 

path to equation (3 ) with assumed values of p and ¢ , 
p 

2sorted into 2. Sm long and then analyzed by x rrLi.nimization pro­

cedures to redetermine p and <p ,and to calculate the expected errors. 
p 

The various trials are shown in Table 3. There columns (a) 

to (e) ,...._"',''-'-' experimental conditions, (0 and (g) give the 

standard in Ipl/lnl and ¢ and finally (h) 

-
p 

fja = (J - (J ~C4~U calculated from the assumed values of Ipl/lnl 

to equation (2) along with the expected standard deviation 

uu..:,,,,"u on our statistical analysis. For carbon, column (h) should be 

divided by 0.72. A study of Table 3, Set A, reveals that in the 

arrangement which we regard as standard - a 1:1 regenerator in, 

regenerator out distribution, a 100 foot decay path and 1 

mean 

\""V_L..J....J.. 

of regenerator, we can measure fja to a precision 3% 



Table 3. Uncertainties 1£.1 and 	M in the determination of jol/lni---- I:!. n 0 
and ¢p alld!:w = cr - (5 for various experimental circumstances, all based 

on one month total running tjJne. 

(a) 	 (b) (c) (d) (e) (f) (g) (h) 
Reg. LengthIp I ~eg. in_ Decay (colI. bIoi M b(5

tPp Reg. out Path (in) mfp's) p 
(rnb)In I 	 n (0 ) 

16 0 1:1 1200 1 0.44 4.2 3.16 ± .OSI 
8 0 1:1 1200 1 0.26 5.8 1.58 ± .06A 
4 0 1:1 1200 1 0.18 8.4 0.79 ± .03 
1 0 1:1 1200 1 0.22 19 0.20 ± .04 

4 0 1:1 1200 1/4 0.12 9.0 3.16 ± .10 

B 
2 0 1:1 1200 1/4 0.12 14 1.58 ± • O~l 

1 0 1:1 1200 1/4 0.14 22 0.79 ± .12 
0.5 0 1:1 1200 1/4 0.16 34 0.41 ± .13 

16 0 1:1 1200 1 0.4lf 4.2 3.16 ± .09 
16 60 1:1 1200 1 0.44 3.4 1.58 ± .Olt 

C 16 120 1:1 1200 1 0.38 4.4 1.58 ± .Olt 
16 180 1:1 1200 1 0.36 3.4 3.16 ± .07 
16 240 1:1 1200 1 0.36 5.0 1.58 ± .03 
16 300 1:1 1200 1 0.50 10 1.58 ± .04 

4 0 1:1 1200 1/4 0.12 9.0 3.16 ± .10 

D 8 a 1:1 1200 1/2 0.20 4.6 3.16 ± .09 
16 0 1:1 1200 1 0.44 4.2 3.16 ± .09 
32 0 1:1 1200 2 1.36 6.2 3.16 ± .13 

16 0 1:1 800 1 0.54 7.6 3.16 ± .10 
E 16 0 1:1 1200 1 0.44 4.2 3.16 ± .09 

16 0 1:1 1600 .1 0.38 3.6 3.16 ± .07 

16 a 2:'1 1200 1 0.46 3.8 3.16 ± .09 
F 16 0 1:1 1200 1 0.44 4.2 3.16 ± .09 

16 0 1:2 1200 1 0.46 5.2 3.16 ± .09 
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if it is 3 rob, to 20% it is O. 3 lIlb. In the same l10 range the 

error in the deterrrdnation of the phase climbs from 4° to 20°. The 

remainder of the sets are intended to show that the parameter which 

we can control are not far from their opt~ilal values. 

It is perhaps worth emphasizing that the calculations were carried 

out for the 90 - 110 Gev/c range only. Going back to Table 2 and 

recognizing that, according to Figure 8, kaons with momentum larger 

than 50 Mev/c are detected with adequate sensitivity behind the 

regenerator to make th2J'Tl useful for regeneration studies, we e}.'J)ect a 

+ + - .total of ......30 ,000 useful K -+ IT IT decays wlthout regenerator and 

""250,000 with regenerator. Assuming a lepton rejection with 95% 

efficiency, these events will come accompanied by 4 x 106 triggers. 

VI. Conclusion: 

We conclude that the experiment is possible. We would be grate­

ful for the opportunity to carry it out. 
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