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Abstra.c.t 

We propose to study the dHfract1ve and Coulomb production of K*o, 
'IT. 0 ° ~* 's using a KL beam and a variety of nuclear targets ranging from carbon 

to uranium. This investigation would result in 

a) a precise measurement of the radiative widths of the K*o. K*0 
b) new information on the strong interaction d1ffractive mechanisms 

c) a possible measurement of the radiative width of the K-(1420} 

We intend to use the M3 beam suitably hardened to enhance the K;: 

beam component. The detector employed would be structured around our 

spectrometer previously used in experiment 366. The total time request 

is 600 hours. 
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I. Phxsics Motivation 


We propose to measure the production of Kw states using the KL 

component of the M3 beam incident on a variety of targets. We summarize.below 

the,motivation behind this measurement of K~ resonances. 
~ . . . 

CA) Coulomb production 

The radiative widths of the vector mesons provide itnporta"~c:lues 

to understanding their substructure in terms of the quark model. At the pre

sent time the only directly measured widths are: 

Table I 

Process Width !KeY) ;,' , " 

890 ± 70 

126 ± 45 (KeY) 

Using process (1) IS input, we may make predictions of several other vector 

meson radiative widths for which direct measurements do not exist but which 

hive been deduced by means of the "Primakoff effect", that is production in 

the Coulomb field of a nucleus. We summarize these (l)in Table II. 

Table It 

Process Primakoff Measurement (KeY) Prediction (KeY) 

3) P- .... tt·y 35 ± 10 - 100 

4) {"'O .... r 75 ± 35 - 280 

The two reactions (3) and (4) invariably have to be measured in the 

presence of strong processes leading to the same final state. Both reactions 

have been measured(2,3) at ASS energies where the competing strong interactions 

dominate the Coulomb production. The resultant difficulty of extracting the 

cross sections from this rather severe background reflects itself in the 



... 3

substantial uncertainties quoted for the widths. The express'ion' for the K* 

production via the Primakoff effect on nuclei is given by: (4) 

do ~ . t I 2 m~* 2.
( ~ • 2 24tt~Z 2 2 3 r(K*Ky) 1Fc(t)1

oulomb (t'+tmin ) (mK*-m ) 


m2 _m2 

t K* J.{] 2
where: t' • t-tm1n and tmin = 

2 PLAB 

and Fc(t) is the nuclear form factor. The energy dependence is in the terms 

involving tmin and leads to a substantia'" increase in this cross-section 

(as much as an order of magnitude). in going from AG5 to Fermilab energies. 

The competing strong interaction is thought to be dominated by W
O 

exchange and can be written as 

dal . C (PLAB)
( wj 5T ~ strong 

This expression. referring to proton targets. is dominated by a ~ ~ factor(5) 
LAB 

g1v1ng substantial decrease by Fermi1ab energies. The relative cross sections 

from these two processes It two energies are shown in Fig. 1 .. 

For the present experiment the Coulomb production dominates the 

strong and we estimate that wI) production will constitute ~10% of the Coulomb 

cross section. 

In this experiment we propose to measure the two reactions: 

1) KO + A + K*{890) + A 
1... I('f.j!( 

2) [0 + A+ ~~(~90) + A 


1+ K-1t+ 

" 0 

using the KO. ~ components of the KL's in the neutral beam. The Coulomb 
, , 
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contribution to these two processes is the same. The strong interactions if 
.~ p 

mediated via ,xchange also give equal contributions. However. Pameron 
, " 	 .; ,I' ~ \: ~ ,.: 'l 

exchange cannot be excluded, and could lead to differences in the two angular 

distributions outside the Coulomb peak. The relative phase of the Coulomb 

and strongamp':itudes can be extracted from these measurements ,a quantity 

to which the AGS experiments are insensitfve. 

An additional bonus of going to higher energies 15 the possibility 

of measuring the radiative widths of higher k* resonances such as the k*(1420). 
, 1 	 ,." ,., '~" ',.':" • ;. , ; " ; : ~ 

The 	higher momentipennit tmin that do not damp out high mas~es strongly I".d 
• .' •• ".f ". ",.. "" ' .' " 	 , ' 

easily satisfy the necessary coherence conditions for production off a heavy 
, ,'. ,"1 f,'; • , ~ j',. ' - ", ri)::.' : ' . : .'" ; I ». - ' 

nucleus such IS Pb. S1nc'e the acceptance of our apparatul <see Fig. 2) w11l not be 
, 	 , \ _' , : : :', : ~ .! f~ ~ ~ t ~,J 	 'j' 

optimized for the higher mass studies we expect a substantially lower yield 
,'I 	 .' " 

for this state even if the radiative widths are comparable. Our future plan

ning in this regard awaits sotne results from the present experiment., Explicit 

rate estimates are considered 1n a later section. 

II. 	Experimental Considerations 

(A) 	 Physical layout' 

The experimental apparatus consists of a target surrounded by a 
, 	 '",' ,, 

scintillator. lead. scintillator veto box fo11owed by a vee spectrometer. 

The detectors before the ~agnet are a ser1es of wire proportional chambers 

and after the magnet fourteen planes of spark chambers. This system, shown 1n 
, , 	 " " I." 0 .. 

Fig. 	3. 15 substantially the same as that used in E-366. 
',; 

Two large Cerenkov counters and a ser,1es of three hodoscope. COln

plete the detector and these are discussed below. 

(9) 	 Cerenkov Counters 

The spectrometer 1s constructed around two Cerenkov counters Cl
'\", 	 .4u.ri;;, '" '' .'~ " .' '" 

• run 	at ~pressure and set to tag wls and not k's)and C2 run .t roam 
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pressure tagging both ttl! and Kis. Figure 4 shows realistic pressure curves 

for C1 and Cz based on our experience with such counters in E-366. 

The counter Cl is a pressure vessel 10m long and 1.5m in diameter. 

A horizontal septum separates it into two horizontal compartments (upstairs/ 

downstairs). Separate mirrors focus light on RCA 31.00om photomultipliers. 

This counter is in its final stages of construction and is shown in Fig. 5 . 

The counter Cz is yet to be built but will be functionally 1dent1ca' 

to C1 except filled with room pressure HZ and will be run with a lower 

threshold. 

The permutation of possible signals from the two counters is given 

in Table ItI. Thus, for example, a K*. (* produced by a 70 GeV/e k~ deelYs 
+ + .into K ~-, tt K-. which are tagged N. Yand Y. Nby Cl and Y. Yby C2' The 

dominant background of p~- at comparable momentum would typically have a 

proton too slow to trigger C2• Other possible backgrounds such as ~+tt- of 

course are vetoed by Cl' Our rate and background estimates explicitly take 

these considerations into account. 

Table Ill. C.e,renkov S1 gnatures 

Track Sign Particle C2C1 

'!I'+ N.y(a) Y 

+ K+ N Y 

p N N 

tt N.Y Y 

K- N N,Y 
.. 
p N N 

{a)MultiPle entries implies that. with track reconstruction. these tracks 
cIn be identified. The contamination from the1mplied p, K- ambiguity
is estimated to be <20% 
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(C) Counter Hodoscopes 

The suppression of neutron induced background is accomplished by 

taking advantage of the generally higher momentum distribution of the neutron 
I . • 

vs the KL beam., The three hodoscopes Hl;. H2. H3 can be used to p lace rough 

maximum momentum requirements on the outgoing particles. This scheme is 
" " ' 

explained in Appendix II. The logic imposes a minimum angle require
, , 

ment which is implemented through MECl logic and is fed into the fast trigger. 
. . 

Various alternative logic schemes are being investigated that best accomplish 
: ,1 

these objectives. 

(D) Trigger Rates and Beam Requirements 

In a'l;' the considerat1o~s we assume that a beam of 105 K~/PUl se 

accompanied b; '~2 x 106 neutron is a~hievable in the M3 line. Detailed con

siderations of these estimates and the effects of beam hardening are rele

gated t~ APPENDIX 1. 

1) Coulomb eroduction 

We calculate here the rate of event production on a .20 inter

action length, -1.3 gm/cm2 Pb rarget. Othe~"t'argets are summarized 

in Table IV • 

The Coulomb cross section for K* (890) prodUction on lead is . 
~2.0 mb at I mean energy of 70 GeV/c and rK * ~ Ky • 15 KeV. 

Thus we expect: 

8 x 10.5 (K*.[*)/K~ 

Branching ratio K*.K* + K±w* 2/3 

Geometrical and Cerenkov acceptance
averaged over beam momentum ~1/6 

Yield of events/pulse ~ lo5K~/Pulse x 8 x 10-6 x 2/3 x 1/6 

IX .09 



2} 	 K~ producti o,n ,through strong i nteract1 ons 

Previous K* production experiments have observed the following 
( 5)

general features: 

a) A simple power law behavior for the cross sections. 

a ~ Pinc·n• with typical values of n: 2.0 ~ n ~ 1.0. 

b) 	 The cross sections. at and to 8 lesser event. the 

power law exponent. n, depend on the channels studied. 

That is, at low energies a{K+p ~ K*+p) ; a{K-p ~ K*-p) ; 

a(KOp ~ K*op) ; a(Kbp ~ K*op). see Figure 68. 

c) 	The production density metrix elements for the K* signify 

dom1 nant t but not ex.c 1us; ve. natura1 pari ty exchange. 

The KL beam in the M3 beam now provides a unique tool for 

accurately comparing the cross sections. and the production density matrix 

elements. for the interactions: 

KO + A~ K'",o + A 


LK+"t-


KO 	 + A -+ K*o ... A 

L. 	K-.,/ 

In the above. A refers to coherent production off a light nucleus. for 

example carbon. 

We estimate the rates as follows: 

a) at lower energies: a(KlP -+ K*p) ~ 2/3 o(K-p ~ K*-p}. 

b) a(K-p ~ K*-p)\ 65 GeY/c=10ub (see Fig. 6b)i 

c) for coherent prod~c~1on {i.e .• P,f,w~ t channel exchanges}, the 

interaction rate on C ~ 1/2 H for the same absorption, lenfl.th target. 

the rate of accepted K* events is then~ 

http:lenfl.th
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RATE (l05 'Kl'pUlse) (0.1 absorption length target) aI 

X /4.4 X 10-3 mb (KEp .... K*p) X t\~+15 acceptance for 1dent1ca~ 
l-~2 mb {pp lnelast1c ~) ~~~K t K- Cerenkov cuts ;; 

: D.l/pulse 

This thickness target will probably result in too large a background 

from n associated reactions. see following section. Thus. early running on 

the coulomb production experiment will enable us to determine whether we 

can also take data at a meaningful rate on K* nuclear production. 

3) 	 Backgro!Jnds 

.Even with the relatively large ratio of n/KI: ~ 20: 1. 

predicted bllckgro~nds from both nand Kt: interac.tions appear to be within 

acceptable l1m1~s (except as noted above). This is achieved as .a result of 

four factors: 

a) simple event geometry with only two forward tracks; 

b} the use of fast hodoscope logic to exclude events with 

like-charg~ or high momentum (e.g. p ~ 10 GeY/c) tracks; 

c) 	effective coverage of -4~ solid angle with nO(y) shower 

counters used to veto events with 'fr0IS. We have,prev10usly 

built such veto walls and target boxes for experiments at 

Fermilab and at ANL. We estimate their efficiency at ~9D%. 

d) 	 two Cerenkov counters that allow both unique identification 

of K~ events and suppress i on of 'rr+'Ir- or p~- backgrounds. 

The Cerenkov information is optimally used 1n conjunction 

with the momentum information. point b). The sources .of. 

background are itemized below. 

a} Kn events from strong interactions: 

As discussed above. coherent nuclear prodUction of 

K*'s occurs at less than 1 event/pulse. The K~ backgrounds from other 
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channels will be dominated by dHfractive production. In particular.;IQII 

the 	troublesome reaction is: 

where the Kt is undetected. This cross section is 4/18 the cross section 

for Q ~ K.~. Using a cross section(S ), Kp + QP ~ 1 mb, we estimate for 

0.2 radiation length targets (corresponding typically to -1% absorption 

lengths) that our trigger background from Q events 1s t;5/pulse. 

b) 	 n induced backgrounds: 

Estimates from exclusive react1ons(7 ), pp ~ nn+p, and from 

inclusive data on charged mult1pl1cities( 8 ) indicate that the cross section 

for a neutron to dissociate is: 

and 	 that 


Thus t for a nrutron flux of 2 X 106/p"lse we expect: 

*of p~- N (2 X to6n/pulse)(.lS abs. ~ .8 mb 
length targets)· 32 mb 

cross 
app 

section)
aSs. . 

X (0.05 momentum hada acceptance for p : 70 GaV/c) 

X (0.5 Cerenkov cut on the + ve track) 

- l3/pulse 

(E) 	Other 

1) Resolution. 

The experimental geometry (see F1g.3 ) and choice of magnetic 

field in the forward spectrometer have been chosen to maintain excellent 

angular and momentum resolution. This is a crucial consideration in 
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Coulomb production experiments. The Coulomb cross section for K* 

production peaks at a momentum transfer t l ~ Itminl ~ 0.076/P~o Gey2. 
L

whereas the nuclear cross section. 

t lda R2t , peaks at - 3/R2 (-1/400 GeV2 on lead),
d£ tleTN 

Our predicted angular resolution. ~a, (which is dominated below 

100 GeY/e by multiple scattering in the 0.2 rt targets) is compared to 

apEAK' the angle of the maximum Coulomb and nuclear differential cross 

sections. in Fig. 7. The graph shows that(9coulomb/&e)is typically 

sl. Thus the forward dip in the Coulomb cross section is not resolved. 

However,(6nuclear/6e}even on lead is typically ~4, indicating that the 

peak in the nuclear cross section is easily resolved. In terms of Pl., 
!II.4.V 

our resolution corresponds to oPl~ 10 Ger/c. 

2) 	 Normalization.JSL Deeay~: 

We will be sensitive to the KL decay modes: Kr + ~~v, 

Kr + ~ev and the convenient nonnalizat1on channel Kr + ~+w-. These decays 

comprise ~66.5% of the KE decays. For 105 incident Kr/pulse this results 

in N13 Kr decays/meter/pulse accepted by the spectrometer. 'rhese decays 

will provide our normalization as follows: 

a) 	A decay region of O.Sm, containing the target near the 

upstream end, will provide a continuous source of -6 K13 
decays/pulse. These can be analyzed to obtain the KE 
flux and spectrum shape.(9 ) 

b) 	 Special runs, with a ~3 m evacuated decay volume. will 

provide fJ sample of CP violating decays (Kt: + 'Il'+Tf"). 

These data measure direct1y the spectrometer's angu1ar 

resolution, and corroborate the beam flux normalization 

from K13 decays. 
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111. Sy~ary of Tr~gger RI~~s and Time Es~Jmate~ 


We list below the expected trigger rates from the various processes 


discussed above. 

~vpntsLpulse 

KL K*, K*(Coulomb) .09 

KL KO, K*.(wO exch.) .01 

Q background 5. 

Neutron induced 13. 

KL3 decays --~. 
24 

We have previously run our proportional chamber. spark chamber spectrometer 

at 3 times these rates so no problem is anticipated here. 

The event rate for Coulomb prodUction .09/pulse indicates that there 

will be no diff1culty in obtaining several hundred such events per day 

under normal running conditions. We would like to measure the radiative 

width of the K*(890) to 10% (assuming that it is -70 kev). The l1nlitations 

on this measurement will come from our ability to accurately measure the 

rate for this process in the presence of the strong interaction channels. 

The dominance of the Coulomb process ill the forward direction will greatly 

aid us inth1s task. 

In order to properly study the systematics of this reaction, we plan 

to run with a variety of nuclear targets, U. Pb. Sn. Cu, and C. and would like 

to get a few thousand events for each element. We therefore request 600 

hours of beam time to perform this measurement. 

IV. Egu1pment &sup211es: 

A. Reguests from F~ilab: 

a) 	 One BM-109 dipole opened to 1011 vertical aperture (+ power 

supply and magnet end plates). 
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b) LiH (or Be) preferential absorbed of neutrons. To decrease 

the n flux by ~30x requires ~3 absorption lengths of LiH 

(-2.4 m) or Be (-1.1 m) plus the lead photon filter of -15 r •• 

The LiH or Be absorbed must be remotely cont~c'olled (e,.g •• with 

the MAC system). preferentially in at least two sections of 

-2 abs. length and ~l abs. length units. Suggested locations 

for the absorber (ordered by preference) are: 

(i) 	just upstream of the north wall of the meson lab target 

hall (i.e .• upstream of 269' location); 

(1i) part of the absorber 	(Be) in the bending magnet at 380' 

location, plus a remotely controlled section to replace 

the horizontal and/or vertical movable collimator at 388 1 
, 

393 1 
• 

c) 	 PDPll/45 Bison computer - data acquisition system (as per E366). 

d) 	 Oiscr1~inators. logic units, latches, etc., from PREP. 

We estimate that our requirements here will be similar to 

those for E366. approximately $85.000. 

e) 	to minimize the beam spot size. and the loss of Krts through 

decay. we would 11ke to set up the spectrome;"er as far forward 

as possible in the M3 beam line. To provide a KE decay region. 

a vacuum pipe of : 611 1.0. should extend ~5 meters upstream 

of our target. 

(B) 	 Supplied aX Ex,t!er:imenters 

We mention below items that have yet to becoristructed: 

a) a room pressure H2 Cerenkov counter 

b) two hodoscopes of 4 and 48 counters 

c) target veto box 
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d) A series of Pb-scintillator aperture baffles similar to ones 

used previous1y in £-12. np charge exchange. 

e} A Pb scintillator hodoscoDe sandwich to veto background rls 

from ~o decays passing through the aperture of the magnet. 

This array would consist of two orthogonal hodoscopes separated 

by 1 em of Pb. A similar system has been used by members of 

this collaboration in an Argonne experiment. 

(c) 	 Proposed Start of Running 

A careful analysis of our construction capabilities convinces us 

that the necessary items for this experiment can be ready on the floor for 

parasitic running in March. 1976. We would propose a period two to 

three weeks of parasitic tuning with data taking to commence on or about 

April, 1976. At this time we have no other major experimental commitments. 
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APPENDIX I 

KL
o 

Flux in M3 Beam 

o 
The 	 flux of \ mesons expected in the H3 beam line is given by: 

'\/GeV/l012p • (::~~AB\ Ml.) FA ~ (/(;:,e -~TILA) 101~ (l ) 

pp+Kt. + anything \ app' nel ) 

where: (1) &1 is the solid angle of the secondary beam line. 

(2) 	IT = target length, tA =absorption length for protons on Be; 

(3) 	appinel 1s the pp inelastic cross section; 

(4) 	FA, FO are the KL 
o 

attenuation factors from secondary interactions 

and from KL 
;) 

decays respectively. 

To 	estimate we assume(~~p~ 
(pp .... K~) = (pp .... K;) at 1!2(pp ... K+ + pp .... K· ) 


Thus, with: 


(a~~~LAB= f (a~~~pJAB' 'P~x 


( 2) 

A reasonable parameterization for the KL Lorentz invariant differential cross 
(8,10)

section 1s given by: 
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-15 .. 

2 -7.7!xl -4.5p~
2 

2 
f{x.p~ ) 0::: 4.5 e mb/GeV for Ixl ~ 0.15. For

pp-+Kl 

Ixl < 0.15 this function slightly overestimates the KL 
o 

yield. 

Analogous predictions can be made for the neutron flux. Using the 

inclusfve cross sections of ref. 11, and taking a production angle of the 

M3 beam of 0.5 mr , we obtain reasondble agreement with the measured neutron 

flux at 300 GeV/c. This is shown in fig. 8. where a comparison is made of 

the shape of the predicted and measured(12) spectra. The n flux has be~ 

normaHzed to the observed(13) flux at 3.00 GeV/c.• The flux norm~lization 
is not as good, the predicted flux beingapproximately a factor of two high. 

The final nf Kl 
o 

normalizations have been set by the observed n flux and 

the measured K~. 11 composition of the beam(14) at 300 GeV/c. 

Predicted fluxes at 400 GeV/c (per 1012 pl'otons), and with a M3 beam 

solid angle An:: 9.4 x 10-9 sr (3/4 11 square collimator at 647 feet). are then: 

no absorber ~t~nuated bX 30 x_ 

n 1.8 x 107 0.60 x 106 
o 

'). 2.0 x 105 0.31 x 105 

1.1% 5.2% 

We assume the secondary absorber in the beam is a 10';1 A 1l1~··(~rial, preferably 

L1H or Be with 0ninel/oKoinel ~ 1.8~1S;hese rates suggest that an adequate 

o 5 L " 12Kt flux. ~lO /pulse. and Kl/n ratio ~ 5%, is attainable for _3 x 10 protons 

on the meson target. The predicted yield curves for this beam are shown in 

Figure 8 . 
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AP~ENQ~X II 

Fast Hodoscope logic 

The distances of the counter hodoscopes relative to the magnet have 

been chosen to be multiples of each other to facilitate fast momentum 

reconstruction. 

I nterva1 Distance ~atfo/9C! 

Hl to Mag. center 270 3;,. 

Mag. Center to H2 90 

H2 to H3 540 6t 

Also the counter sizes have simple relationships 

Counter W.idth (0) # Counte!J 

Hl 1/2" 4 

H2 , 
! 

II 24 

H3 2" 24 

Since three points through a magnetic field are sufficient to define 

a momentum, t~e selection of appropriate counter combinations tan yield 

sign detennination, and a momentum cut. 

Using the above dimensions it can readily be shown that the bend 

angle through the magnet is given by 

1 ) 

And the momentum is then 
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If pl::< .7 GeV/c, 

then the maximum detectable momentum ~ 250 GeV/c 

and a 100 GeV/c threshold inlplies typically a displacement of 2 counters. 

Detailed Monte Carlo studies show that a rather clear momentum cut is 

achieved in this manner. 

Various means exist to implement the logic requiremenh of (1). Pre

liminary analysis indicates that such a scheme can be readily effected by 

means of MECL log'ic in times less than 100 nsec. 

Since the proper operation of such a device is crucial to the experi

ment. we are also considering means whereby this instrument may be tested 

by computer between beam pulses. 
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Table IV. Tar-gill 


D.?.. Radiation 	LengtJl .(a.)____Materi a 	1 I 	 . . 
(em) 	 I

I 
Absorption length 

! for neutrons (%)Z j --	 -- 
I ~ !6 I 12 13.4 	 26.8C I

13 I 27 1.80 I 4.8 

Cu 29 64 0.29 

Al 

2.0 

Sn 50 119 0.24 1.0 

Pb 82 207 0.11 0.6 

U 92 238 0.06 0.5 

(a) 	 .Coulomb productlon rates are approximately constant for the same 
radiation length target. 
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FIGURE CAPn ONS 

1. 	 Coulomb andJ.) exchangf! contributions to K*(890) production otl Pb at 

8 and 70 GeV/c. 

2. 	 K. acceotance averaged over the KL 
o 

beam spectrum (Fig. 8). Th~ 

acceptance for Kn events vlith momenta:; 70 GeV/c/track. as determined 

by the hodosccpe 1ogi c (see APPENDI X II). ; $ shown di!shed. 1);Yenkov 

cuts typi ca l1y reduce these acceptan~l.,!$ by - 1/3 to l/2. 

3. 	 Sc;hemati c of our proposed fon\'ard spectrometer. The y Vt.:tc counters 

are only sh')Wn in the plan view. 

4. 	 (a) Cerenkov threshold curves with }'ealist'ic effici'"'h:ies incllJded. 

Cerenkovs C1 and C2 would tYP'ically run with indices of refraction 

approximately that of He and H2 respectively. 

(b) Actual 	 pressure curve for Cerenkev (mmter {s'imi1dt~ to Ct } used in 

E-366 

5. 	 Engineering drawing the main body of Cet'cnkoll C1" 

6. 	 (a) low p.nergy Kp ~ K*p hadronic cross sections. 

(b) 	E.nergy dependence of Kp .... K*p hadronic cross sections. 

7. 	 Comparison of the angular resol ution of the spE';::tromeier (,50) to 

physically 	,'elcvant angles: 


Nuclear 

apeak defining the maximum in the differential cross section for 

Kk hadronic production, and 

Coulomb 
apeak defining the maximum in the K* Coulomh production differential 

cross section. 
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8. Predicted nand K beam spectra at 300 and 400 GeVjc (see discussion 
l 

in APPENDIX I) assuming 3 x 1012p on the meson lab target, ~Ius -3.4 

absorption lengt~of liH (Be) in the beam. 
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Energy dependercce of K~ and K!;O production 

- . b) K-p-K~20P5001- \ a) K P-KS90P 500 
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I o Ref 5 
• CERN - IHE? (1912)
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