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ABSTI~\CT 

We propose to investigate tll(~ asyrr:ptctic properties of the, K p 
o 

and K P ('.ross sections from I~O GeV to 200 GeV by the method of neutral 
o 

kaon regeneration in liquid hydrogen. Both the difference in total 

cross section and the regeneration ph~se will be deten~ined to a 

precision of hetter than J.O% up to npproxbnately 160 GeV, and with 

decreasiug precision to 200 GeV. 

The apparatus we propose to use is of a standard reliable type. 

The neutral beam is derived from a target interceptin~ lOll protons 

at 400 GeV in the main accelerator ring. In this 'tIm.)" an experiment 

of major importance can be done ver.y ear.ly in the NAL prograr.J 'tdlich 

cannot otherwise be attempted until tllC adven: of Area III. 
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on at 400 CcV 

In this experi.T!1cnt Hf' propose to meDsure KL -r K8 regencrA tion 

on hydrogen at encrgips fHim flO GeV to 200 GcV; both thE' magni tude 

and the phase 'v:Ul be determinEd. The magni tude comes din~ctly, and 

the. phase comes from interference "7ith the CP violating ampl:itud c 

NUcCt intensive study has been and is bein~" made of the CP vio-

Iating Rmpl itudes. They are well enough knmm nm,', i'Jnd ,dll 'become 

better knm·.'n. \\'e assume 'belm·] that they are knmm. 

The amp1:i.tude for regener'ating Kl:) from K , in [i finite regenc,r,,!toT,
L 

depends upon the di.fference of the K P and•....- .._.- 0 

amplitudes: 

i rrNilS [f (0") -f(r)'~) ] 
p --~ ..~- -----,.--.-~-----~.-- i-I

k 

"there i.n this formula: 

k del)r.ogli€~ HHvenumber (em) 

IJ\- 1·,(·)·,("'t'lln orr ].a'110r<lt;~r)T k",o.!'..1'" - L, . I,' "l, . "~ _, -. ". 

'1: ] ifetilllc o.f KS in its O:/n Lorcnt;: fr;lJn.e 
S 

" iii :0 L:hoL..to;~y Ks _ <\(:cay lcn th ( 

f 11"<.\ 
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II.\"" .-- J""1. - n',IS (lit".-'-.; t,"SOt::L ~ S )l 

are const:ants, either llwasured or ;::H:~;U1:1ed v]('11 knmvn. The optical 

theorcnt can be applied to this formulfl to yield: 

- ~')L/As 
--"--,-,-

S J 
i(¢ 

e 

7T _..) 
2 1-,2 

where: 

a (K 1))
total 0 

- a (K"n)
total a 

1-3 

r 
I 

(j llUl, S 

- ibmT
2 

1-4sin q'f 

regenerator normalized to the ci.t~'}c;n)" KL flux. At 11 distance z 

do\,mstrcn:a of this 

the ep violating IS, ..j, i. 
+ 

il 
-- amplitude to produce an :i.nten~;i pattern 

given by: 

-Z/1 '\ . -J'5 
e x 

x cos [ArnT - ¢ + ~ ] 1--5
+- n 

\·:here: 

\ " 
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prJPcr tiD2 froQ regenerator1 

The basic phase we are interested ip is ~f \~ich is defined by: 

1-6 


The phnsf' ¢L is an art:i.fnct of the finite Tcgc.·ner;~tor length p,1veTl by: 

Arg 1-7 


Our technique is conventional. \-!c \/111 If.C'flSllt"e (·ach pion in the 

+ 
'IT '!1 decay in a dipole.spectrometer; the evcmt is Rc:c.epted if the· 

invariant nlRSS is equal to that of the K, and the direction of the 

. I' .I(eCrlYlng ·'s ].5 the direction of th'2 incoIlinp, bear;;. The: moment.um of 

the decf1yic;~ KS is detcnnlned; alld the pusjtion of its decay. He uil1 

+ 
record the ~ TI decay intensity, as a [unction of distance frotr the 

re~(,T1erator (z) <'111d kaon mo:n2ntem. TtH"re \1i11 be an effie 

with no targc~ pr~s~nt. 

We wi"i trnnsforD at 

http:moment.um


Then equations 1<~, l e ,3 nr:d 1--(; cn;:,ble tlS to deten;tine: 

Gtot:tl (KoP) - 0 (1~ r) Ir,i [f(O)-f )] 
, tot~ll 0 

to an accuracy of 10% up to 160 G0V and s1 tly less accurately to 

200 GeV. \'lf~ a] so d.::tct'~';1inc: 

to 10%. 

'!'hese tHO panH'lcters, determined as <J function of ryk\ are the 

i.c'::'.1 information 01) tClined in this e~{rcriment. As explained in 

Section II these arc' exciting pn.r2.!~lcters to kno\.f, and should he 

known at as high cnerBY as possible, as soon as possible. 

In addition to this fundRmental end tant: !1H."aStlr(~l:lent, there. 

arc lflany other processes Wflich mifht bc', j nvcsti.pntcd if sufficient 

the possibilities in his .1.968 Sur:,'1HC'r StUlly 

\-lilJ. not discuss thcE~e possihiliU.f·s in thl propo:;i-1]. 

Given that one can Kr<in a snbstantj, 1 ac1vanti1gc over cO'J1vcntio!1z:1 

-, i 
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prac lienl hr·;:r;n angle. 

We suggest the internal because it can provide kJon 

a ~ood deal higher than c~n be practically attained in the 

presently planned neutral beam in Area II. This is true mainly 

because one cannot target 400 GeV protons jn Area II; as a result, 

t.he ilngles 2t vhicb one can get an appreciable flux of 200 GeV knons 

are cODlpletcly under the proton diffraction p~ak and the neutron 

flux is oven:hclmir~g. This was disCllSSE:d (for eXdtnple)by Smitll in 

the 1 ~j68 N!,L Summer Study (B,l~-68-17). Becau~~e He view a target on 

vJh 1{00 GcV protons are incident, ve get a substantial increase in 

net kaon producti.on above 160 GtN, relativp to tllP pJ'ocluction by 200 

GcV protons. The diffraction peak is only half I1S \Jide ill laboratory-
angle, and our gDin in kaon to neutron ratio is exponcnti&l. In 

this difference lies our salvatioll and our motivation. 

Of paramount importance in the t question is the fact that 

one cannot use the full lOll protons , so the lihlitaU.oll Clli 

radiation and radioactivity in the l:lain r deE's not limit the re

generation Exper1rnent. This is a very important poJnt if one taLcB 

as a primary goal, atl:linin?; tlw ldf,hest pDbsible kaon encygiC:'s. 

From such a point of v5eu, th0 int~rnal target approach cannot he 

JrtlprovG'd tip '11 until tlw advn:l: of L~rCfl L I :In t1K int1efh,i lJ: future. 

p 

http:producti.on


One of th~ part) clllarl y EdElple iCUOllS of high energy 

totnl cross sections is that as the enex.'gy teltds to infinity, the 

particle cross sections become equal to tIle antiparticle crOSR sec

tiom,. A stJ':onger prediction is tlmt hoth tend to a eonstant. 

b · (The Jntest dnti:l on this su Jeet ~- including n!cent data fro1l1 

-r 
S01:pukl!ov -- are shmvfl in t'V70 accrnnpanyin~ figures. At 60 Gev/ c th.::; 

1r'+P, ,,:-P; RI-i' , leI' cross sections are not approaching eAch oth.:r us 

at high energies. The data are conpDrisons of t\vO sepc'l-ate e~:peJ·i·· 

mentE» each \vith its OVil, partially s(cp~'lrate systei!1Htic errors. Thus 

it becon'c::; hard to measure the difference accurately. 

i...)c make vnrious "plausible" extra ions from the data in 

onh'T to jtdge the effec.ts; One j s that the K+l' cross section i" COIl-

stnnl frcw: 20 Gev upi,mrds, emu the other> H fit by l1arger and l'llillips 

[Phys. Rev, Lett. 2 l f, 291 (1970)J wherehy the cross section d:U'fen':!lcc; 

[':0 to z("ro at hi?,h energies. 

Experin,entrdly the error on the total C,(G:c:S sect :ion mE:<lsur Ls 

r;l C'a~lu r e ;;.1 (! iffor C~nt~f~ bet,/c:.()n c ,~-t' Y) QneJ 
h' 1 

or a:;ythir,;; like it .. - is CC>lT(:ct. 

T!:L' 

r, " '" 1"· 
" 

I " ,/ J 
ctI 

t::" (. {. 

http:effec.ts
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hydrogen !;Jhieh for a thin l2rget is pr,opo·'tJonal t(l the difference 

bet,,'ccn K P and Ir p c:ro~;s section::;; sec equncions 1-2 and 1-3. In 
o 0 


addition we note: 


Im (i.::::.O (by the optical theorem)
k 

:: (by isotopic invariance) 

He ,·rill also I"lemwrc the .?.!'!~ (oK P + OR p) (lirectly, by absorpticm. 
o 0 

The real part of the rpgcn(:'ration amr:J.ittHlc is related to the 

imaginary part hy a dispersion relatIon. Similar dispersion rela

tiom; m;::.y be Hrittc'u for all high energy amplitl1d(;~> and are linear. 

The detailed amllytic properti(,s determine thc~ suhtraction constants 

('ma pole tel'ms. 'k m:pcct, there·forc', a rcl tion 8111111,-11" to: 

1
R e [f (E) .·Tt;])] - A + 

1T 

A "b ump " in 1m [f (n-f (E) J of a Gat: sR:i.<ln or Lorenzi::.n :;:;k,p,,: 

') 

?:lve:,; a ch2:we in In [feE)-f(n] vr: ry j. np, E 1/ (E··E )". Hhere[).s the 
o 

(n F( 



--
For example. if n 0 is constant, the ratio:.' K1'-1(p 

o 0 

2 1 Etan ¢f Ti . og H 

as .shm,jn hy Hartin. 

Sjnce below 6 Rev the phase tan ¢f ~ +1, we expect a change of 

sign. A typical curve could be as stown in the fjeure. nut we can 

also cnnsid er the possibi Uty that tan <P f -r Oor stays c.onstant. In 

any C.i'!Sf~ it must he 11lCasured. 

Thus th!~ mear;urC:7lpnt of tan ¢J f is V("1'y jlllpr)J~ tant; j t is comp3r

The only good measurements so far arc those of Foley ct <0:1 [Ph:1s. 

+ 
Rev. Letts . .!_~_, 193 (1967)] on TI--P collisions \,hich are very far 

from this <;ceuracy. 

o E J~---·-1-----·-----,----- '---f--~--" ---
I~c i7'C ,:_CD ((,e V ) 

-1 
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We expect to prGduce a neutral beam from an internal tar

get at the beginning of one of the long straight sections in 

the main ring. The bemn wi 11. eme into a solid angle of 

7apPl'oy.imately 2.5 x 10- ster. at an ave angle of 7.5 mf' 

relative to a c1 ~ulating beam ur ~ GeV protons. The number 

of interacting protons necessa.ry to produce a good experimfmt 

16
is approximately 1011 per burst, and p8rhaps 10 total. The 

scheme by which we expect to achieve such a beam is outlined 

in sllch detail as can be knmm at present in Appendlx A. In 

general, \'lG believe the requiremunts can be conservatively met 

within the design paY:f1meters of the system) and more impor

tautly, very early ill the life of the accelerator. For the 

purposes of the remaining discussion, we w1ll assume the 

existence of such & beam. 

The apparatus is shO'i,m schem,atic ..;Jly in Figure 1. The 

neutral beam will pass through a 2 meier target of liquid 

hydrOGen plac ely 300 met~rs dmgUstre8m from th2 

tt 

to 

http:necessa.ry
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target. At the end of decay regiun) a ';.lirc spark ch<smber 

arr&y antI "tnaIy::: magnet record the trajectories momenta 

" .of the (lecay pa:ctic 1. s. 1'011..OW1.ng this magnet analysis, 

there is a prog~ession lead co~crete abso~ber8 inter

spersed with scln llation counter arrays which are us for 

triggering Bnd analy s. The entire ratus is approxicately 

120 meters long, and requires a building perhaps 6 meters wide 

and 6 meters high. 

Events are recognized by t electronic logic, and 

recorded as spark positions in wire chsniliers of the magnetic 

core variety. Those chambers are selected over competing.
methods of data acquisition because they are unexcelle~ at 

the present t:Lme for reliability, economy, and multitr<lck 

efficiency. Additional information pertinent to the identi 

fication and analysis of KS decays is obtained frCIll the 

scintillatial counter arrays. All the data is acquired and 

processed by a small computer associated \'lith the expe.i':iment 

(nct,,! expected to a PDP-IS being p~rch35 by Harv2rd). 

do not feel it will necessary to tav2 direct on-lin2 acces~ 

.. -,~' ,,~. ~ to ci 1£1 I.l:.'dl)iC 1.·( SUetl (;. 

b1~; at th:L s 
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for processing off-line. We expect that the PDP-IS will be 

able to reduce sOn1c\;hat the dat.a on··line as viell as monitor 

the performance of the apparatus. 

The geo::netry of the situation ccmses the neutre,l bc[ull to 

enter the beam area at a depth 5 meters below ground level. 

This suggests to us that the electronics be placed in a 

counting roorr, above the apparatuB. Thi G is optimal from the 

signal propagation point of vim'" and should luwe cost 

advantages as well. 

The events of interest occur when neutral kaoos having 

energies betv7een 50 GeV and 200 GeV decay into t\'70 charged 

pions in the drift region after the target. This decay mode 

represents only a fraction of a percent of all the kaon de

+ cays which can occur. The contr:i..hutor s to t.he 1T 1T mode are 

the CP violating I~ decays, the cohcrE'n tly regenerated KS 

decays, and the incoherently regenerated KS deca.ys. It is 

the interference amplitude bet\v8Cn the rst two proceSSQS 

\\1hich gives this experiment i t8 grcc.t'. beauty; the inter renee 

enables us to measure not only the bLlt also trtc 

.~... - ., 

.



the analogous experiment.:s being contemplated wj.th charged 

kaons. It is a primary 1:"eason for doing this experiment. 

The tHO charged pions are collected \vith very high e££i

ciency over most of the decay region in a large H-m,3.gnet 

placed astride the neutral beam. The pions are strongly bent 

in the magnet and then pass into the absorber at the rear of 

the apparatus. 

mation from scintillation counter hodoscopes at the end of 

the decay region produce a trigger pulse to the spark cham

bers. After sparking has occurred, the counter aud core in

fermat ion is read out to the l'DP-15 and preliminary analysis 
-.. 

including track reconstruction is made. This partially re

duced data is then v.rritten on magnetic tape fOl: later analy~ 

sis. The data is also scrutinized at this point by the moni

tor progrBffi for evidence of malfunction or drift in the 

apparatus. Cther test routines are eIl'.plcycd between beam 

pulses for monitoring purposes. This sort of approach is 

very standard by nOi\7 and necessary for doing reliable experi

mants. 

In addition to the two pion decals that we are most 

inte}:ested ill, there: are Ie dec8ys '>lir'.ch CRn be very va lllab l(~
L 

:(0- ;: 
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of the apparatus. Be will certainly record data of this sort 

on a shered time basis ',lith t\'lO pion decays. In principle, 

some Physics can b""- °ot:t:,.,n- 1!.ler{~.- '1)ll'L'" .; C' • l. 1. CP VJ.O. 1b •. , ~ .... i:> plAl'mar~' 1Y 8.

tion pararileters, ,Uld we expect that these "7ilJ. already be 

\-1el1 in hand by the time ,'le run. He prefer to vieH the CP 

violation at this point as a fantastic interferometer, God 

given and ready for exploitation in unraveling the energy 

dependence of the K nucleon asyrupto scattering behavior! 

Background in th:Ls experi.ment can be caused by neutron 

production of KS in the target and by incoherent I~ regenera·~ 

tion. Most of the background problems are already kno\·m in 

't ~on. exper:t.meoLs. a'L- 101i1 energy; thE~y have been sucregenera .. 


cessfully dealt w'ith and no seric;us eneJ.:'gy dependent problems 


are snticipat3d. 


He have attempted only an outl cf the approach we 

expect to use in order not to obscure the general picture 

with technical details. These are covered in much more 

ta:L 1 in the i\ ?f' ces for Or'S vish to inquire. In 

genera1, hO"dc,let', \'Je feel the expe t is technically ';'1811 

\'lithin the bcunds 0::: current tccli'C}?y, most of tbe 

p Oll 



I v, . 

frOf.1 <1 pardsite tar;:(~t j.nsJdc the main rilli:'<. A building to house ttc 

expcr:tJ:,,'!nt at the ('ud of the bUlf'1 transport '''ill also be nc.'ccled. Th(;".('. 

tHO r reE1CIl ts :0;0 sm;'c,·.. ha t b(:)'I:HK1 the scorr~ of the anncnmccd poI i cy 

of explo:Ltinp. "nooks ;;tnd crannies>" Lut ~ve heU evE' the physics dlich 

cen he accomplished jtcstifies tloe c'ffort. Preliminary discu;:;sions pith 

mCT;]ucrs of th,,! !L\L suiff have ind.icatcd no serious tc(;lmictil. prohJ ern,; 

Hitll our hean needs. 

In addition to the tHO I'lajor itens r,c;ntio!1E'd a1;ove, \1P IlDVC ;:; 

tiOIl<11 nature. The first is a lar;::(S 11qujd hydrog(~n target; the 

but i+A' ~;tr;1ightfor,.,r3rd in df's:lsn arH'i shnuJd not CO~,1t a grc.£lt de~~J... 

i\'t, FiJI also require E'lectric pO'Jer and cooling \-later for om' 

'11to intercept ] (J • jntcrr,c" 

t 

,; U] h 
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prot'ons to 1.00 Ge\' for u::-:e in area 3, He. \1ould expt,ct Ute inter 

nnl taq'.et to be cl:aH:.:',cd to :intL'.rccpt a vety much st;!;l1l(')~ fnh:tion 

of the bea l,. At any r tc:, the intcnsil:ief; n'·qu:i.red for regeneration 

1011stlldies are cOF,pleteJy adcqur~te at. intenH:t:ing protons; tids 

nurr:1iPX should he compntildc ,.;ith the li,T:dt~ OIl pel';aitt€,d hee·In losses 

inside the main ring as statpd in the NAL Desipi HepDrt. 

The b(Oam is E'xtr<1ct(;rl :in (l direction such that it jnst cl(~ars 

then p,~SF!es through 1:1 brass colJir,:ator ddch (1cterndn(~s the sed id 

angle subtended. F'e envisIon the-; collimator as pcrh'<lps resting on 

th<:' first main Jolng magnet after the stndght Si::,ctlon or just 2.hr:cac1 

of It. II s~·'ef:pi.l'lg magnet to l'E'l,O'.'C charp,r~d p~trticlcs is plDced ir:;

mE',c1:L:1tely after the first col1in.:1to'L. A scc("jHl colU.rwtor follo\}f; 

just before the beam exi.ts t11(; main rJnr tunnel at th.e point \1;l:,'Te 

the transition from a 12 foot diHmeler lunn~l to a 10 foot dianelur 

tunne] occurs. There is nll offsCc,t at this ]loint \;.'[11ch \;:ill ju.,;t 1'er-

mit, a tHO inch dj ar:·p.ter pipe to carry tL.::> hf'iln out of t1,f." turliwl. 

The locii ':.>f the first dO'.:llstrc.:uiI quadrupole Hn:l the tunn,:-l tr;:,nsi.-

, , 

f 



,'rhts f',c;o;netry l:indts tlie netltl',d henEl to a closest <1pproRch of 6.7 !'::r'; 

v~e Hill attf:lT<pl <l hp,:Ull at an ani!l", Idore lib;~ 7.C' rrr for ~;afetyts, 8[11:c. 

The ]),.,11'1 is then tJ:<.lnBpor tpd il sufficient d1 stance to (:1 ear tlw 

main J:in::r. earth shIeJd. '1'11;;; may he' f,r}o tCl 1000 feet fro:!! the tarp·,L. 

At tllip; point th[" bemn enters the: experimel1tRl area and pas~~,~8 through 

R fi~Q] collinator. The first cnllirnator is the stop of the system. 

The second C'lnd third act only to intprcept the berl.Pl halo. A V<1cuum 

the third collil1wtor, The beam transport pipe sbould be etl(,uf',h 

so :that: earth shi.fts \.JjJ 1 not cause it to interc(;pt the benm. 

The requ.ire:ments of the E'xperil'::ental ,}Tea. 81"e governed by the 

K d(~cay length. This decay length is 5. 2 nlf;t:eT'~; for ,'1 100 GeV J::;;on.
S 

About 6 lifetinlcs are nec(:ssary fOl: devi:lopmcTlt of B con,plctc sl'Citin.l 

diffraction p8ttcrn, and this C01TCi'ipOn(;S to a decCly path of about 

60 mctL,rs at 200 GcV. Ahove 200 r.I2V, t~lC LIOn flux fedls nff so 

rapidly nat there ar.c not enough events to pllrsu" the cor;1plete 

pattenl, nnd \,:2 need Hot have a fuLl f, Jjf(~t:ilr:C~~. 

, ... ., ... 



1'/ 

r;hould j,,' pt"ovided in ('1.·der to install and r('i~love he:'tvy equlpw"mt. 
!it} 

An ovcrho2d crane with 
tar 

tons capacity would he e~tremel.y 
The l.'n:fPHl parl of the s liS tons. 
U cnft·1 '\ Vleft~ror'{('~ 0~M~~0 ............... '1' ......... \. ....,,~. .~J.."' ... , ~"1J ........-"~, comnut0~ space, and working spnce might 


be provided in a room G1,(lvc: the n<1g11ct regi.on. The bCF:11l heif~bt at 

I 

the target is about 5 meters hc!lO\v r;round, so an excavation 'vi11 b~ 

necessary for the build 

The opti.r'!Ufl length of a target for KL • KS regE'ileration depends 

upon the anticij)ated ilf:.ymototic beh.qvj()-,~ of the K r. - K T) erOE;S 
- 0' 0 

sections. Since the clifference :in thGf;:~ cross seet'iow,; is the obi C'C t 

of invc~~t5g.:1tlon, it if> not pnh8:ible to kno'.\· the opth,um vnlue A 

\'hat \·;'C do in this case is to specify a :, l",r~t:el: 1cmf', t,Hgct 

vith 8 dianl("ter of about: 30 Cil'. Til'.' nhysi.cs of the: nClltr.:ll k20n 

til or the dr.-,ns (,f th 

c) rd t () e] 5::l. t the 

that the:lenslty m(~thoc1 is superirn', Pi [tj:::\I]a~:]y frOLl th(;:, v n" 

http:nhysi.cs


comhined \'lith a regular liquid hydrogen nm to give a density variu

tion of a factoY {f. Tltis ,viII permit optimul11 separation. Such a 

tayget is practical, 

1011g that one is \\'oJ:ried by the amount of heLium gas \·!hich n,ust be 

tr~).versed by the beam as "lell ns by the decay secondDries. The scc-

ondary pions mUltiple scatter here <In,, some resolution is lo~~t. Of 

morc serious concern is the production of false trigg~rs by n~utron 

interaction in the ilcliunl r;as. To Le on the safe side. viC, must 

<,!S~;Ul'lC that the dcc[lY region is maintained in vacuum. 

The decay region is only 30 em in diameter fit the target end, and 

increr~scs linearly to 150 ern at the n18gl!et. pnd. The VR.c.tmtn timl: 

might con ist of five or more circular cylinders of increasing dirun

etc!' and join,eel b:,' seal cd matching r . Thin my];'lr or stainlec,s 

and appropriate sRf 

of l'lenvy ·.lonpd end cove!:;; \Jil1 have to be provided to s] i'ir'l sht,.t on 

dcudl. 

'\ 1 



Other 1t(,nls 

U[;1)['.l re:quire:;:H'nls for electric pO\:er anj ];1'1.gnct cnaling. The rndf;

net Fe coat att: 1'.,ing requires up to BO~) kw of pm.'f'l'. Our c-lce·

The large l1quid hydrOGen targets and the long \raCuuri·~ chan~l)(~I' 

are the primary safety hazards. Other sd:ow18ry hazards <He thl? usual 

oncs of large, streng wC1gne(.ic fields and T)hotomultjpliec tube high 

voJtageB. The entire area will also have a fairly high radiation 

] evel in the vicinity of the beam ",'1-lile the experifiwnt if: runil:tni~. 

These safety hazards sUf,gest that the e}pCriF,ent s11C111 he locked i'llld 

int(:rlockel "'hile running. A he<'cn stopper precf;d ing or IJ(:l\ind the 

first collimator is required for srlfety ,,,];e,, people arc in thE: cll'('iJ. 

A ro;;;s:i.bll.) altc:)~mltivc to the stopJH?:r might be an interlock \<lith the 

target fliprin~ mcchenism. 

http:wC1gne(.ic
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as stfltcd above eXjlect to providc' all the 2pparat~us required for the' 

experir;,c:nt not explicitly reqllPc:tc'd of "FL :i.n Section Ill. This 

and electronicf" plus a smnll on·-li;Sc;: cor.~puter:. He arc investi gat:i.ng tIte 

pOBfd.hility of a diesel generator for the magnet if this is thought to 

be a problem for the laboratory. 

Because "e \mlild like to see thi s expp)::iment lippei'll" in the vE'ry 

early Op0T~ting period of the accelerator, we have set up an internal 

schedul c here at i::'n:vard aimed at completing the appnra tus by n~:xt: 

SUll:r'lC)". Thfs sclit'dule of cour~H' [\S~Hm;(:'s an ('quit;:,hle sharing of the 

work load with our collaborators. 

Schc(:ules are notor.iously hil.J"d to lHRl nlJ!.tn j n high energy physics. 

We bc-.J.ieVl! this is in large p'lrt. thJ(~ to the fDel tilr.1.t <i subst;mt:laJ 

http:gat:i.ng
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the tnst plcctronics for the triRrer. 

The f:,oft~·.'tiL"e fer tracK reccnstruct:ion using the C01'(: sy"tcrn lws 

hifch Hrt botb by the CER~ ~roup and by oHrsclvc.s 

ng \li th j t full·.. 

A large fraction of the effort uecessary to produce a workinz 

apparat\IS is the test and evaluation progj~i'"nn. The TIliJgnet ,,-hieh "'';;; 

hope to usc l.S nOH re~;til1g on the floor of the CEA. \·!e E'xpect to Ii:np 

the i113.gnetic. fic,ld and dress this rl;lgn0t Hith core eh8rnhcT13 213 it 

stands, and late~ test it in place with a hCBm of electrons. In 

the test phClse, tl1c co;;,puter Hill be avaiJahle ,,,lith its soft\"T2re for 

system checks. All this can be done in C?H,bLi c:ge. befo;·e moving to 

NAL. 

Another important ingredient: for a E:t:ccu;sful [!'len t is the 

the laboratory. One of us (Professor Kirk) will take this respon

sibility for th~ Harvard group. 

It if; perhaps l'~,cful to F:(~lltion ;::1: this 

the ~p ir.lastic ~eott0r 

\,,-l'jen thc,' 'tUOfl 

, ' 



saves l:(~.Jncy h(!sidcs. '-lith tbc~ sizQ lJ.nd COGt of e:<pf~riJnentf; rJsllii~ 

so rapidly, l.'e expC'ct this to bccowe a standard <"pproach. 

Finally, "'lith re;:;urd to tiT:iC scli('dules, He ",1;:;11 to complcruc:.nt 

the ebnl1ient spirit: of thE' laboratory by f!ctting our B.rlH:1ratlls 

ready to :=;11i1> to BE':t;:via by StTmt1er of 1~71. In this HDY, if all 

goeE ,;el1, an e;~p[:r:Lr;;cnt of Tl\c:jor importance ean he pcrfoTnc:d hdlh 

16
the first 10 protorm accelerated to {fOO G(N! 

Our experiment needs 500 hours of accelerator operation at 

011 I]' .{IOO GeV vith a duty cycle of 0.1, Hitl! 1 ~ protons pu .se Jnteract:l.ng 

on the t aq"r~t. 

http:Jnteract:l.ng
http:complcruc:.nt


Appc>.ratns 	 Supplier 

t-b;<net (requested from CEi\) 

Hi1rvard $ 30,000 

Mafnet measurin~ 	 10,000 

Po~·;er supply (750 1:':7 regulated, variah1 e 
only over SInal! range» FAL? 100,000 

100,000 

Scintillation counters (som~ exl!iting) 10,000 

P,eam pipe P",,\,.;, '- pt..:. 30,000}"I'I"'·' 

NM. can 1,000

lprovide 10,000 

f 
CCll)crete Pad or building 	 then 180,000 

Compl!tc'r (P1W15) 1/2 bot:~:,ht 	 Uarvard 40,000 

Electronic eq~ipment, 1/2 bought Harvard 	 20,000 

Lend 	and stpe1 abSOl"bers for clcc.t:romag-" T!arv~rd or 
netic and hadron absorbers in NAL, as 20,000 
trigger convenient 



--

APPENDIX i3 

'l'riggcr and Event Si,cnature 

The decays of interest cons tute only a fraction of a 

percent of all the kaon dec which occur. As a result, we 

must develop a trigger which accepts two charged pions with 

high efficic-mcy and scts very strongly the vastly more 

popular CP conserving Ke3' K~J..3' and K31f decays. He must so 

veto charged particles emerging fram the ta ,dth very 

high ef :Leney in 0 to eliminate neutron and kaon in

due events. believe such a t ~ can be made if a 

vacuum decay path is provide9., and possibly even if we are 

fo:tced to llse helium bags. 

Consider the diagram shovm below: 

E~ .' --.- ..--.  ' . 

~·A-"rl 
..3 

";.'-- '::"1' .:. " 

,/:.. I~>-

1._.•.•_.". ''''__'''_', 

@ 


c 
., .,t> ';.-. 

',' ; : .,' ~ . ,; ',-, "'~ ~ . '.) .. 



The t r condition wo desj.gncd is to observe exactly two 

"spotsll or cha particle tracks at each th~~ levels A, 

This will record the impact of 

tvlO 10 GeV or gx:ca.ter pions with an efficiency of 99% or 

greater. The oth0r K decays are climinat as follOl·18: 

K • iiTF! observe only one pulf: p at C t~\70 at l~ and B.e3 

This is because the electrcn sh()~'Jers the Shcn'7cr is en~ 

tirely absorbed between Band C. The t r rate from K ')
eJ 

is les~ than 0.1%. 

Here we veto on the muon which etrates the C01:1

crete orber and is recorded at D. probability of 

to the in.. 

ef iency of the D Plane counters. 

K " '1'he neutr<11 mode is absolutely negligible as it 

here in about 0.01%, co~~~t 

37r 

has only photons or electrons in the final state. The charged 

mode is suppressed hy a factor 70 corre anding to neither of 

o
the photons from the u decay conve~ g in the lead con

verter betl:ve ~n A .::md B. Additional ph6tc,1.1 detectors \·;,ill be 

:[1' )nt of the ElagnGt to s lemeuL the phase space 

subt by the mi~5n counter a 1':' ,. t paj 1 t B. The>. net 

p 

t 



All other proceHses must be due to baam interactions in 

the tcll."get. Thj S TilCan s we ffil.U'; t have a VCl.'y good an ticoinc i

dence counter just cio\,nuitrecnn of the ta and preceding the 

vacllur'll tank \'Jbich const:L tutes the decay space. He can ect 

another small t r rate from accidental coincidence, but 

we do not expect this to be large. All told, we expect our 

trigger rate to the spark chambers not to exceed the n or 

of 271" decays by more than a factor of t"tVO. The 271" events 

will be prirnarily due to coherent KL-1(8 regeneration and non-

coherent KLr'KS reeeneration at smaIl momentum transfer. He 

expect neutron induced K 's to be vetoed very efficiently by
S 

the front veto and our trigger requ.:trement. Additional v'eto 

counters may be placed around the target if we feel it neces

sary at the time. 



APPJ.::DIX C 

c that is practical with an internal target 

~s 7 ()' ~lr I·'.·e !'C;.S',..·,··','."'. 1.C)1l 1'oter"'" t··'lll' nr t·· 18 r J '-c ~t I (lO ('''\'.L, • It. _ U.,,' ~ .. i.e..).!.. 0 ~Ul, pc. pu ,d' 'l. I. "'

\",ith i.~ duty factor of 0.1. '1'1"1250 l1ti1llhm's nrc dcriv('d fron the 7':,\L 

Design Report, and are rc'gardcci .1[, hest estinates ra they thcln fixod 

+ ,
K and K production at the: same en(>q~ies ,mel angle~~. Falf the )it:u-

tral 1:;:0n flux survives as a he;1m of K • One. hal f of this flux c.an
L 

he a~·;stln,e.d to be lost in the gamfHC! ray attenuator prcc.ed the first 

col] j"\'-I1:or.-
He estip,ate the bE.'ar;l illtcm; by scaUng tbe FANe fluxes in 

ss ..J ~V+ (1969) by N(:Zl~icI: for prod iIeU on by 200 GeV protons to MJO 

GcV \lith tl,c Bcal fonnl.lla: 

d (20n,E~,o I) 
-.-~-.- --.....~.-. 

d 

., J:" , ) ... " I ,1 ,. 
C , ,- , '.,Th J S , 1 .l , ., , ;''1. 

" 
,-', ~_c' ;"; ~.. ['\ f , .- L ,.~.l .L'. " 



C·-2 

:i.ncreo Ie' ~prreciahly fro;n 200 to 4(Jn ereV. Such an assn::!ptjon should 

he safe. 

stpr, and a tlctc:cttcn efficiency of 75:::, He ohtain the fluxes and 

ev::.nts 51'.0\.'11 in Tal').c J. j\f;ail~, h'C nust con :icier tl:ese af) estiilJates 

rath,:'l' them fixed r:.unbers. The error "lJotcd 1:0,' (lv;)2Jp'?) is basE:,r] 

upon a tn of 5 metc'I:S (If liquj(l hy(lroer-~n t',nd a constant i:u~ymp-' 

tat:k cross secti.on diffcrenr.:e of 3 1:11,. The nu:nber of hours sllovm 

corresponcs to the sc11/::F1c of Append ix D. ('ie hope to provide a l'lOre 

c1et;:;iled presentat:LoTi of the exper:tmentcl pr.('c:i.sioG soon. 

-
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Let us assur:e wc d ctermJnQ th£~ K -> decay rate overHH~ 

given (60,n) decay volume: ia the follm:1ng cond it ions : 

1) hydrogen tar~~t full (density, d 1) 

2) hydrogen tArg0t ~npty Cd - 0) 

3) hydrogen Ulrf(·t at reduced density Cd 'v 1/5) 

The n,,,![l~>t1rei'lE'nt 3 is necessary f;ine(, the stanrt"rd target full--cr;pty 

c.(: effects 

bct\·,'0cnth(;: hydro['en of thE: t2rr:ct jn one case, and the' CP violet:1ng 

the enpty target in the other. 

Let us define a given point (x,)' ,z) r)f the dec",v vohm;c 

1); for d f :1, th" correspond 

plitude;] 

~ 

+ -I!: .+ 1"j:>I", "'I ',: J. l' ('" " -,I. / If';, T ) ~.~. " •• - "'~" "~ j 

\" 

'-----------------



I 
') 

(d; x,y,?) '\, d'· 

Q)
I 

d 

cI •.. 0 for an E'[:-Ill target 

d « ] for the 10\1 density nm. 

ThC'n: 

I 
COS (,!] [JJ 

Therefore ih.e c.on:ection for interfcrpp.cc f:ffoc.ts can be done by 

perforl'1:inp, the tar~ct ful1--target empty suhtraction at d .> to or Tn,)Te 

1
simply by extrapolating e)~pr.essjol1[l] to the UT'lit ~f -l' o. 

Tnte;:l" tint). the cl ecay rrcte over any arh decr'" volm:lO uith 

a dctc:ctiol: effic-lcncy E(x,y,z) one s' 

I (d) = Iv l(d; x,y,z) E(x,y,z) dV 

r -. I (f1) !1 ,;- -; /\ 1 
( l 1£ 

c· 

http:f:ffoc.ts
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uhere: 

A E(x,y,z) cos ~ dV 

is tah~n as a cnDmenQlof',j~n}_ pnrm;wter to he: determined empirically 

fram the l/d dependence nnd(lnill) is the avcrage regeneration ampli-· 

tude fr01l1 hydrogen aJone. 

-
< ." d'/).

Iii ci.:::a 

c 2. I 

d 

We note that this plot can he make at each position z w~ere the 

intensity is l!lCaSUn!d. The cxtrapoJ nted value I''i,l '2 should bE' inde

pendent of z, and of efficiency. 'J'he statistical error on I,.., 12
I "l[ 

becomes nc:;lible co:;;pClretl 'lith th" Cl' vjoli!ting ary'plitucl 

of 

10 I/. and pot bv the
" E 



SCliE!1LLE FOR EXPl,T.nn~[\1T PREPAP,ATION 

BCCi.lUSe of the un-ly suggested tim,r! of the experiJ:lEmt, it: is 

important to 1311m! th,: t \,'e can pJ-epArO the exper:im~:nt quickly. 

ostric.tive re.::.td out. Some exist and could evr:n he used for tlds 

experine.nt. 

HmJever ive believe that an NAL ('xperirlent deserves the superior 

I'lultif3park efficiency availahle Fith the COl:e read 011t: chr~,lll~)(~rB. 

HO\vever vIe have experilr.entfll numbel:s on the t:i.me to make tltlc:se CklEI

bers; \,Ie ",ilJ copy the 'CEIL'J d(:!sign. The genera] priorjty has heen 

discussed nnd approved by the llarvnrcl Cnivcl~s:i.ty l'igh I~ncrr;y l'hysicf; Cor:Fdt tel'. 

Septe",bel: 1970: Hodify CE;~~: dJ fi\-J:i np,s f01: 0111~ gPOnlE·try and 
wind inn machines 

Oetcl:er 1970: Bid on spilrk chn~~;ber fr;~n:c:s 

Kove;-;;ber, December 
1970 Contruc:t:iol1 of park ch<l!1!her fr;·,r:(:s 

Janual :11 1971 

http:Cnivcl~s:i.ty
http:experine.nt
http:re.::.td


F--'} 

lIpriJ 1970 

OctolHcr 1970 

Octoher 1970 

AprH 1971 

Nay 1971 

Electronic Read Out 

S('ptember 1970 

Octoher 1970 

February 1971 

June, July 1971 

PDP IS ordered (1(:'<;8 fllapnetic tape.) 


PDP 15 arrive; program writing and test of 

read out lJl~gins 

Order ma~netic tape drive 

Tape drivE'. arrives 

Final les tof 
( 

prop;ram 

i'fodify CE!\:i dn.lIdngs for core read out 

Order cores (assembled in frame) and read out 
modules 

First C(H'Co' aod modulC's arriVE:. Test \lith 
PDP 15 and Char-lh et s 

Final test 

Final test of syst~n 

etc. 

Filll 1970 Final decision on ·h·i<j'lt·~~ logic 
• J 

January 19/1 Draw up and order 

April 1971 All scintillaLion counters avnilable 

July 971 


