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ABSTRACI' 

The possibility of doing a search for :r<; ... JJ+JJ- in the neutral 

hyperon beam is explored. I t is found that the spectrometer to be 

used on the beam survey can be used to search down to the level of 

10-9 to 10-10, comparable to the present lindt on Ki, ... JJ\'•• 
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(90% confidence). 3 1he theoretical lower bomd would have corresponded to 

ten events, where one possible candidate was detected. This discrepancy 

is fairly serious if the experinmt is correct and has generated a great deal 

of interest :in the 1(0 .... 21.1 problem. In the K; rode, the published upper limit 

is 

+ - 4 
r(Xs "" 1.11.1) < 7 x 10-6. 

r(Ks .... all) 
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A reliable lower bound ratio relating Ks + 2p and Ks + yy is not possible 

because of unknown contributions fran t.lte large 211' intermediate state, which 

is of course suppressed in the KL case. 

A relation between XL + 2Jl and Ks + 2p can be obtained, however, if it is 

assuned that the discrepancy between theoretical and experimental bounds is 

due to a cancellation of the ~ + 2y + 2p amplitude by a CP violating Kl 

amplitude. This question has been investigated by Olrist and leeS, who find 

provided that the CP violating contribution is responsible for decreasing the 

theoretical lower bound. Very roughly, the argument stems fran writing 

KL =~ + e:K!, Ks "" ~ + eK2, where e: ~ 2 x 10.3• and estimating Kl + II+II • 

by saying 

r(Kl + ll+ll-) ~ e:-2 r(~ + ll+ll-). 

Using the lower bound for r(Xz + II+ll-) and the Ks and I<L lifetimes then leads to 

+ ­r(Ks + P II ) -6 
-----~10 
r(K + all)s 

I f the rate is in fact this high, then the decay JOOde should be obseIVed by 

experiments now in progress. If it is below the limits quoted earlier, then 

the discrepancy in the KL decay cannot be explained by CP violation, but the 

Ks + II+II- rate remains an interesting nunber. For this reason the ability of 

the apparatus designed for the neutral hyperon beam (which is also a Ks beam) 

to detect this rare DDde was studied using Ivk:tnte-Carlo tedmiques. The results 

of this study are presented below. 

Experimental Layout and Trigger Criteria 

The layout is shown in Fig. 1. The spectrometer is exactly the same as 
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that employed in the beam survey; the only change required is to reJOOVe the 

photon co1.llter and replace it with the "hadron veto" wall, a few days' operation. 

The spectrometer will have an average geometric efficiency of about 60t 

for detecting the ~ + II+ll- roode. This efficiency drops essentially to zero 

below 30 ~V. The mean energy of ~ decays observed should be about 90 GeV. 

They represent st of the total K , r nux: into the beam solid angle. With 
o 0 

1 1/2 11ID. wire spacing in the proportional chambers, this spectrometer gives a 

mass resolution at the r mass of 11 MeV (fwbm). The decay zone and all of the 

region up to the magnet are in YaCUl.lll; the remainder of the spectrometer is in 

helitml. 

Olarged pion decays in flight set a lower limit to the trigger rate in this 

experinent. A 40 ~V pion. has a probability of 1% of decaying somewhere in the 

apparatus. The key to the trigger logic is the "hadron veto", which is 

designed to distinguish muons from hadrons to at least the level of efficiency 

corresponding to the irreducible triggers from decays in flight. Hadrons of 

the highest energies observed in this experiment produce extrenely penetrating 

cascades: A shower comter, at the optiDun depth in the iron, is used to 

detect the cascade and suppress the high energy hadrons. The design is based 

on data from the Echo Lake calOrimeter, and is discussed in Appendix B. 

By the tinE they reach the hadron veto, the positive and negative decay 

products are well separated. Thus, a muon signal am be demanded fl'Oll both 

left and right halves of the hadron veto. In addition, hard-wired logic on 

the proportional chaIIi>ers is used to suppress triggers from neutron interactions. 

Event Rates, TriSger Rates t and ~ Time 

ExperineJ.tal planning has been based on an asSURed sample of 1010 detectable 

K; decays. With the configuration shown, we have estimated the number of triggers 

... _~_I, __ 
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in an experiment of that size to be of the order of 5 x 106• The sources of 


these triggers are st.llllBrized in the table below. 


Millions of triggers due to: 
1\1/ -. , detectable 

'n' decays 11' decay 2 vetoEvent 
10 
 in flight + veto failure failuresper 10 ~ 

9
+ • .6 .2 .1
II K; .... nn 
 6 x 10


± ­ 4 x 107 
 .3 
"IKi, .... 'If ).1+" 
,

1 x 1011 
 1.6 0.1IA .... prr­

6 x 109
, Neutron interactions 1.0 0.8 0.2 
T 

(first chmnber) 

r 

TOTAL 1.9 2.6 0.4 


GRAND row., '\r 5 x 106 triggers 


Using the FANe K+ 8Ni X- production <:Ul'Ves from the NAt. 1969 Sumner Study, 


the JK)st pessimistic as to J( production. and a beam solid angle of 1.3 x 10-6 


steradians, we estiate that 7 JC 1014 protons CIl target are required for an 


experiment of this si~e. 1£ the design flux of 1010 protons/pulse is achieved 


in the diffracted beam, and asstllling 104 useful pulses per day, this experiment 


requires a week of actual data taking. If the intensity is loWer, of course, 


a longer nm would be necessary. If the fl1iix is below 2 x 109 , the experiment 


can be held at 5 weeks and a smaller sample taken, unless physics interest at 


that tine justifies a larger search. 


These flux: estimates are based on forward production. Though the overall 

KIn ratio improves as one goes to larger production angles, we detect primarily 
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the portion of the K spectrum above SO GeV. This actually drops mre rapidly 

than neutron production. 'DlUs, forward production is probably optiDun. 

Backgrounds 

+ * 
The major source of bac.kgTOund in this experiment is the !lOde ~ -+- 1T 1T 

with both pions decaying in flight in the apparatus. Neutron interactions 

are eliminated entirely by insisting the event occurs well into the vaarum 

chauber. For any that survive this test, there are a variety of others 

(notably target-pointing) that will also serve. Xi. + ,..\,'v are also eliminated 

handily, mainly by a cutoff CIl the visible energy. A + prr- do not give masses 

in the K mass region. 

Fig. 2 shows the results of a t.bnte-Carlo si.Dlllation of the experiment. 

Note that the baclcpol81d lies entirely below the (0 mass. This feature is 

a benefit of the high bending power used in this spectrometer, and is explained 

in rore detail in Appendix A. The ~te*Carlo program took into accolUlt 

multiple scattering (including the detailed structure of the chambers) and 

misalignment (assumed to be 0.1 DIll.). Unless this estimate is lUldu1y 

optimistic, it indicates that the experiment is capable of detecting a 

branching ratio as low as 10-9 • If the mode is not observed, the upper limit 

should be about as good as the results of reference 3 for the Ki. mde. 

No event quality criteria have been imposed on these siatlated events. 

As JOOst of the events came :fran "'*lJ decays in or after the magnet, the best 

tests (target-pointing and vertex intersection) belp very little. However, 

most of the high mass events come frcIIl the high energy tail of the r spectrum; 

an energy cut at 140 GeV would eliminate over half of them, while sacrificing 

only about 5% of "real" events. 
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Appendix A - Effect of 'If-11 Dec!y on Mass ~asurement 

Although our spectrometer has somewhat poorer mass resolution than 

that employed in lower-energy versions of this experiment, by using a hiP 

magnetic bend it eliminates same of the difficulties with 'If decays in flight. 

This can be seen by examining the expression for effective mass in the high 

energy limit (p » m, 6 « 1) 

. p p
ti- • P P 62 • ~ (1 + 2) + ~ (1 + 1)I 2 --1. Pi ---~ Pi 

where 6 is the cpening angle between '1 and '2' 
The relative size of the tetDS depends solely on the c.m. dec!y angle. 

For K1T2 t the last two tetDS contribute at least .078 Gav2, in a 900 c.m. decay. 

At any other angle these teDRS are larger. If the event is interpreted as a 

two-l1 decay, substitution of ~ for m'lf drops this tem by at least .034 Gev2, 
a drop in mass of 40 MeV. Substantial errors in DDJDellta and angles are required 

to get it back up in the r mass region. 

The 'If-lJ decay introduces tMJ kinds of errors 

(1) The momentum. of the lJ is lower than that of the 'If. 

(2) The DIL10Il is giYen an angular t'kick". 

These errors are correlated in a most fortunate way. As the reader may 

verify for himself by expressing the first term in terms of c.m. decay angles 

of the two pions, a decay that occurs before the magnet ordinarily reduces 

this term, and never increases it sufficiently to get back to the K mass region. 

M:>re dangerous is a decay in or shortly after the magnet, which gives a 

false momentum. reading. In the popular parallel-fOOlS decay spectraneters, the 

transverse JOOJDentum introduced by the magnet is equal to the decay product 

IOOmentum in the K center of mass - thus, a 1T-ll decay can lead to a false momentum. 

....- ...~.---------- ---_._----­
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reacting as high as llP/p = 29.6/235 =- .12. Two decays both in the direction 

to give high DDDentun values can lift the mass back into the K mass region. 

In our spect1'OJDeter, with a 1 GeV magnet transveTSe nonentum, this kick can 

give at JOOst a 3' enor. In the most unfavorable situation, this raises 

the effective mass to .469 - still 6 standard deviations from the K peak. 

Appendix B - Hadron Veto Desis!! 

1be hadron veto wall consists of 12 slabs of iron, each 120" x 21" x 8", 

stacked to a total thickness of 96". It contains tw eauplete planes of 

scintillation. counters, one behind the entire wall and one behind 'the third 

layer. A ''muon'' signal consists of a coincideru::e ~ the 1:WO layers, 

plus the requirement that the signal in the first layer be below a preset 

threshold, to eliminate high energy hadrons by detecting the cascade they 

produce. 

To predict the ability of such a device, to reject hadrons, one DUSt 

know two factors 

(1) 	 the probability that a hadronic shower will penetrate deep enough 

to give a count in the back counter ("punch-through") 

(2) 	 the probability that the shower will give a signal below the 

threshold of the front CO\Ulter ("mis-fire") 

Data to estimate factor (2) was obtained experimentally, from data tapes 

from the Echo Lake Cosmic Ray calorimeter, kindly lent by Dr. John Learned. 

This device consisted of 1200 'lJDIan2 of iron, with scintillation counters 

at ten depths. It was used to observe hadronic showers in the range 70 to 

600 GeV. The data shows that the shower reaches its ma:x::i.nun developnent at 

a depth of 350 to 450 g/an2 this position varying slowly with energy J andJ 

the 	signal at this point is about one equivalent minimlm1 ionizing track per 
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GeV incident energy. We set a threshold of 10 equivalent tracks. After 

subtracting an energy-independent effect, the probability that the meaning 

hadron penetrates to the level of the counter without having its first 
7

interaction, we found the remaining fino-fire" probability scaled as E-' • 

Though the reliability of extrapolating fotmula below 70 GeV is questionable, 

it is only in the higher energy region that the count rate in the back 

counter becomes high enough to make the shaNer counter essential. The 

extrapolated probability of shower counter ''misfire'' is the top curve on 

Fig. 3. 

To determine punch through probabilities, the Echo Lake shower development 

curves were extrapolated fran their maxi.unIn depth (about 1200 g/an2 of iron) 

to our depth of 1900. The reliability of this extrapolation is questionable, 

but it agrees fairly well with the Itmte-Carlo results of M. Awschalom at 

NAL. At great depths of iron, a point is ultimately reached where the tail 

of the cascade is dominated by fast 1II1ODS, which range out slowly; this is 

why simply making the wall thicker is not the best way to obtain a 1% filter. 

To estimate this contribution, we noted that fast pions exist mainly in the 

region near the peak of the cascade. Their maber is nearly proportional 

to primary energy, and thus their mean energy remains at about 2 to .3 GeV, 

changing slowly with primary energy. Decay DIJOI1S fran these pions have 

ranges comparable to the thiclcness of the remainder of the wall. NuDerically , 

this crude rodel gives a fast muon contribution of 2 x 10-4 E , which is added 
o 

to the extrapolated. calo~ter aarves. 

The results are shown in Fig • .3. The high miss rate above 120 GeV could 

prove quite annoying, as there are many protons fran A decay in this energy 

region. To suppress this further, further calorimeter layers can be used. 

A single cmmter 12 inches wide near the beam axis will intercept mst of 
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the shower fran hadnm.s above 60 GeV..- n. efiect of me such counter at a 

depth of 800 g/Oft! was included in theestimte of trigger rates. 

'these estilDtes of efficienq do not take into account correlations, 

which IIIJSt certainly exist; for -.le. a lat&-starting cascade is also 

JIOI'e likely to punch through. 'Ihus, one can expect the performance of this 

device to be worse than these calculationsiJbply. 

Finally, the $howe!' counters will occasionally register an electranagnetic 

cascade trigget'eCi by a DlItb. Ptocesses that amtribute to this include 

Bremsstrahlung, 'knock-ODS, and direct pair production. Examining the usual 

Bhabba-Heitler sJu:liNer theory, only showers of greater than about 1 GeV 

generate enough electl'OJ'lS to trigger the shower CO\Ilt.er. An expression was 

obtained for the distance over which the shower exceeds 10 electroos, as a 

function of incident eJlel'gy, and integrated over the cross sections for 

these pnx:essesgiven in Rossi. Hip Ene1Jl Particles. The results are 

st.D1a1'ized in the table below. Averaaed over the entire spectlUll, losses 

should be ~t less than 1t. eoapa1'8ble to those fran chamber inefficiencies. 

LOSS RATE OF MDMS WE 10 EL'BC1'Rtl4AGNETIC 


CASCA1ES INIU:BD IN 9DBR OOUNI'.BR 


E 
l.l 

10 

30 

60 

100 

Bremsst1'8blung Pail" Ptocl. KJ1Ock-ons Total 

3.9 x 10-4 

1.2 x 10-3 

1.9 x 10-3 

2.7 x 10-3 

1.8 x 10-5 

5.9 x 10-4 

4.8 x 10-3 

2.2 x 10.2 

1.1 x 10-4 

2.9 x 10-4 

3.2 x 10-4 

3.6 x 10-4 

6 x 10-4 

2.1 x 10-3 

6.0 x 10-3 

2.S x 10-2 

http:OOUNI'.BR
http:CO\Ilt.er
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