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We are very interested in the potential of the Main Injector for a 
variety of high precision, high sensitivity measurements with neutral 
kaons. From all that we know today. it appears that experiments with a 
KL branching ratio sensitivity of 10-10 per hour. even for a four body 
decay mode, are achievable. We are seriously evaluating the feasibility 
of such measurements. 

The advantages of using higher energy kaons and some of the 
physics objectives and possible beam and detector parameters were 
discussed in the appended document which concentrated on CP 
violation studies. The accessible physics includes the KL-+"Oe+e- decay 
mode, which, in the standard model. has a large contribution from 
"direct" CP violation. a very high sensitivity experiment on e'/e, 
measurements of the parameters 11 +-0 and 11 000 governing the size of CP 
violation in 3x decays, and studies of the interference between KL and 
Ks decays to xOe+e-. 

These studies would involve running in both a KL and a Ks beam 
configuration. After the enclosed document was written, the workshop 
on Physics at the Main Injector was held at Fermilab and the viability 
of such measurements was reaffmned. In addition, it looks as though 
high sensitivity studies of possible flavor violation (KL-+J1e) are also 
feasible. While probably not all of these measurements can be 
performed simultaneously, we believe that there will be a rather 
sophisticated "core" detector (including high rate drift chambers and 
TRD's and very high precision electromagnetic calorimetry) which will 
be common for most of the measurements. The very attractive feature 
at the Main Injector of year-round running means that more than one 
such topic could be addressed during each "run". 

There are other important physics issues which can also be 
addressed including studies of the xOJ1J1 and "OTt decay modes. Ke4 
decays, double-Dalitz decays, etc, and the sensitivity to these will be 
also be evaluated. 

It should be obvious that such measurements are highly challenging 
and to convince ourselves (and review committees) that such studies 
are feasible will require a great deal of work: rates are comparable to 
those at the sse and backgrounds to the "oe+e- mode need to be 
simulated and rejected at the 10-14 level so that the flux of high energy 
kaons at the Main Injector can be exploited. The experience gained 
with the current generation of experiments at the 10-10 to 10-11 level . 
will be most important. 
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We anticipate that a proposal could be submitted in 1990; formal 
approval in 1991 would then give three years for construction of the 
detector to be ready for physics in 1994 which we understand is the 
scheduled date for the turn-on of the Main Injector. We are happy 
with the recent endorsement of the Fermilab upgrade by HEP AP and 
we hope that it will be funded in such a way that the Main Injector will 
be operational for fixed target physics in a timely manner. 
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at VIOLA11ON IN mE KAON SYS11!M WI11I11IIJIIIMIIAB UJIOItAD8 


I.WI••tei. 

TIle Earico Penal Iud... ud Tbe Ualftl'li1J of ClUcqo 


••d 

OJ.loct and R.CoIemaa 


Per.nab 


We briefly review dae .tatu of exped.............. .., rue 
processes and CP DODCOUe"ation iD the boa IYI'" ud diIcau the 
prospects for improve...... at current facilitiea. We '1I'eII alae role of 
the DeW MaiD Injector at Permilab IS- a source of ~.. eaeru boa. 
which will Dot be IUlpUsed in intensity by ..y pJlDNCI faciHty. 
Experiments with a branchinl ratio sensitivity of 10" to per .our 
appear possible. 

a.JRRENTSTAros 

The best experimeau seuchinl for IeptoD Oay. rioladoa iD bon 
decays are pesently bciaa done at BNL. TIrae iDcbade die modes 
IC.L-tlle(l) aDd K+-t&+p.e(2) where the limits ale .. bet... 10--' 
and 10"10 • Another ezperimeDl at BNL just ....., aderwa, lilia, 
slOpped boDs is sblClyial the mode 1C.+-ta++-.o*ia,-(3) IIId dial 
effort will very likely sach the ,oat of 10'10 ia seasitiYity wIaere 
there is a load chance 01 seein, a sipal. 

In the mea of a ~ apia aD apaimeal at BNL ... 
the best limit 011 the size of the IraDSvene poIariza1iaD of dle muon 
in KJl3 dccays(4). Yuh tapeCt to ItDdies of .,'Ic. 1M 8'731(5) 
experiment at Fenoilab Us the ....est DUIDber of XL-t2aO decays . 
(over lOOK) with the smallest bactlfOUDCl trc. 3aO cIecays (lea tban 
0.5.,). The best limit on the panmeter 11+-0 apia COIIIeI fiom aD 

experimeDt<6) at Fermilab as does that for the IIIOde XL-taOe+e-<.5> 
which has received a peat deal of aueatioaC'l) feeeady. 

A cooclusioD that ODe could draw from the above dilCllaiCMa is daat, 
in spite of the mach reduced proton flax at die Palllilab TeYaIrOD. 
for those modes with &G-. in the final .tate. die ~per ..., fldlity 
bas the adYanta,e. nil we believe to be die cae as we wiD upe 
below. 
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PROSPECI'S fOR IMPROVEMENT 

We discu.s llele litely improyemeall. primarily ia die UperilDe1ats 
addreasiD, CP DODConaenadOD. tile IeptoD flavor YioIadOll 
experiments wiD DO doubt be improved at BNL wi1ll dae ,JIDJIecI 
uparactea of that lab. It is clear dlat ellperimeall wida .toppIn, boas 
will also beDefit from increased iateDsity as daey appear to be 
preseDdy limited by a lack of flu. Panher improy..atl ia dda 
area are likely with a -DoD factory- IS bu beeD p-oposecI ia CuMa. 

no Dext ,eaeratioD experimeDt<I) studyiDl the 2a decays 01 die 
neuttal nOD is likely to require lOS ICL.... 2.0 eveDts: .ucIa a sample 
would permit a measuremeot of e'le with a statistical precilioa of 
better than 1()-4 wbere the Studard Model would be defiaidve ia its 
DOD-zerO prediction. EveD pattiDl aside systematic effects for the 
momeDt, sacb a level of statistics would be very difficult to coUect at 
tbe TevatroD. 

Cosely coupled with the issue of a DOlI-zero e'le is the size 01 die 
braacbiDg ratio for KL .....Oe+e- which very likely has a .Ie 
cODttibution in lowest order that is -direct- CP violltioD(7). At BNL(9). 
KEK(10). and FNAL{ll) there lie proposals to search f. Ibis mode 
with sensitivities in the ranle 'of 10-10 to 10-11• While Ibis represents 
a sipificant advance over the present limit whicb is iD die 10-1 

tange,. unless there are some surprises.. sacb a seasilivity· wiD 1ibly 
not be enougb to definitively make an observatiOD: the StaNard 
Model predictions(7) ,enerally fall in abe range of I few times 1&12 
to a few times 1&11. 

We believe that in the future Ibe best place to perform these 
experiments will be at the Dew Main Injector<l2) which has beea 
proposed at Fermilab as a -.i« part of Ibe upgrade of that 
laboratory in the aext dticade. 

nm MAIN1NJECfOR 

While this has been proposed in _,e measure to aipificantly 
increase the luminosity for the FNAL collidei' experimeall, f. oar 
purposes we are cOncerned with its use IS I source of hi" eaeru. 
bigh intensity extracted protons for kaon prodactiOll. 

The parameters of the extraded protoDS are the followiD,: 
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eDer,y J20 Oev 
iDtensity 
spm lea,th 

3.0x1013 

I.' sec 
repetition time 3.8 sec 
duty cycle 5K 
microstructure debuached 

An imponant factor is the ability of abe lajector to provide 
extracted beam year·round, duriag bom fixed laraet and collider 
operations. 

The available proton flux would be about 100 times that at die 
Tevatron and the new facility would be operating in the mid· 1990's. 

In the next sections, we describe the possible use of this facility for 
neutral beam experiments addressing me issue of CP 
nonconservalion. The kaon flux in the enerlY region E>IS OeV which 
is useful for the experiments under consideration will sipificandy 
exceed that at other facililies. 

nm NEUTRAL BEAM 

In the figure, we show a model neutral beam and detector 
configuralion which could address CP nonconservation with very 
great sensitivity. 

First, 25m of magnetized collimation are used as a dump for the 
cbarged secondaries and non-interacting primary protODS. 
Calculations indicate that this will reduce the flax of muODS through 
the detector to well below the rate from the bOD decays themselves. 
The solid angle is chosen to be only 36,,511' resulting in a relatively 
small beam hole (3Scrn x 3Scm) at the end of the detector, SSm from 
the targeL The decay region is 20m in leBgth. The targetiag ugle is 
20mr thereby reducing the neutron flax by a factor of 40 compared 
to (1). The neutton (and non-decayiDg bon) beam is 1raDsponed 
through the detector in vacuum. 

The instantaneous rates(13) in the beam are the foRowing: 

kaons 2.2xl09Hz 
neutrons 1.9xl09 Hz 

bon decays (total) l.3xl()8 Hz 
bon decays (IS GeV<E<SO GeV) 3.3xl0'Hz 
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The model detector sbowa in the filure is coafiamed 10 aye hip 
acceptuce for bon decays with enerlY peater ..... 15 OeV. It bu I 
cross-sectioaal area of 3m II 3m IDd cOllsisu of hi" preciliOll drift 
chambers. In electroma,Detic Ind hadronic calorimeter, TRD 
modules, and a -y shield- covering the entire decay reatOll and 
detector to detect y's emitted backwards in the ceDter--of-mass 
system. 

The accepWlce of this detector is bigh: 16~ for the .Oe+e- mode 
with the requirement of 1 Ge V minimum photon eaeraY. nus the 
sensitivity of such an experiment will be about 10-10 per hour of 
running. This should be compared to the cumndy beat luaioed 
limit(1) (for a two--body mode) of about 10-10 per experimeDL 

We point out that the above design is conservative in that there is 
a great deal more flux available were one to use a beam of pealer 
solid angle and/or equip the beam region with detectors to increase 
the acceptance. Thus, should detector advances permit. there is the 
potential for measurements of even greater sensitivity although the 
relatively modest configuration is already quite an advance and 
appears adequate to address the physics. 

We do not want to underestimate the cODsiderable difficulties in 
performing such high sensitivity measurements. ne rates in the 
detector are very bigh: there are 1.4 tracks per "bon decay in the 
decay region which traverse the f"mt chamber. 1bis thon implies that 
the singles rates in that chamber will be 1.6xJOI Hz. nus the 
conditions are not unlike the envirooment at dle sse althouah of 
course the multiplicity is greatly reduced. The wire pitch will need to 
be on the order of 3mm; in such a case, the rate on the houest wire 
would be 6.6x lOS Hz. The electromagnetic calorimeter would consist 
of perhaps 20.000 cells of high resolution. radiatiOll-1Iard material. 
Triggering and data acquisition pose significant chaDea,es. Much 
work in the simulation and study of possible backgroaads is needed. 

Even so.. we believe that the advantages of the bighor eaergy range 
are most significant and lead to the conclusion that such experiments 
are best done using the exttacted beam at the Main Injector. 

WHY IDGHFR. ENERGY? 

Similar fluxes could be found at a -bon factory- were one to 
reduce the energy range of the beam. In this section wo detail the 
advantages of using higher energy Dons made from high CIlerD 
protons for the CP DODcoDservation studies discussed above. nose 
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involve abe rejection of bactarouDds. the opdmizadOli of acceptance. 
and panicle identification. nese considentioas ue _,el, based 
upon our experience with E731. 

I.Electromalnetic eDer,y resolution 

Perhaps most imporllllt is the tHE term ill the eDerlY resolution 
of electromagnetic calorimeten. Resolution is at a Bemiam in such 
experiments as there are many backarounds which CID be 
discriminated against primarily by means of .ood resolutiOD.. This is 
particularly true as die intensity increases ad dominat 
backgrounds result from accidental overlapping of in-lime and out
of-time decays. 

2.Rejection of backward gammas 

Both for detection of the .0.0 and the .Oe+e- decay modes. there 
are significant backgrounds with extra soft photons. In the former 
case, there is the dominant .0,,0,,0 mode while in the latter case, 
Daliu decays . with missing photons are important. nese eXira 
photons are simply boosted to a higher energy in the laboratory 
making their detection easier. The ability to efficiently reject such 
events has been a key factor in the low background levels ill both 
,,0.0 and .Oe+e- obtained by the E731 experimenL 

3.Fixed thresholds 

Kaon production obeys approximate seaJing (the x depeadeuce is 
roughly proponional to (l-x)3) so that the same rates are iD 
principle available at a lower enerlY machine if ODe simply ~es 
the energies. However, there are imponant features of the detector 
which do not scale and ODe of these is the threshold in aa 
electromagnetic detector. The model configuration discassed above 
DseS a 1 GeV threshold and, in practice in Don experiments, a 
threshold in this range has been DSed no matter wbat the beam 
energy. This is because there is a significant rate of effectively 
minimum ionizing • showers- in the electromagnetic calorimeter and 
the effective energy of these ·showers- is roughly 1/2 GeV. The 1 
Ge V threshold is chosen to effectively discriminate apinst Ibis 
background. 
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•• The beam dump 

Another factor which does DOt scale with eaeray is dae required 
thickness of the beam dump. Radronic showen pow Joauithmically 
rather thaD linearly with ener,), so that experimeDU CID be Iitaa1ed 
relatively closer to the tar,et at the hiaher enerl)' facility aad Ibis 
results in a beam with the same raaae of Pr havill, a smaller dead 
reaion (due to the beam hole) in the detector. Thus 1M acceptlDCe 
will be areater. As we meation below, this feature .tes dae study 
of Ks decays easier IS well. 

S.Particle identification 

At higher energy, one has much better "Ie separation in the 
calorimeter and this is important in rejectina, for eumple, radiative 
K e 3 decays with an accidental overlapping photon. ID addition, maher 
energy secondaries permit the use of multiple stages of nn's giving 
added _Ie separation. 

Finally we point out the advantages in havillg a hip acceptance 
detector. Obviously this is desirable to achieve maximum sensitivity. 
However, there is another more important advantage. TIle hiaher the 
acceptance the greater the ability to observe with die detector that 
an accidental overlap did indeed occur: the accidenlll events ue 
themselves kaon decays and it is clear that high acceptance helps 
greatly in identifying the presence of an additional decay in the 
event. 

There is a useful figure of merit which can be employed to 
compare different configurations. This is the ratio of tile wacceptable 
flux· to the singles rate in the detector, where waccepllble fluwis 
defined to be the decay rate in the energy region of interest times 
the acceptance in that energy region. For the model coafipratioa 
discussed above, that figure is 3.4CJJ which is considerably pater 
than for any of the current experiments. 

KsPHYSICS 

Finally we would like to point out that although die model 
configuration above concentrated upon the CP nolatill. ItL decays, 
there are considerable advantages at higher energy fex Its decays as 
well. This results primarily from the fact that one can be situlted 
relatively closer to the target. This opens up another realm of physics 
including CP violation in 3_ decays (11+-0 and 11000) aDd other rare Ks 
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decays, iacJudin, .Oe+e-. It may in flCt be aeceaIUJ to Itady the 
interference between KS and KL clecays 10 .Oe+e- 10 _tabUs. • 
-direct- CP violalin, etrecL 

SUMMARY 

We have pointed out the considerable .v.tales of the ase of 
high energy bODS for studies of CP DODCODSeIVadOli. We do not claim 
to have proved that one caa reach seasitivides of the order of 10-13 

per 1000 hour experiment. only that the nu is there at Iliab enerlY 
where one has the best opportunity. A factor of 100 increase ill nux 
at the Tevatron would perhaps be the most desirable sceDUio for the 
experiments that we are considering here: given the impossibility of 
this option. we rind thai the Main Injector is considerably more 
appealing than a 30 GeV -bon factory-. Sach a facility would have a 
greater proton flux than at the Main Injector; however, we have 
argued that for the same sensitivity, if one chooses 10 operate in the 
same beam energy range (E>IS GeV), the sinales rates would be a 
great deal higher (from all the lower energy decays) while if a scaled 
energy range is chosen.. there would be more serious difficulties with 
resolution.. particle identification and low energy bactgrouDds. 

nere will be a workshop at Fermilab in the Sprial of 1989 on the 
subject of Physics with the Upgrade. At the workshop, there will be 
studies in the following areas for bOD physics: . 

1. High resolution.. radiation resistaDt calorimetry 
2. Drift chambers in a lOS Hz eDviroDDlent 
3. The "y shield
4. TRD's for bon decays 
S. Triggering 
6. Data acquisitioD 
7. KL and Ks beam design 
8. Charged beam design and experiments 
9. Background simulation 
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Model neutral kaon apparatus using the Main Injector 
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1. BNL E791: UCLA. Los Alamos. Penn. Irvine, SlUfoni. Temple. 
William and Mary, Texas collaboration. Contributioa to the Municb 
conference. 
2. BNL E777: BNL, SIN, WasbinllOD, Yale collaboradCli. 
Contribution to the Municb conference. 
3. BNL E787: B~ Princeton, Triumf coUaboratioa 
4. S.R_ Blatt eL aI., Pbys. Rev. D27, 1056(1983) 
s. FNAL E731: CbicaIO, Elmhurst, FermiJab, Princetoa. Saclay 
collaboration. M. Woods eL al., Phys. Rev. Lett. 60. 1695(1988); L.K. 
Gibbons eL aI., Pbys. Rev. Lett. 61, 2661(1988). G.D. BIIr et. aI., Phys. 
Lett. B214(1988) 303 [CERN NA31 Iroup) have an eqaaUy lood Omit 
on KL-+ aGe+e· with, however, more backaround. 
6. FNAL E621: Michilan, Minnesota, Rutlers collabcntioo. See the 
letter of intent from this group to Fermilab for an apsrade, June 
1988, for the latest result. 
7. See Dib, Dunietz, and Gilman, SLAC·PUB-4762 and Flynn and 
Randall, UCB-PTH-88-29 and references therein for very recent work 
on this mode. 
8. Such an experiment would be necessary should E731 and NA31 
disagree significantly. Even in the case of consisteiacy. eventually £'/£ 
should be better measured as the theory becomes more refined and 
other KM parameters (as well as the top quark mass) are better 
determined. 
9. BNI... E·84S: BNL, Yale collaboration. 
10. KEK E-l64: Kyoto, KEK collaboration. 
II. FNAL P799: Chicago, Elmhurst, Fermilab, Princetoa collaboration. 
12. FNAL proposaI to be submitted to DOE, January 1989. 
13. The rate for nons is calculated using the empirical formula for 
meson production of AJ. Malensek.. Fermilab FN-341(1981). The 
neutron flux is calculated· based upon the data of R. T. Edwards et. al., 
Phys. Rev. DI8(1978) 76. Losses due to a radiator to couvert photons 
[3" Pb) and a moderator to increase the kaon to neutnm ratio [1S" Be) 
are included. Both are in reasonable agreement with tile fluxes 
determined in the Fermilab experiments. 
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