DRAFT 4.3 7/19/95 12:43 PM page 1C K M d s b uct

Charged Kaons at the M ain-InjectorAn Experiment to Observe K+fi p+nn_Peter S. Cooper, Robert S. TschirhartFermi National Accelerator LaboratoryDecember 31, 1994IntroductionA measurement of the rate of the rare kaon decay K+fi p+nn_ constitutes a directmeasurement of the magnitude of the Vtd matrix element in the CKM matrix. Such ameasurement with sufficient statistics to be limited by theoretical uncertainties would,by itself, put significant constraints on the remaining unknown parameters of thestandard model. In combination with another independent measurement of the unknownCKM parameters r and h both the real and imaginary parts of Vtd would be determined towithin quadratic ambiguities. This would conclusively resolve whether some, all ornone of the CP violation observed in the neutral kaon system is the result of the standardmodel.The goal here is to describe and experiment to observe ~100 K+fi p+nn_ decaysassuming a 1 x 10-10 branching ratio which can be done today with existing detectortechnology.TheoryThe branching ratio for the K+fi p+nn_ decay was first calculated by Inami andLim 1 as an isospin rotation from Ke3 (K+fi p0e+n ) decay. The result of thatcalculation for each light neutrino type is:

DRAFT 4.3 7/19/95 12:43 PM page 2 B(K+fi p+nlnl)B(K+fip0e+n)

= a28p2sin4qw

˚ V *csV ˚c d ˚ D ( X c ˚ ) ˚ ˚ + ˚ V *t s V ˚t d ˚ D ( X t˚) ˚

2 1˚ | ˚ V ˚us˚|2

(1) D(X) = 18

� �1 ˚ ˚ + ˚ ˚ 3(1-X) 2

˚ ˚ - ˚ ˚ ( 4 - X ) 2(1-X)2

˚ X ln(X) + X4

- ˚ 3 X ˚ 4 ( 1 - X ) ˚

(2) Xj = Ł� ł�mj˚m W ˚

2 j = c, t (3)Ellis and Hagelin 2 evaluated the QCD corrections for this decay. These corrections are,in their words, "...numerically significant, relatively free of theoretical ambiguities,and constitute the most important class of radiative corrections to this process." UnlikeCP violating measurements in the neutral kaon or B systems there is no theoreticaluncertainity introduced by the structure of the initial hadron. More carefully said, thestructure of the kaon factors out of this calculation since the ratio of two kaon decayamplitudes is calculated. The structure of the kaon is put in with the measured Ke3branching ratio. Rein and Sehgal 3 have evaluated the long distance contribution to theK+fi p+nn_ decay amplitude and find that these terms contribute 0.7x10-13 to thebranching ratio. This is less than 1% of the lowest value predicted by the standardmodel. We will ignore the QCD and other corrections here for reasons of clarity. It isstraight forward to include them. Rein and Sehgal 3 also noted that since the calculationis done by analogy to that for the K+fi p0e+n decay mode the distributions for the twomodes should be identical. Particularly the Dalitz plot projection of the missing neutralmass squared (M2nn) should be identical to the M2e+n distribution in K+fi p0e+n decays.This is an important test of the validity of the calculation.The Wolfenstein parameterization of the Cabibbo Kobayashi Maskawa (CKM)matrix 4 is: Vjk = 1 - l 22 lA l 3 (r -ih )- l1 - l 22

Al2A l 3 ( 1 - r -ih )-Al21 (4)

DRAFT 4.3 7/19/95 12:43 PM page 3where l = 0.2205(18)5 is the usual Cabibbo angle and A=0.82(10)5. Using theseforms for the CKM matrix elements in equation (1) gives the following form for theK+fi p+nn_ amplitude in terms of measurable and known quantities: 4psin2qw�‘6a

ºŒØ ßœøB(K+fip+nn)B(K+fip0e+n)

12 = ºØ ßø(1 - l 22

) D ( X c ) ˚ + ˚ A 2 l 4 ( 1 - r -ih ) D ( X t) (5)Using present values for the parameters of equation (5) and the charmed and top quarkmasses; 1.3 (3)[GeV]5 and 174(16) [GeV]5 respectively, in order to evaluate the Dfunctions gives: B(K+fi p+nn) = (0.31x 10-10)[]( 1 . 3 0 - r ) 2 ˚ + ˚ h 2 (6)A measurement of B(K+fip+nn) defines an annulus in the (r,h) plane centered about thepoint (r,h)=(1.30, 0). The shift of the center from r=1 is due to the contribution of thecharmed quark to the decay (the first term on the right hand side of equation (5)). IfB(K+fip+nn) is measured to 10% then the radius of the annulus is statisticallydetermined to 5%.

Rho - Eta Plane 0 . 0 0 0 . 1 0 0 . 2 0 0 . 3 0 0 . 4 0 0 . 5 0 - 0 . 5 0 - 0 . 3 0 - 0 . 1 0 0 . 1 0 0 . 3 0 0 . 5 0 0 . 7 0 0 . 9 0 1 . 1 0 1 . 3 0 1 . 5 0

0 . 0 5

0 . 2 0 . 1 9

0 . 40 . 81 . 0 S2S1

Br [x10-10]This result is shown graphically on the (r,h) plane in the figure above. The two pointson the figure are the two possible standard model allowed solutions from Gerard’s recent

DRAFT 4.3 7/19/95 12:43 PM page 4review 6. These two solutions correspond to B(K+fip+nn) values of 0.91x10-10 and0.34x10-10 respectively. The variation of the branching ratio with the top and charmedquark masses for these two solutions is shown in the following two figures.

Branching Ratio vs Top Mass Top Mass [GeV]

B r [ x 1 0 * * - 1 0 ] 0 . 0 0 . 2 0 . 4 0 . 6 0 . 8 1 . 0 1 . 2 1 . 4 1 . 6 1 0 0 1 2 0 1 4 0 1 6 0 1 8 0 2 0 0 2 2 0 Solution 1 Solution 2

Branching Ratio vs Charm Mass Charmed Quark Mass [GeV]

B r [ x 1 0 * * - 1 0 ] 0 . 0 0 0 . 2 0 0 . 4 0 0 . 6 0 0 . 8 0 1 . 0 0 1 . 2 0 1 . 4 0 0 . 7 0 . 8 0 . 9 1 . 0 1 . 1 1 . 2 1 . 3 1 . 4 1 . 5 1 . 6 1 . 7 1 . 8 1 . 9 Solution 1Solution 2

Gerard’s two solutions (reproduced from 6 in the figure below) have significantuncertainties both in the underlying experimental measurements and the theory. Thechoice of solution 1 or 2 is determined by the unknown and, so far, incalculableparameter fB. If fB was known exactly the experimental uncertainties from Gerard’splots are of order 0.1 in both r and h. As we show below, this experiment will measure r

DRAFT 4.3 7/19/95 12:43 PM page 5

DRAFT 4.3 7/19/95 12:43 PM page 6parameters in equation 5. The area within the

0.05 contour in the (r,h) plane aboveshows the 90% CL upper limit we would set if we observed no events beyond background.Such a result of this experiment would leave the Standard Model in deep trouble. One canview this as either a confirmation that this experiment has the sensitivity to surelyobserve this mode or as an opportunity to illuminate a fundamental weakness of theStandard Model.Previous Measurements and Their LimitationsThe present upper limit for the branching ratio of K+fi p+nn_ is <5.2 x10-9 at90% CL 7. This result is from the E787 experiment at Brookhaven which is the onlyone actively searching for this decay at this time. E787 was proposed about ten yearsago and has taken data for several years. The basic experimental technique used by E787is to stop K+s in a 4p magnetic detector measuring the momentum, energy and range ofthe decay pion. The charged decay track is identified as a pion by observing the pfimfiedecay chain. Additional background suppression is obtained with large solid angle photondetectors to reject events with additional photons. The overall acceptance of this detectorfor the K+fi p+nn_ decay mode is 0.55% 7.We mean no criticism of E787. It is an experiment designed when the top wasbelieved to be light and the width of the Z was unmeasured so that the number of lightneutrino generations could have been 50. Their goal was to search for Physics beyondthe Standard Model with 3 light neutrinos. The experiment was a heroic effort and haslargely achieved its goals. We believe that its basic technique limits it from ever gettingto the 100 event level given that the top is heavy and that the number of light neutrinosis now known to be three. A problem is that the observation of the pfimfie decay chainis an absolutely critical part of the background rejection scheme required in a stoppedkaon experiment and the muon just lives too long. E787 has published results with kaonstopping rates of 150 kHz and the acceptance quoted above 7. With these parameters therunning time to observe one event assuming a nominal standard model branching ratio of1x10-10 is one year (1x107 beam seconds). The E787 experimenters are trying toimprove both their acceptance and rate capability. We believe that at best they may seea handful of events. This would be a major step forward. However, such limitedstatistics cannot yield an annulus on the r-h plane with sufficient precision to applyimportant limits on the parameters of the standard model.

DRAFT 4.3 7/19/95 12:43 PM page 7The logic of the experimental situation dictates a much higher kaon decay rate.We believe this requires just the opposite approach of E787, a decay in flightexperiment with the minimum of material in the beam to reduce backgrounds frominteractions. To achieve the 100 event level of sensitivity will require two orders ofmagnitude higher kaon decay rate at the same acceptance. A beam with ~10 MHz ofdecaying kaons will require a detector system with resolving times less than 100 nsecand very high rate capabilities. The acceptance can be maintained by going to a highenergy beam where the Lorentz boost folds the kaon decay products into a small forwardcone. The major drawback in a decay in flight experiment is that the kaon as well as thepion must be momentum analysed with high precision.Similar experiments have been done in the past 8 and discussed for this decaymode in workshop studies9. In these cases the spectrometers are conventional magneticspectrometers with either proportional wire chambers or drift chambers for chargedparticle tracking.In the case of Brookhaven E777 8 (of which one of us [psc] was a foundingmember) 200 MHz of unseparated +6 GeV/c beam yielded about 2 MHz of Kaon decays inthe sensitive region of the apparatus. The acceptance for the decays studied was ~5%giving 100 KHz of accepted decaying kaons. The performance of MWPCs with their beamregions deadened limited the intensity to this level. The backgrounds observed wereacceptably low for the three body all charged final states which were being studied inE777. The average good three body event had an extra track found in the MWPCs whenoperated with 25 nsec gates. These were mainly due to the geometry of the 6 GeV/cbeamline. The incident Kaon was unmeasured but the requirement of three charged trackforming a good vertex which reconstructed a kaon coming from the production targetmade the issue of accidental tracks unimportant. This would clearly not be the case forone charged particle final states. The basic lesson of E777 to be applied in this contextis that even a conventional spectrometer with significant material 10 in the beam can bemade to work in a 0.2 GHz beam.The Main Injector workshop9 study for a "conventional" K+fi p+nn_ experimentassumed a separated beam largely in order to limit the amount of background caused bythe 10 pions and protons for every kaon in unseparated beam. The assumed separatedbeam was 30 MHz with a flux of accepted decaying kaons of 420 kHz which required alarge fraction of the Main Injector proton intensity in order to make up for the

DRAFT 4.3 7/19/95 12:43 PM page 8separator and decay losses. This design would give 10 events at Br=1x10-10 in a year ofrunning.ApparatusOur proposal is to do the entire job of momentum measurement and particleidentification for both the kaon and decay pion with a two low mass detectors; a pair ofphototube ring imaging Cerenkov counters (RICH). The beam would be a 0.3 GHzunseparated positive beam at about 22 GeV/c. The beamline is relatively long (~100m)with quadrupoles so that the beam as it enters the first RICH is parallel (<50 mRaddivergence) with a large area (10 x 10 cm2). The rate of kaon decays in the decayvolume would be about 3 MHz. Assuming the 4.7% acceptance after all cuts given by asimple Monte Carlo simulation and Br=1x10-10 as before, the sensitivity is 150 eventswith missing neutral mass below Mp� in one year (107 live seconds of beam). About halfof these events would be in free of significant backgrounds.The figure below shows a complete schematic of the CMK apparatus.Phototube RICH DetectorsThe choice of a detector technology with as "rich" and varied a past as the ringimaging Cerenkov counter is admittedly unconventional. This choice is motivated by thenear ideal match between the properties of the phototube RICHs pioneered by one of us[psc] with colleagues from E781 and the requirements of this experiment. A RICHmeasures the vector velocity of a charged particle with a minimum amount of materialand with a resolving time limited only by the speed of the photo-detectors used.Cerenkov detectors measure velocity , not momentum. In a beam of narrow enoughmomentum bite particle ID is intrinsically included in the measurements. All the estimates and simulations used here are based upon measured resultsfrom a prototype phototube RICH we built and tested for E781 11. This 300 phototubeprototype is the model for the first (kaon) RICH and probably could be used with onlyminor changes. A example of the results from this prototype are shown in the figurebelow. These data were taken downstream in a 400 GeV/c negative hyperon beam. The

DRAFT 4.3 7/19/95 12:43 PM page 9

Apparatus

Z [m]

X [cm]

0

10

20

30

40

50

60

70

80

0

10

20

30

40

50

60

KaonRICH1atmN2

Pion RICH1 atm Neon

Vacuum Decay Volume

90

100

m rangestack

PBGstack

Photon"condom"

BM109Magnet

PBGstack

Beam Dump

300MHzunseperated22 GeV/cBeam5% K+

DRAFT 4.3 7/19/95 12:43 PM page 10thresholds for p-/K-/p_ were 12/44/83 [GeV/c] respectively. The distribution shownis the ring radius for all single tracks observed after modest cuts on the c2 of the ringfit (c2/n<2.5). The radius plotted here is the average angular distance from an MWPCmeasured track to each PMT in the event. The average track has 12.4 tubes assigned to aring. The average number of PMTs fired by noise assigned to a ring is ~0.3 There areseveral effects which explain the events at low ring radius (upstream decays andinteractions). The non-Gaussian tail on the high ring radius side is ~10 events out of21300. These data were taken with a 100 nsec time gate on the PMTs. This non-Gaussian tail is consistent with the tube noise given this gate width. Provided that atrigger veto system controls upstream interactions and decays this type of detector willhave nearly perfect Gaussian resolution function with the 100 times smaller effectivegate width achieved by measuring the time of each PMT signal to ~1 [nsec]. These datawere taken over a 12 day period and indicate the stability of this class of detector. Theresolution (s) is stable to –1.5% and the ring radius is stable to –27 [mRad] or –20%of s over this period.Data from E781T Prototypephototube-RICHb = 1e = 79%Ring Radius [mRad]

Entries 21300c2 3.897Mean 11.333Sigma 0.13710410310210 1 10 10.4 10.8 11.2 11.6 12 12.4 12.8

DRAFT 4.3 7/19/95 12:43 PM page 11The E781 RICH, with 2800 phototubes which is now under construction, is themodel for the second (pion) RICH. The performance of this device will demonstrate thefeasibility of scaling phototube RICH technology up to this size and provide importantexperience in maintaining the precision achieve with the prototype in large scaledetectors.The RICHs would operate at atmospheric pressure so that their beam windows canbe very thin. The combination of radiator gas (nitrogen) and beam momentum (22GeV/c) is chosen so that beam kaons are just above Cerenkov threshold in the first RICH.This kaon RICH is blinded to the beam pions by not instrumenting the device at large ringradius where pion Cerenkov light would hit the photocathode. The beam protons arebelow Cerenkov threshold are are therefore unseen. Kaons produce very small radiusCerenkov rings which make the identification of kaons unique (small rings centered onthe beam direction) and the kaon momentum resolution very good (~0.5%). The kaonangles are measured from the center of the kaon ring but are better known from thebeam divergence. Decay pions are measured in an analogous manner in the second RICHwhose working gas is neon with a pion threshold of 12 GeV/c. Pion rings are larger andtheir ring centers are offset from the beam direction by the decay angle. The resolvingtime of a RICH is better than required. Cerenkov light is naturally isochronous (allcerenkov photons arrive at the photocathode at the same time). Sub-nanosecond timingon the signals from small phototubes is straight forward. The resolving time of a RICHis the width of a phototube pulse, about 10 nsec.Decay VolumeBetween the two RICHes is a 30m long vacuum decay volume whose walls arelined with a photon veto "condom". Only decays in this region are studied. The materialin this region is ~5x10-6 interaction lengths and the interaction rate in this region is~1kHz for a modest vacuum (100mm). The kaon decay rate in this volume is 3MHz. Thevacuum window are modeled after the E731 "sailcloth" window with 0.25% radiationlengths and 0.2% interaction lengths each. Trigger scintillators will require decaytracks to emerge for this decay volume. The backgrounds due to interactions will bedominated by the limitations of this system rather than the actual interactions with thegas in the decay volume. A schematic of the apparatus is shown in the figure below.Charged particle and photon rays are shown for the largest and smallest pion angles (andmomenta) of interest and both the beginning and end of the decay volume. The photon vetosystem is not shown here.

DRAFT 4.3 7/19/95 12:43 PM page 12Veto SystemsThe rest of the detectors consist of various vetos counter systems. Directlybehind the pion RICH is a lead glass wall used to vetos all events with any depositiongreater than is consistent with one minimum ionizing particle. This kills most eventswith electrons or photons from p0s. This wall must have a hole to allow the beam outwhich need only be as large as the beam. Following the photon veto wall is a stack ofsteel large enough to absorb all the energy from a 22 GeV/c pion. Scintillator hodoscopesbehind this stack are used as a trigger veto for the 2 MHz of K+fi m+n decays.

Apparatus Schematic Z [m]

X [cm]01 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 01 0 2 0 3 0 4 0 5 0 6 0 Kaon RICHPion RICHVacuum Decay VolumeBeamThis measurement requires a high flux unseparated 22 GeV/c beam. Such a beamcan be produced with either the 800 GeV/c protons from the Tevatron or the 120 GeV/cprotons from the main injector. Since the duty factor is the same for both of theseaccelerators there is no difference in sensitivity between them. Main injector beam canbe debunched so that accidental backgrounds are less severe by an order of magnitude.Accidentals are the largest potenital source of background after Kp2 decays. To attemptthis experiment with instantenous rates as large as 3 GHz would be folly. Therefore thisis a main injector experiment.The requirements for the beam are that it have a momentum bite of DP/P =–2.5% in order that the kaon is close enough to Cerenkov threshold to keep adequate kaonmomentum resolution. The beam divergence should be –50 mrad. The transverse size of

DRAFT 4.3 7/19/95 12:43 PM page 13the beam as it enters the first RICH can be essentially of any convenient size; –5 cm of a4 inch beam pipe seems reasonable. The decay length of a 22 GeV/c kaon is 165 m sothat a beam design with two underground enclosures separated by 100 m would allow thecontainment of radiation from the production target and the absorption of targetassociated muons in the earth between the two enclosures while losing only 45% of thekaons to upstream decays.

-4-202468101214161850010001500200025003000

EPB DIPOLE DOUBLET4Q240 QUAD DOUBLETConceptual Beamline DesignTargetbend planenon-bend plane22 GeV/c beams are not typical at Fermilab. We have done a conceptual beamlinedesign in order to assess feasibility and fluxes. This design (shown in the figure above)consists of a production target, an achromatic dipole doublet made of two EPB dipolemagnets run with equal and opposite Pt kicks of 1 GeV/c followed by a 4Q240 quadrupoledoublet focused at infinity. Limiting rays are shown in the bend and non-bend planes inthe figure above.

DRAFT 4.3 7/19/95 12:43 PM page 14This beam has a solid angle of –3.5 mRad x –1 mRad and a momentum bite of–2.5%. The divergence downstream of the quads is –110 mrad in the bend plane with astrong angle momentum correlation. A simple cascade simulation indicates that with a30 cm (2 interaction length) Cu target the yield of this beamline is 6 x 10-3 particlesper incident 120 GeV/c proton. Only 20% of this yield is due to the direct interactionsof the primary protons. The balance is due to the cascade which is why the yield isoptimized with a thick target. A yield of 0.01 implies that 5 x 1010 protons per secondare required to produce a 0.3 GHz secondary beam.Trigger / DAQEvery detector in this apparatus is a phototube. Every phototube will need anindividual channel of readout electronics which provides the time associated with eachpulse. The first level of trigger required is a combination of the correct range ofphototube hits in the pion RICH in combination with vetos from the muon and photon vetosystems. This trigger should fire at the 100 kHz level.It is unclear, at this time, whether it is better to build dedicated electronicscombining the trigger and time measurement system or to use a more conventionalseparated trigger and readout electronics.The lead glass blocks are also readout with ADC’s with a 50 nsec or shorter gatefor accepted triggers. Recall that the goal of the photon detectors is to veto any eventsinconsistent with a single minimum ionizing particle. The tails of the pulses aren’timportant at this level of resolution and any pileup causes only a small loss of goodevents. The total number of PMTs to be readout are 4000 , 100 of which require ADC’sin addition to the time readout required of all channels. The total amount of data in atrigger, after sparsification is about 250 bytes.Detector SimulationWe have simulated the response of this detector to the signal and the dominantbackground, K+fip+p�. We have included the RICH detector response as measured in theE781 test run and multiple scattering from the gas, windows and mirror in the beam.We have established a typical set of cuts in order to define a clean signal. These are:

Parameter

CutEfficiencyKaon RICH PMTs fired> 5 .98PION RICH PMTs fired> 7 .77Pp+> 16 [GeV/c] .61

DRAFT 4.3 7/19/95 12:43 PM page 15M 2nn error< 0.0032 [GeV/c2]2 .89

-0.01 0.00 0.01 0.02 0.03 M2nn [ GeV/ c2]10510410310210 1M2nn < 0.008 [GeV/c2]K+ fip+p� 2eventsK+ fip+nn 74events

Entries 1107751c2 18.61Mean 0.01797Sigma 0.00182With these cuts we have an efficiency of 4.7% for all signal events with M2nn < M2p� and2.2% of all signal events with M2nn < 0.0080 [GeV/c2]2. These efficiencies are withrespect to all kaons decaying in the decay volume. In the plot below we show the M2nndistribution for 2.8 x 1013 K+ decays which corresponds to 107 live seconds of beam at300 MHz. We have take the p� rejection from the veto systems to be 10-6. We haveachieved a M2nn resolution of M2p�/10. For an assumed branching ratio of 1x10-10there survive 74 signal and 2 background events below the M2nn < 0.0080 [GeV/c2]2cut.Background SuppressionKaon decaysThe largest potential background is killed automatically by the detection with aCerenkov counter. When the mass squared of the missing neutral system is calculated

DRAFT 4.3 7/19/95 12:43 PM page 16for a Km2 event with the muon assumed to be a pion a large unphysical negative valueresults. The backgrounds which must be controlled are K+fip+p0, K+fim+ng, 1 prongKaon interactions and accidentals from either interactions or other decays. The totalnumber of interactions lengths ito which the trigger is sensitive is ~1% giving a 3 MHzinteraction rate matched to the 3 MHz kaon decay rate and 5 MHz of beam pion decays inthe decay volume.Decays in flightAccidentalsInteractionsPhysics ResultsIf we assume that nature has the values for r and h near solution 2 shown in thefigure below then the branching ratio for K+fip+nn should be about 0.4x10-10 . Thiswould yield us 30 signal plus 2 background events with the cuts established above. Theresulting 1 s allowed region on the (r,h) plane is shown in the

0.050.100.150.200.250.300.350.400.450.50-0.50-0.30-0.100.100.300.500.700.901.101.301.50S1S2

Br [nn] = 0.4x10-10Signal = 30 eventsbackground = 2 events Statistical errors only +94 PDG parameter errors

r vs h Resolution Assuming Br= 0.4 x 10-10 hr

DRAFT 4.3 7/19/95 12:43 PM page 17figure above. The hashed region is the 9% statistical error only. The shaded regionincludes the error due to the uncertainty in the measurements of the other standardmodel parameters require to evaluate equation 5. These uncertainties are dominated by a24% contribution from A2 =[ |Vcb|/|Vus|2]2 followed by a 9% contribution from the topquark mass and a 7% contribution from the charmed quark mass. One can reasonablyexpect that the measurement of |Vcb| and the top quark mass will be improved from workbeing done now at Fermilab, CLEO, LEP and elsewhere. As the geometry of the figurebelow clearly shows, this experiment is mainly sensitive to r and not h. If we assumethat A2 will be known to 10% and the top quark mass to 5% by the time that the datafrom this experiment are available then this experiment should yield a measurement ofr with a precision of –0.18 or 16%. This error has contributions of 9% from statisticsand 13% from experimental uncertainties in the other Standard Model Parameters.NecessitiesBudgets / Time ScaleA very rough first cut at a budget for this experiment is as follows:cost [K$]4000 Hamamatsu R760 phototubes with bases @ $400/tube1 6 0 0 4000 channel of HV and readout electronics @ $100/channel 400RICH mechanical, optical and gas systems 500Veto systems 500beamline 200everything else

500TOTAL3 7 0 0 The time scale for this experiment is dictated by the Main Injector. It requires acollaboration of several dozen physicists and students. It probably need two years ofdesign and one year of construction for the experimental apparatus. It will very likelyrequire more that one run in order to understand and tune the apparatus in order to havebackground in control at the 10-10 level and simultaneously achieve high relativeefficiencies. Integrating 107 live beam seconds will require 2 calendar year of running.ManpowerConclusions

DRAFT 4.3 7/19/95 12:43 PM page 18References1 . T. Inami and C.S. Lim, Prog.Theor. Phys. 65 (1981) 297.2. J. Ellis and J.S.Hagelin, Physics Letter B 192 (1983) 201.3. D. Rein and L.M> Sehgal, Phys. Rev. D 31 (1989) 33254. L. Wolfenstein, PRL 51 (1983) 1945.5. Particle Data Group: Phys. Rev. D 50,1173 (1994).6 . J.M. Gerard, CP violation in the proceeding of the Joint International Lepton-Photon Symposium & Europhhysics Conference on High Energy Physics, S.Hegarty, K. Potter, E Quercigh, ed., World Scientific (1991)7 . Search for the Decay K+fi p+nn_, MS Atiya, et.al., PRL 70,2521(1993), MSAtiya, et.al., NIM A321,129(1992), MS Atiya, et.al., Nucl. Phys.A527,727(1991), Recent Results from BNL on Rare Decays of Kaons., W.Molzon, in Proceedings of the Joint International Lepton-Photon Symposium &Europhysics Conference on High Energy Physics, S. Hegarty, et.al, Ed., WorldScientific, p 581, (1991). ,MS Atiya, et.al., PRL 64,21(1990), .8. Search for Short Lived Neutral Particles Emitted in K+ Decay, N.J. Baker, et.al.,PRL 59,2382 (1987), A Search for the Decay K+fi p+m+e-, C. Campagnari,et.al., PRL 61,2062 (1988), An Improved Limit on the Branching Ration of K+fip+m+e-,, A.M. Lee, et.al., PRL 64,165(1990), A Study of the Decay , C. Alliegro,et.al., PRL 68,278 (1992)9 . Report of the Working Group on K+ Decay in Flight, HS Collins, et.al., in theProceedings of the Workshop on Physics at the Main Injector, S. Holmes and B.Winstein, Ed., Fermilab,p93, 1989.1 0 . E777 had about 5% of a radiation length of low Z material in the 200 MHz beam.1 1 . A Phototube RICH Detector, By M. Pommot Maia, (CNPQ, Brazil), P.S. Cooper,L. Stutte, (Fermilab), V. Solyanik, (IHEP, Serpukhov), I. Filimonov, A.Nemitkin (Moscow State Univ.) Published in NIM A326(1993)496-507.