1Charged Kaons at the Main InjectorAn Experiment to Measure K+ fi p+nn_Peter Cooper, Mike Crisler, Bob Tschirhart FermilabJack RitchieUniversity of Texas at AustinGoals1. To be able to observe approximately 100 events for a1x10-10 branching ratio in two years of running withthe Main Injector.2. To reduce all backgrounds to the level of a few events.3. To limit capital costs to less than 10M$.Theory B(K+fip+nn)B(K+fip0e+n)

= a28p2sin4qw

˚ V *csV ˚cd˚D(mcmw

) ˚ ˚ + ˚ V *t s V ˚td˚ D ( mtmw

) ˚ 2 1˚ | ˚ V ˚us˚|2

The Wolfenstein parameterization of the Cabibbo KobayashiMaskawa (CKM) matrix is: Vjk = 1 - l 22

lA l 3 (r -ih )- l1 - l 22

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

where l = 0.2205(18) is the usual Cabibbo angle and A = 0.82(10)from Vcb. B(K+fip+nn_) = [(0.52 – 0.14) x 10-10][](1.30-r )2 ˚+˚h 2

2Charged Kaon decay primerModeNameB r Ptmax [GeV/c]Class m+ nKm2.63510

.2355

p+ p0Kp2.21170.2051

background

p+ p+ p-Kp3.05589.1254 e+ p0 nKe3.04820

.2284

m+ p0 nKm3.03180

.2151background

p+ p0 p0Kp3.01730.1329 m+ n gKm2g5.5 x 10- 3

.2355background

e+ p+ p- nKe43.9 x 10- 5.1679 e+ p0 p0 nKe42.1 x 10- 5.1730 e+ nKe21.5 x 10- 5

.2468

m+ p+ p-nKm41.4 x 10- 5.1448 p+ n nKpnn1.0 x 10- 1 0

.2271signal

Kaon Decay Kinematics [22 GeV/c]P [GeV/c]Theta mR051 0 1 5 2 0 2 5 3 0 3 5 4 0 4 5 5 0 051 0 1 5 2 0 2 5

Kpnn

Kp2K m2 Km3 Ke3pm2

3Previous Measurements and Their LimitationsBNL E787proposed 1983, running about 5 yearsSensitivity Br[K+ fi p+n n _] < 2.4 x 10-9 [90%CL]Stopped Kaons 200 KHz, 4p magnetic detectorPK = 0, Pp by curvature and rangeParticle ID by obsevring pfimfie decay chain4p photon vetos - Pb Scint + CsILimitation - the muon lifetime is not negotiable!If the kaon stop rate ~1/2.2 msec = 500 kHzthen events pile up in the detectoracceptance e ~ 0.6%, Br = 1 x 10-10BNL beamtime 3 x 106 sec/year�Sensitivity ~ 1 event/yearThis is a beautiful experiment - but it won’t see 100 eventsupgraded can reach 5 x 10-11 sensitivity by 1998Another IdeaIf decay at rest isn’t sensitive enough then decay in flight is theonly other choice.Need:Short resolving time [ 2 msec fi 20 nsec]Momentum and ID for

both K and p.High K flux [ 105 fi 107 K decays/sec]Problems:Mass Resolution - to seperate different decay modesAccidentals - measure time of everything to controlInteractions - minimum material in the beamSolution:Non-magnetic spectrometers with pRICHsDPK/PK = <1% DPp/Pp = ~1% DM2nn/M2po = 10%Measurement of velocity rather than momentum helps IDControl pileup/accidentals with timing.Easy to measure time of PMT pulses to 1 nsecMaterial in beam is mainly radiator gas [XL = 12%, IL = 4%]

4Apparatus Beam• >300 MHz unseperated positive beam at ~22 GeV/c [BNL 777 was done in such a beam at 6 GeV/c]• Kaons are just above Cerenkov threshold in Nitrogen• Main Injector - Debunched beam required [or the accidentals have us for lunch!] • DP/P = –2.5% Dq = –50 mrad, [parallel, large area ] • Secondaries/incident proton = ~6 x 10- 3 � ~5 x1011 protons/sec [~1% of MI intensity]

050010001500200025003000

-4-2024681012141618

EPB DIPOLE DOUBLET4Q240 QUAD DOUBLETCKM Conceptual Beamline DesignTarget

BEND PLANENON-BEND PLANE

5D e t e c t o r s A RICH simultaneously measures the incident angles of allradiating tracks and the associated velocities of those tracks.Cherenkov light is isochronous.• N2 pRICH at threshold to measure/identify Kaon (DP/P~0.5%) Blind to beam (p, no PMTs at large radii; p are below threshold)• Long vacuum decay volume• Neon pRICH at measure/identify Pion (DP/P~1%, DqKp~ 400 mRad) Thresholds: p, 12 GeV/c; K, 40 GeV/c; p, 80 GeV/c• Resolving time ~10 nsec (PMT pulse width) st ~ 1 nsec• Photon veto system to tag photons with inefficiency ~10- 3 • Muon range stack to tag muons with inefficiency ~10- 4

Kpnn

Km2Km2g

pm2RICH Kaon KinematicsqRadius/Rmax00.20.40.60.810510152025

Kp2Km3

Ke3mR

6

Apparatus

Z [m]

X [cm]

0

10

20

30

40

50

60

70

80

0

10

20

30

40

50

60

Kaon

RICH

1atm

N

2

Pion RICH

1 atm Neon

Vacuum

Decay Volume

70

80

90

100

m range stack

PBG stack

Photon

"condom"

BM109

Magnet

PBG

Beam Dump

300MHz unseperated

22 GeV/c

Beam

5% K

+

7Summed b=1 data from E781 Prototype Rich

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

BackgroundsModeB rVetoGeometricalEvents

InefficiencyEfficiencyNk=2.8 x 1013

p+ n n1 x 10- 1 014.7%1 5 8 * p+ p0.211702 x 10- 518%1107751 m+ n g.005461 x 10- 60.15%<25

m+ p0 n.031801 x 10- 90.15%<1 mInefficiency = 1 x 10- 4 gInefficiency = 1 x 10- 3 p0Inefficiency = 2 x 10- 5 *-.015 [GeV2/c4] < M2nn < M2po = .0182 [GeV2/c4]1 x 107 live beam seconds of data

8Results - assuming Br = 1x10-10, NK = 2.8x101 3

-0.01 0.00 0.01 0.02 0.03 M2nn [ GeV/ c2]10 510 410 310 210 1M2nn < 0.008 [GeV/c2]K+ fi p+p� 2 eventsK+ fi p+nn 74 events

Entries 1107751c2 18.61Mean 0.01797Sigma 0.00182Physics ReachContribution to radius resolution of annulus on the r - h plane from statisitcs (including background)other standard model parametersResolution with guessed SM improvements by 2002parameter94 PDGradius02 PDGradius value% errorvalue% error sin qc0 . 2 2 0 5 ( 1 8 )3 %0 . 2 2 0 5 ( 1 8 )3 %

A0 . 8 2 ( 1 0 )2 4 %0 . 8 2 ( 4 )

1 0 %

Mt [GeV/c2]1 7 4 ( 1 7 )9 %1 7 4 ( 1 0 )

5 %Mc [GeV/c2]1 . 3 ( 0 . 3 )7 %1 . 3 ( 0 . 3 )7 %

Statistics7 4 ( 9 )6 %7 4 ( 9 )6 %

Total2 7 %1 5 %

9r - h resolution Br [nn] = ~1x10-10Signal = 74 eventsbackground = 2 events Statistical errors only +02 PDG parameter errors

0.050.100.150.200.250.300.350.400.450.50-0.50-0.30-0.100.100.300.500.700.901.101.301.50

hrSummaryRICH Velocity spectrometer adds new experimental dimensions• Much improved resolving time allow much higher rates• p/K/p beam seperation is "free"• The "pixel" photocathode gives a remarkably gaussian resolution function• Fast and efficient PMT RICHs are now really feasibleMore work required to know if the experiment will really work.• Study accidentals• Simulate interaction backgrounds• Optimized design to improve resolution. Add redundancy to control non-Gaussian resolution tails• More realistic beam designProposal in the Fall provided goals can be metKTEV, SELEX and BNL E871 come first

1 0 Ring Imaging CHerenkov counter primerCerenkov effect equationsqc = [ 2d - 1/g2 ] 1/2Cerenkov angled = n - 1index of refraction = 64 x 10-6 (gth=88)for Ne at 1 atmNpe = ALsin2qcPhoto-electrons observedL length of radiatorA ~ 150 /cmFigure of meritCerenkov light is emitted at a constant angle qc to a trackthroughout the radiator. If this light is imaged by aspherical mirror to it’s focal plane (where position isproportional to incident angle) a ring is formed whosecenter is given by the angle of the track and whose radiusis R= Fqc where F is the focal length of the mirror.

FqxFqy

FqcA RICH simultaneously measures the incident angles of allradiating tracks and the associated velocities of thosetracks. Cherenkov light is isochronous. All photons arriveat the focal plane at the same time independent of wherethey were emitted.