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Abstract

Experimental constraints on Models of CP violation. M. P* Schmidt,, K. K.

Adair, J. I. Black, S. R. Blatt, H. K. Campbell, H. Kasha (Yale University),

R. C. Larsen, L. B. Leipuaer, W. H. Morse (Brookhaven National Laboratory).

A review is presented of the experiaental efforts at the Brookhaven ACS to

study the nature of CP violation in the decays of fcaoaa. The current research

focuses on sensitive searches for a violation of time-reversal (T) invariance

in the decay K->irpv as evidenced by a nonzero component of muon polarization

normal to the decay plane. The ongoing program of research includes a study

of direct CP violation in the decays of neutral kaon» through a precise (IX)

measurement of Jn | /1 Ti_ff |» the ratio of the CP violating amplitudes for

the decays of neutral kaons into neutral and charged two pion final states.

Results will be presented on the decay X.-^"!! v , where we have found the

ratio of T violating to T conserving transverse polarization of the muons

to be <P /Pt>»0.004±0.009, consistent with T invariance. Preliminary re-

sults for the polarization of unions in the decay K -*ir°y-v will be discussed.



We report here oa an experimental program at the Irookhaven AfiS to search

for a villiweak violation of tine reversal (T) iirrarlance through a measurement

of moon polarization in the decay E * TTJUI, Muon polarisation is determined; by

the detection of the positron momentum in the weak decay u -* • v ~ . The T

violating correlation of Interest is t • (p^ x p ). thac is the cowooent of muon

polarization normal to the decay plane as defined In the Icaon rest xz**e. This

component of polarization ? will result from the complex interferacce of the

two amplitudes describing the decay of '-tie kaon. b K decays this phase is

equal to the ratio of the T violating and T conserving transverse polarization

components of the ov.on (as observed in the kaon rest franc): $ • (? /?.}___
a t ess*

More traditionally one has P a lag where 5 = tjt+ Is the ratio of the fora

factors describing the hadronic vertex of the £ 3 decays.

A search for a T violating muon polarization It I , decay is a sensitive

test of those gauge models in which the exchange of Higgs bosons Is important

In GP violation. As shown by Weiaberg1an extension of the Higgs sector (fros

one to three coaplex doublets) allows for a genuine €P violating phase, even

if there exist only four quark flavors. If charged Higgs exchange is largely

responsible for CP violation observed in K° - K° systematic*, then it is esti-

mated that ailliweak (that is of order e * 2 x 10~3> effects are expected in

K decays. The T violating component of polarization arises due to the spin

zero nature of the Higgs bosons which contribute solely to that piece of the

decay amplitude for which the total angular momentum of the lepton pair is zero.

The usual W bosou exchange can contribute to both the spin zero and spla one

amplitudes. Similar effects are not expected to be observable in neutron S decay

as the coupling of Higgs bosons to quarks and leptons Is proportional to the mass

of the feraions. We note that no such T -violating effects in K decays are
'1

expected from the Kobayashi-Maakawa model in which a CP violating phase is
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allowed in the gauge couplings of six flavors of quark.

The K° experiment was conducted in * 6* neutral beam which traveled

through the center of a cylindrically symmetric detector (Fig. 1). Positive

muons from decays {l2 -*• *~u v > occuring in the 5 meter drift space upstream
u p

of the detector were focused by the steel toroidal magnet and brought to rest

in the aluminum polarimeter. The path of the muona was determined from the coin-

cidence of scintillation counter pulses from the hodoscopes labeled JL-B, H, F

and G. Field Programmable Logic Arrays (FPIA's) were used to determine the

azimithal position of stopping muona in the segmented polarimeter and to abort

events for vhich one unambiguous won stop was not found.

In order to maximize the sensitivity of the detector to the T violating

component of polarization, events were selected such that the K£ laboratory

momentum was very nearly in the X decay plane as defined in the kaon rest

frame. For_such events the T violating component of polarization in the labora-

tory is normal to the plane defined by the laboratory momenta of the kaon and

the ouon, that is Pfl a S *(P*K x ? ). Figure 2 illustrates possible decay product

orientations, in the kaon rest frame and the laboratory, for twp classes of events.

Due to the steepness of the KP production spectrum, the finite acceptance of

the detector and the energy (̂  1 GeV) required for the muon to penetrate the

toroid and stop in the polarimeter, the event selsctlon is strongly biased

towards those events of class P(M) where the pion is emitted forward (backward)

in the kaon rest frame. This yields a net T-violating component of polarization

which defines a screw sense about the beam line.

The event selection was accomplished by fast trigger logic which required,

in coincidence with the muon, a pion hit in the D-2 hodoscope (for class P> or

in an A-B counter adjacent to that hit by the muon (for class M). Monte Carlo

calculations show that about 61 of all K° decays with muons stopping in the

polarlseter wuld fulfill the event: selection criteria yielding {? ) » 1.3 * 10""3

for Io? - 0.01 and Re? * 0.
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Axter coming to rest in the aluminum polariaeter, auon spins

with a period of 1.2 msec in a 60 G axial magnetic field. The positron from, rhe

muon decay was detected! by one of the two G counters flanking the mica stop

position. Each 6 counter was associated with a "clock11' which was gaeed1 on -

for 6.4 usec by the fast trigger. The detection of the iwsitron thus recorded

the tia« and direction of the soon decay.

As Indicated in Fig. 3, the geometry of the polariaeter arts! the applied

magnetic field allowed a measurement of two components of the mucn polarization

In the laborseory: Pt, the T conserving transverse polarization, and P^, the T

violating component. For the ensemble of muoos the polarisation was determined

from the amplitude of the asymmetry, A - (R - L)/(R + L), in the number of

positrons detected t-5 the right (R> or the left (L> of the auon stop position.

Reversing the direction of the precession field before each beam pulse allowed as

independent-determination of the P and P components. This is understood by

noting that the contribution to the asvnaetry from the P component reverses

under a reversal of the field direction, whereas the contribution froa the

P component is. invariant.
n

The curves of Fig. 4 show the measured asymmetry, A, plotted as- a function

of time for the 12 million events collected. The upper turves show the expected

sinusoidal dependence of A , the asymmetry due to the T conserving polarization

P . The lower curves (note the change in the vertical scale) show the tiae

dependence of the T violating asymmetry A Q with representative errors. The

curves on the left display the data froa the on-line analysis. The "damping'

of the sinusoid in the A£ plot is due to random clock stops caused by neutron

fluxes in the detector cave. The curves on the right show a simple Fourier

analysis fit to the data with the period fixed and the background subtracted.
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Ths least squares fit to the amplitude A(0) imply a T conserving polarization

of ?t « 0.40 + 0,06, which is consistent with Monte Carlo expectation* and serves

to calibrate the detector. For the T violating data the fit implies a value for

the polarization P - 0.0016 + 0,0053 which is consistent with zero.3
n —

Using the calculated sensitivity of the detector this value of P leads to

i. value for the T violating phase 4 «(P- /P^) • 0.003 + 0.010 which is con-
u C CBS ™̂'

sistent with time reversal invariance, and should be compared vita- the value;

0.002 Chat we suggest as a central value to be expected from milliweak theories.

In teras of the traditional kaon fora factor ratio g our result corresponds to

a value log - 0.009 £ 0.028, which is not significantly different than the value

0.008 expected from the electromagnetic final state Interactions between the

outgoing it~ and u .

The completed K°_ experiment is considered the first of a program to detect

ailliweak_CP violation in It decays, and Brcokhaven is well suited for such

precision measurements. This sinner we have begun collecting data on muon

polarization in the decay K+ •*• *°p v . The experiment is performed In a mono-

chromatic (4 GeV/c) beam and we have replaced the B-E hodoscope (Figure 1) with

a lead glass array (̂  8 radiation lengths) in order to detect y-rays from *°

decays. The requirement of a high energy y-ray (E > 1.2 GeV) enhances the

selection of events where the *° is emitted forward in the kaon rest frame,

thus increasing the sensitivity by about 30Z compared to chs K® experiment.

In addition the polariaeter is now shielded from direct view of the production
target which reduces the neutral backgrounds associated with the beam. Another

advantage of the K experiment Is Che absence of final state effects as there

is only one charged particle, the muon, in the decay products.
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It is worth noting that ve are employing * prototype of the Broofchaven

Fast Bus1* for data acquisition which will facilitate our expeceaelou of col-

lecting events at a rste (i* ISO/pulse) ten tiaras that of the R° .experiment.

The collection of 150 elllion events \nuld allow s aeasar« of die CP violating

phaae • to ± 0.003, tell within the range «p«c£ed £ro«t alllitfeak zaodels of

CP violction.

thiaf work was supported in part by the U.S. Bepartaent of Energy oader

Contract Nos. DE-AC02-76CH00015 and BE-AC02-76ER03075.



-6-

Figtire Captions

Fig. 1. An isometric vlev of the experimental apparatus indicating thm

major components of the detector.

Fig. 2. (a) Orientations of the decay produces and the auoa pr/larizaLltra

In the kaoa rest frame and the laboratory system for a typical

P class event°

(b) Orientations of the decay products and She muon polarization

the kaon rest frame and the laboratory system for a typical

cl&33 U event.

Fig. 3. (a) Schematic representation of the components of auon polarisation

in the polariaeter as seen along the bean line.

(b) Schematic representation of the contributions of the transverse

polarizations to the asymmetry for an ensemble of processing soons.

Fig. 4. Asymmetry as a function of time: total event sample.
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