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Our progress·report will deal with two major areas. (I) New
-*  ---I.--i--B

.              K

experimental results and progress on experiments under way; (II) Development

of equipment necessary for· future experiments.

I.  Experimental Program

During the present year we were able to make, what we feel is an
-

interesting contribution to a baffling situation in our knowledge JFCp

O          1                                               J
violation in K  decays./ This result is now published in Physical Review

Letters.  We now proceed to describe this result.
+-

(1) A New Measurement of the KL = rr 11'
Branching Ratio -- R. Messner,

R. Morse, Uriel Nauenberg in collaboration with D. Hitlin, J. Liu, R. Piccioni,

M. Schwartz and S. Wojcicki, Stanford University and SLAC, and D. Dorfan,

University of California at Santa Cruz. Physical Review Letters, Vol. 30

p. 876  (1973) . (C00-2114-5).  A preprint of this work is included.

Reports from Steinberger' s -CERN: group  at  the 1972 Chicago.

International Conference stated that the value of the branching ratio

XI' 4 TT TT-/1<  -• all charged they measured was about 30% higher than the

previously accepted value.  This branching ratio is an indication of the

magnitude of the CP violation amplitude in K decays as discovered by Fitch

and Cronin.  This new result was the more surprising since this branching

ratio was supposedly a well accepted number.

Since we had a very loose trigger in our SLAC experiment which was

studying the K  4 3·rr matrix element, namely any two tracks through the

apparatus constituted an event to be recorded on tape we were able to

check the new CERN result.  Much to our surprise our result was in good

-3
agreement with this latest result, namely 1%-1 = (2.23 E .05) x 10  ·as
compared with the CERN result |74_1 = (2.32 E .07) x 10-3. This observation
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coupled with the additional CERN result that their measured lifetime of

the Ks is 4% larger than the accepted value will probably lead to a new

analysis of all the CP violation parameters.

It is of course necessary to try to understand the discrepancy

between the old and new results.  A simple explanation is that either the

new or old experiments are incorrect.  A far more exciting explanation

would be that the two sets of experiments are not quite measuring the same

number and hence experiments should be carried out to indicate the essential difference

between the experiments. We are presently thinking about redoing our
.

experiment to try to determine whether this latter explanation has any merit.

(2) The Measurement of the Matrix Element of the KL11'3
Decay -- Allan

Franklin, Robert Messner, Robert Morse, Uriel Nauenberg in collaboration

with David Hitlin, John Liu, and Robert Piccioni, Stanford University and

SLAC  and David Dorfan, University of California at Santa Cruz.

This experiment is completely finished and almost fully

6analyzed. An experiment  of this magnitude   (- 10 events) requires   a  very

careful analysis to correct for a large number of small effects.  This has

now been completed and results should be published by the end of this summer.

Preliminary results of this experiment were already presented

at the 1972 Chicago International Conference.  The results were somewhat

*
surprising.  We found a quadratic term in the expansion of the matrix

element of the form

|M|=1+aY+BY2

a = - .874 f .005

B = .131 i .01

Such a quadratic term has not been observed in any other decay.

These results coupled with the results on the tau decay by Piroue's Princeton

Group indicates that the 6I = 1/2 rue is strongly



violated in these decays.  A review of this situation was given by Professor

Nauenberg.at the International Conference in Chicago and is published in

the proceedings.

(3) An Experimental Study of CPT Invariance in K' Decays and a Measurement

of the KS Branching Ratios -- Robert Morse, Marhsall Mugge, David McQuate

and Uriel Nauenberg.

This has been a very long range program.  We have now presently

tripled our data sample and we are in the process of analyzing it.  We have

to worry a great deal about the systematic errors which have plagued all

experiments which  try to observe 2·rri decay modes .    We  are now checking  all

these systematics and hopefully this experiment will be finished and

published in the fall of this year.

'                     This experiment will measure the CPT violating parameter 6 and the

btanching ratio K  4 2Tr'/1<$ - T'r TT-, both of great importance in the study

of the CP violation in K' decays.

(4) Search for Tachyon Monopoles in Cosmic Rays above the 15 Foot

Bubble Chamber -- NAL proposal #202.  D. F. Bartlett in collaboration with

M. G. White; Princeton University.  A paper describing the search for

I tachyon monopoles near a nuclear·source was published in October, 1972.

(D. F. Bartlett and M. D. Lahana, Phys. Rev. Df 1817 (19721.  The referee

of that paper suggested that we make a systematic review of previous

searches for "conventional" monopoles to see if any of these searches would

have been sensitive to tachyon monopoles as well.  We found that a previous

search by Carithers, Stephanski, and Adair could set a limit on the flux of

tachyon monopoles in cosmic rays.  But when viewed as a search for tachyon

monopoles, this experiment had an unexplained background of 1/2 count per

day.

3



I determined to improve this limit and tried to find a large

solenoid to attract the tachyon monopoles.  M. G. White suggested asking

for   "air-rights"   on  top  of  NAL' s   15 foot bubble chamber and joined  me   in

writing a proposal (NAL #202, Appended).  This experiment will permit us to

lower the limit on tachyon monopoles in cosmic rays by a factor of 100.

For some time we anticipated that the best way to do the experiment was to

mount 4 photomultiplier tubes on the columns supporting the roof of the

bubble chamber room.  The photomultipliers would look for the Cherenkov

radiation which the monopole emits when accelerated by the fringing field

of the bubble chamber.  The photomultipliers would be shielded from the

room lights by "black" filters which transmit only ultraviolet Cherenkov

light.  A recent visit to NAL convinced us to abandon this scheme in favor

of a more conventional light-tight box.  However, the basic idea of·

shielding photomulti-liers from visible light was successfully tested and

is now being written for publication in Review of Scientific Instruments.

We have continually endeavored to design the apparatus so that it

will not interfere with any bubble chamber operations.  We have now

developed a working relationship with members of the bubble chamber staff

and are hopeful that the proposal will receive favorable attention at the

Program Advisory Committee meeting   in  July.

(5) "Static" Electric and Magnetic Fields Near a Beam Line of

Relativistic Charged Particles -- D. F. Bartlett in collaboration with

D. F. Sutter, NAL .  The experiment was proposed to NAL in February 1972

and was summarized in our last budget proposal.  At the suggestion of NAL's

Program Advisory Committee, E. M. Purcell reviewed the proposal.  He

observed, correctly, that a search for anomalous long-range electromagnetic

fields could best be done near the most ultra-relativistic charged beam

4                                                   ·



line independent of the nature of the particle.  Hence we rewrote the

proposal and are submitting it to SLAC, where we decided to embark on a

more modest project.  We are going to investigate whether div E=0 near a

beam of ultra-relativistic electrons.  The future experiments in this line

of investigation will depend on the results of the.first test.

(6) Study of Exchange Mechanisms in the Reactions SLAC'proposal #92 --

**
(1)       KLP  - *SP (3)       KLP  -*   K    (890) p

* *

(2)  KId - KSd (4) K   d   -4   K    (890) dL

D. McQuate, R. Messner, R. Morse, M. Mugge, U. Nauenberg, in collaboration

with D. Hitlin and J. Liu, Stanford University and SLAC, and P. Condon,

University of California at Irvine.

A year ago we proposed a detailed study of the above reactions using

the K  neutral beam spectrometer facility and the 15-inch rapid-cycling

bubble chamber.  This experiment is now approved by the SLAC program advisory

committee and is progressing satisfactorily.  Data taking should begin

towards the end of this year.

The rapid-cycling bubble chamber has now operated in h satisfactory

manner  at - 20 cycles/sec  and is being tested presently  at 30 cycles/sec.

The curved proportional chambers to be built at Colorado are moving ahead.

A prototype has been built and tested successfully.  This will be discussed

in detail under the section on equipment development.

The purpose of the experiment is to study the S (total center of

mass energy) and t (momentum transfer) dependence of the above reactions

in order to obtain information on the exchange mechinisms in the processes.

This should lead to an understanding of the Regge Trajectories and their

residue functions.
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We hope to take 1.6 M pictures in one cycle which would yield
*

42,000  K  p -• K  p events and 320,000  K p 4. K· (890) pevents.

(7) Detection of the KS 4 kill- Decay -- NAL proposal #160 -- David

McQuate, Robert Morse, Marshall Mugge, Uriel Nauenberg and Tai-Ho-Tan.

Because of the large backlog in NAL experiments the Program

Advisory Committee has deferred action on this proposal.  Since then new

measurements on the KL 4 % g- decay seem to show that the anomaly in the

KL = 11+11- decays was really an experimental mistake.  If ss it makes the

search for the Ks 4 U+11- decay less urgent.  Nevertheless it is important

to search for this decay and we propose at present to keep the proposal

active.  This summer we plan to study the feasibility of also measuring the

Ks 4 Yy decay mode in the same beam by using lead glass counters.

6



II.  Equipment Construction

2
(1) Construction of a Winding Machine for a Maximum of 1 Meter  Wire

Planes -- We have built and operated successfully a winding machine that

2
can simultaneously wind 4 planes 1 m  in area.  We have already wound 2

planes on this machine.  These 2 planes will be used as the high voltage

2
planes of 1 m Proportional Chambers.  The wires are  3 mils in diameter.

We checked the uniformity of the tension of the wires using a capacitor on

which a variable AC voltage is applied and we observe at what value of the

frequency the wires start oscillating.  This method was used at Chicago.

The tension was uniform to - 5%.  We are attaching a picture of the device.

The device that keeps the tension constant is a very simple pulley

attached to an arm.  This arm drives an electric circuit which gives a

feedback signal to a motot that controls the rate at which the wire spool

rotates.  Attached to the pulley is a bottle of water whose weight controls

the tension in the wire.  This device operated extremely well during the

winding process and kept the tension quite uniform.  An internal report

on the operation of this device is being prepared.

(2) Construction of a Circuit Board Etching Facility -- In the process

of constructing proportional chambers and its related circuitry we needed

some etching done on Copper clad G-10 material.  Upon requesting cost

estimates from the industry we found the cost prohibitive.  We decided at

this point to investigate the possibility of doing our own work and found

to our surprise that making excellent quality circuit board etching is

very easy and inexpensive.  The work is done by our own graduate students.

Mr. Marshall Mugge constructed this facility and has done all the etching

so far.  We are attaching a photograph of the etching done for the curved
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Charpak Chambers which will be discussed next.  This etching as can be seen

is of excellent quality.  We are including an internal report that describes

the process (COO-2114-6).

(3) Construction of Curved Proportional Chambers for Use in SLAC

proposal #92 -- A total of 5 multiwire proportional chambers are required

to fit the inside of SLAC's Rapid Cycling Bubble Chamber.  Two planes will

be upstream of the chamber and three planes will be downstream.

A total of 320 wires/plane will be read out of an active area of

5 1/2" high, covering an arc of 25.0 The radius of the arc is 11.8"." long.

The separation between the high voltage planes and the readout planes is

6.2 mm.  The high voltage planes are made out of double copper clad G-10

total thickness 6 mils.  Each high voltage plane is etched into 6 horizontal

strips as shown in the photograph.  Each strip is connected to the high

vdltage through a 20 Megohm resistor.  In that way we can avoid discharge

of excessive power due to a breakdown.

The read out wires are of Stainless Steel .8 mils in diameter.

They are separated by 2 mm. and have a tension of 61 gms.  These wires are

epoxied and soldered to the art work as shown in one of the photograph.

The signals from these wires have to be transmitted to the electronics and

this is done by sloting the readout G-10 board so that a straight edge

connector can be attached at various places along the curved chamber.  This

technique works very well.  One such connector (Cinch  50-50-A-40  ) is

shown in the photograph.

In order to accurately keep the curved form of these chambers the

chamber is built out of 1/16" G-10 strips which are laminated to a total

thickness of .24". Then the readout and high voltage planes are glued to

these laminated curved strips.  Because these chambers may be exposed to

8



very cold temperatures since  they  are  near- a bubble · chamber  we  used  an

epoxy (Aerospace Adhesive EA 934 made by Hysol) that holds down to very

cold temperatures.

We tested the mechanical structure of these chambers by dumping

them a few times in a liquid nitrogen bath.  There was no apparent

damage to the epoxy bond.

The final chamber was electrically tested and was successful.

We were able to get easily 15 microamps of current with a rise time of

about 50 nsec.  The amplifiers can be easily driven by 5 microamps.  The

chamber is presently at SLAC being installed in a beam to check its

trigger efficiency.

A report of this work is being prepared for publication in

Review of Scientific Instruments.

(4) Development of Circuitry to Read Out Proportional Chambers. --

We have presently developed an amplifier using the 710 voltage comparator

that has performed adequately in the readout of the SLAC curved chambers.

This amplifier is prone to oscillations due to noise pickup by the chambers

so they have to be well grounded.  We are developing presently a readout

system that consists of the amplifier, a signal delay, and a shift register

element for each wire, a controller for each plane's shift register.  In

addition we are designing an interface between this readout system and the

PDP 15.  An internal report describing this is being prepared.

A diagram of the amplifier circuit, as presently designed is shown
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below.
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