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ABSTRACT

The method of Donoho and Walker (1) for measuring K particle
photoproduction has been improved in order to provide a clearer
identification of the K mesons and to allow measurements at a more
forward angle, 10° in the laboratory. Charged particles produced in
a liquid hydrogen target by the bremsstrahlung beam were analyzed by
a magnetic spectrometer. The K+ particles were identified by a time
of flight velocity measurement combined with a measurement of the
correlated pulse height in three scintillation counters. A lucite
éerenkov counter was used to veto fast particles (m, 4/, and e) and
various counters were positioned in the magnetic field to eliminate
particles that might scatter off of the pole pieces.

The results obtained are in good agreement with an isotropic
angular distribution for the v + p — K+ + /\o reaction at a photon
energy of 1000 MEV and in good agreement with the revised Cornell (2)
data at 1010 MEV.

A cross section for the reaction y+ p — K’ + =° was
measured and found to be somewhat smaller than the corresponding /\O
cross section, but the large statistical errors on this one ZO point

make any further analysis difficult.
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INTRODUCTION

In 1935 Yukawa, in attempting to explain nuclear forces,
proposed the existence of a strongly interacting particle of short
lifetime and mass intermediate between an electron and nucleon.

Soon after the A4/ meson, a particle of short lifetime and intermediate
mass was discovered. However further investigations showed that the
A/ meson could not be considered to be the Yukawa particle because it
interacted weakly with nuclear matter. In 1947 the ™ meson was
discovered by Powell and further investigation showed it to have the
properties predicted by Yukawa.

In subsequent cosmic ray studies many curious events were
observed that could not be explained by any known particle. These
events were attributed to new particles that interacted strongly with
matter, were produced abundantly, and decayed in times between 10“8
and 10-10 seconds.

This posed a formidable problem because the characteristic
interaction time of strongly interacting particles is of the order of
10-.20 seconds, while the decay times of these new strongly interacting
particles indicated a weak process was taking place.

A solution, suggested by Pais (4) was that these particles
could only be produced in pairs (associated production) and this was
soon confirmed experimentally.

Gell - Mann and Nishijima (5) then proposed a new quantum

number, strangeness (S) which was conserved in all strong (nuclear
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and electromagnetic) interactions, but was not conserved in the weak
interactions presumably responsible for the decays of these new
particles. The /\ , = and = hyperons (particles more
massive than nucleons) were assigned strangeness -1, -1 and -2
respectively while the K+, K® and K~ K° mesons were assigned
strangeness +1 and -1 respectively. This scheme allowed K' and
K° mesons to be produced in association with the /\ and S
hyperons and accounted for the observed preponderance of K+ mesons
over K mesons.

In addition this theory predicted two new particles, the > ©
and = © which have since been discovered.

A great deal of work has gone into determining the properties
of these strange particles and numerous experiments have been
performed on their production and interaction with matter in an effort
to determine the role they play in nuclear forces. No evidence for
any violation of strangeness conservation in nuclear interactions has
been observed in any of these reactions.

In investigating the interaction of high energy photons with
matter much has been learned about the ™ meson and nuclear forces.
It was hoped that if K mesons could be produced by photons, the
study of these reactions might provide valuable information about

the nature of the strange particles and their mutual interactions.
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If the rules of strangeness were violated, K+ mesons from
the reaction y + p ——->K+ + n° should be seen at photon energies
above 630 MEV. If AS = 0 for electromagnetic interactions then a
photon energy of 910 MEV is required to obtain K mesons from the
reaction y + p .->K+ + /\O, and higher energies are required for the
reactions involving the = hyperons.

The preliminary work on K+ mesons done by Donoho and
Walker (1) in this laboratory has shown that K particles can be
produced by high energy photons. An upper limit on the yield for the
strangeness violating reaction y + p — K+ + n° was set at 5 %o of the
yield for the reaction y + p -J—K-I_ + A° ‘Cross sections were obtained
for the latter reaction at several angles and energies using a magnet,
three scintillation counters and a time of flight measurement to detect
the K mesons. Donoho and Walker were able to obtain an excitation
function at 90° in the center of momentum system which seemed to rise
linearly with the K particle momentum, as opposed to a p3 or a p5
dependence. However, these results were not conclusive due to the
poor statistics obtained.

The angular distributions appeared to deviate from isotropy,
but again the statistics made any analysis subject to large uncertainties.
In addition there was the possibility of error due to identifying a pion

‘or scattered proton as a K meson, and uncertainties in the efficiency
of the time of flight circuit.

The differential cross sections obtained for strange particle

production were of the order of 0.15 4 barns/ster, about a factor of
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100 below the pion cross sections. This made the experiments
difficult due to the low counting rates and the large background from
pions and recoil protons.

The purpose of the present experiment was to obtain better
statistical accuracy, extend the angular distribution to more forward
angles, provide a more positive identification of the K mesons, and
obtain information concerning the reaction y + p —,K+ + = °.

Work of a similar nature is being conducted at Cornell
University (2). Their angular distribution at 1010 MEYV is isotropic,
but at 980 MEV it deviates from isotropy at forward angles. The data
taken below 1000 MEYV are consistant with a linear dependence upon
momentum for the cross section, while the points taken at 1006, 1010,
1032 and 1066 MEYV have the same cross section well within the
statistical accuracy of the experiment.

Cornell has in addition obtained a cross section for the
Yy+p —-;K+ +§'0 reaction at one point. The value of this cross section
is 60 %o of the value of the cross section for the corresponding point
of the y+p — K" +A © reaction.

Most of the properties of the strange particles are well known,
with the exception of their parity and magnetic moments. The evidence
concerning the spin of these particles is very good for an assignment
of zero for the K and i for the A ©. The evidence points toward a
spin % for the = as well, but it is not as strong (6).

The hyperon magnetic moments have been the subject of some

theoretical speculation (7) but at present no experiments designed to
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measure these moments have been performed.

The evidence concerning the relative K-hyperon parity is very
poor, but it does tend to favor the pseudoscalar case over the scalar.
It was hoped that the data obtained in this experiment might shed some
light on the subject.

The equipment used by Donoho and Walker (1) was modified so
as to eliminate most of the pions and scattered protons, a trouble in
their experiment, and to allow data to be taken at angles as small as
10° in the lab. In addition, the apparatus was carefully calibrated and
continuously monitored to reduce the possibility of errors arising from
drift in gains or shifting biases. The equipment consisted of a
magnetic spectrometer which focused particles of a given momentum
into a system of three scintillation counters, absorbers, and a
Cerenkov counter. A counter was placed in the aperture of the magnet
to serve as the first signal for a time of flight measurement circuit
and, for a portion of the experiment, this counter also defined the solid
angle of the spectrometer and eliminated particles which might scatter
from the pole faces of the magnet. For the remainder of the experiment
a larger counter was placed in the aperture of the magnet and the
magnet was lined with a series of thin counters in a manner such that
they would produce a signal every time a particle scattered off the pole
faces. Because the magnetic field of the spectrometer swept away low
momenta particles, it became possible to work at very small forward
angles without placing absorbers in front of these aperture counters

or having them "jam'' because of too high a counting rate.
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The results of this experiment are coﬁsistent with an isotropic
angular distribution at a photon energy of 1000 MEV. The revised
Cornell data at 1010 MEV seem. to confirm this and agree well with
the data obtained in this experiment.

There remains however, a discrepancy due to the low values
-of the cross“section obtained by Cornell at 980 MEV. The disagree-
ment is worse at forward angles where it amounts to almost a factor
of two.

.The results obtained cannot be interpreted as favoring a
scalar or pseudoscalar meson, and further work must be done to
obtain information about parity.

Because of the large statistical error on the one = point
taken, no conclusions about this reaction can be reached, other than
noting that the cross section appears somewhat smaller than the
cross section of the /\ °© point with the same K+ ‘momentum in the

center of momentum system.
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II. EXPERIMENTAL METHOD

The measurement of the differential cross sections for photo-
production of K mesons involves the determination of the number of
K particles emitted from a target with a given momentum at a given
angle per unit of beam passing through the target.

Since the photoproduction of K+ mesons in association with A °
hyperons is a two body reaction, it is sufficient to measure the angle
and momentum of the K meson in order to specify all the other
quantities in the kinematics, as long as no other reaction producing K+
mesons is energetically possible.

This is accomplished by keeping the peak energy of the
Synchrotron just above the energy of the photons producing the K mesons
being detected.

If the Synchrotron energy is raised somewhat higher, it then
becomes possible to detect the K's from reactions such as
y+p —> K" + = ° with reactions like Y+p —K'+ K+ p still
energetically forbidden. However, when K particles from the =
reactions are being detected, K mesons from a /\ © reaction of a
lower photon energy are being observed also, and add to the counting
rate,

In order to determine the reaction a specific K" meson comes
from, information about the photon producing the reaction or informa-
tion about the other reaction product must be obtained.

The = o.hyperon decayé into a /\oand y ray in about 10” 20

seconds, (a theoretical estimate) at which point it very closely
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resembles in energy and angle a N from the other possible K+
reaction. The A © in turn decays quickly (10"]‘0 sec. ), and there is
little hope of discerning one reaction from the other by detecting the
/\o decay products with counters.

The y ray from the o_/\o transition is emitted almost
isotropically in the lab, and even if it were detected with some reason-
able efficiency, photons from sources such as decay of the 7° mesons
( /\0 — n+ ',q'o, 37 0/o) would produce an appreciable background.

The method of determining the photon energy was used
successfully by doing the experiment at two energies and then sub-
tracting the counting rates. The major disadvantage of this system is
the poor counting statistics obtained when two numbers of comparable
magnitudes were subtracted.

. A magnet and a series of counters were used to define the angle
-and momentum of the particles emitted from the target, but the actual
identification of the individual K mesons as they pass through the
equipment was difficult due to the large number of other particles
emitted with the same momentum at the same angle.

At a typical point, the ratio of protons to pions to K mesons
counted was 2000:1000:1. With the normal beam intensity, the counting
rate for K mesons was several per hour. Because of these two
factors, the equipment used to detect the K mesons had to be both very
selective and very efficient.

To determine what particle has traversed the system, it is

sufficient to identify one of its unique properties such as mass, lifetime,
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or decay products. Once the momentum is specified by the magnet and
counters, the mass can be determined by a velocity measurement.

To determine the velocity of a charged particle, scintillation
counters were used since the energy loss of a particle is a function of
its velocity. However, the energy loss of a particle in a counter and
the associated conversion of this into useful information are subject
to a statistical fluctuation which causes some loss of velocity dis-
crimination. Because of this fluctuation there is a small probability
that a pion may be indistinguishable from a K meson on the basis of
energy loss. ' Since there were hundreds of pions per K, if some
additional means of discriminating against pions were not used, the K
identification would be in considerable error. Donoho and Walker were
able to reduce the w to K ratio considerably by the use of a time of
flight circuit and then correlate the pulse heights in the three
scintillation counters to distinguish the K's from the pions.

In the present experiment a éer’enkov counter has been added to
the time of flight to help eliminate the pions and the combined effect of
these two devices succeeded in eliminating all but about one per
thousand of the minimum ionizing particles passing through the system.

A second difficulty concerned protons of higher momenta which
scattered off the pole pieces and through the counters with a velocity
similar to that of the K mesons.

In the early part of this experiment these scattered particles
were largely eliminated by positioning a narrow counter in the

aperture of the magnet and requiring all accepted particles to produce
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a signal in this counter. During the later runs, the magnet pole face
was lined with scintillating strips which produced a signal when a
particle scattered from the pole face.

The block diagram of the electronics used is shown in
figure 1. The outputs of the three scintillation counters, the time of
flight circuit, and the Cerenkov circuit were fed into a multi-channel
discriminator and a coincidence circuit. The output pulse of this
circuit was used to trigger an oscilloscope upon which several signals
were displayed and to advance the film in a camera which recorded the
scope trace.

The signals usually displayed on the oscilloscope were the
outputs of the three scintillation counters and the time of flight circuit.
Each of these four pulses provided an amplitude which was related in
a known manner to the velocity of the particle passing through the
equipment. By photographing each trace it was possible to correlate
all four signals in an attempt to insure that each event was properly
identified. When the anti-scattering counters lining the magnet pole
face were in use, their output pulse was displayed on the trace also.

Before and after each K meson run, a pion calibration run
was taken by setting the time of flight circuit to the proper delay and
placing the 5erenkov circuit in coincidence, not veto. Apprommétely
100 pion pictures were taken each time and in this way the time of
flight circuit and the three scintillation counters were kept under
surveillance as to efficiency and shifts in gain. From the data
obtained in these calibration runs, pulse height criteria could be set

for the K runs.
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FIGURE 1

BLOCK DIAGRAM OF ELECTRONICS

"Fans' refer to the anti-scattering counters installed on the

pole faces of the magnet.
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III. EQUIPMENT

A. The X-Ray Beam and Hydrogen Target

The Cal Tech Synchrotron is a circular electron accelerator
producing photons of energy up to 1.1 BEV. The machine is pulsed
once a second and the emergent bremsstrahlung beam has an average
energy of approximately 10 MEV per pulse. The magnetic field used
to contain the electrons rises linearly to a peak field of 14 kilogauss in
a quarter of a second, except for a 20 millisecond 'plateau' during
which it remains constant. During this constant field period the radio
frequency accelerating voltage is reduced and the high energy electrons
spiral into a radiator of . 2 radiation lengths in thickness, to produce
the bremsstrahlung beam. The magnetic field is measured during this
plateau period and from this measurement the energy of the electrons
striking the radiator is determined.

Upon emerging from the machine, the beam passes through a
primary collimator, several scrapers, sweeping fields and targets
before striking an ion chamber located in the lead beam catcher
(figure 2).

The spectrum of the bremsstrahlung has been measured by
Donocho, Emery, and Walker (8) and the value obtained for the peak
energy agrees with the magnetic field measurement to about }2. ®6o. The
épectrum determined the quantity B(Eo, k/Eo) to be equal to 0. 9 in the
range of interest in this experiment. B(Eo’ k/Eo) is defined by the
expression n(k.) dk = w B(Eok/Eo)

E
o]

ik where n(k) dk is the
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FIGURE 2

PLAN VIEW OF EXPERIMENTAL AREA
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number of photons in the interval k to k + dk for a beam of total energy
W and peak photon energy Eo'

The total energy in the beam, W, was measured by the thick
ion chamber which the photons strike. This ion chamber has been
calibrated by R. Gomez (9) using a quantameter designed by
R. R. Wilson (10). The absolute calibration of the chamber obtained
was 4.93 x 10°8 D MEV/coulomb at 0°C and 760 mm.. Hg.

The value D is the dependence of the chamber upon peak photon

energy and is given in table 1.

TABLE I.

Dependence of W on Peak Photon Energy

Peak Energy (MEYV) D
900 1. 020
1025 1. 063
1072 1.076
1080 1. 080
1115 1. 090

The charge produced by the ion chamber was measured with a
precision integrator which would reset to zero when the charge
reached a certain value. Every time the integrator reset,one bip
(beam integrator pulse) was recorded.

The integrator was calibrated several times in the course of

the experiment. For the initial runs it was . 221 x 10-6 coulombs /bip.
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For the later runs it was . 218 x 10_6 coulombs/bip. The values for
W and n(k) corrected for temperature, pressure, energy and the

integrator appear in table II.

TABLE II

Value of n(k)

Run E_ w B k  nk)= EVY; B_(Eo,k/Eo)il{—
Initial 900 1. 245%x101 2 1000 k > E_)

1072 1.33x101% 1000 1. 100x10°
Later 900 1. 233x101 2 1000 (k> E)

1025 1. 281x10%2 953 1. 180x10°

1080 1. 306x1012 1000 1. 087x10°

1115 1.336x10°2 1073 1. 001x10°

When the runs were taken at 10°, the beam intercepted the
magnet and consequently it was necessary, in order to monitor the
beam, to mount an ion chamber in front of the magnet. Because of the
slight divergence of the beam, the ion chamber on the magnet might
have intercepted more of the beam than the ion chamber located in the
beam catcher. This effect was measured experimentally using a thin
ion chamber as émonitor. For the first set of runs the effect was

o .
2 "/o. During the course of the second set of runs, two measurements



~-18-

were made, each producing a 10 ®/o effect. This was repeated later
and a 5 0/o effect was measured. The same effect was very carefully
checked by Gomez at a later date and he found it to be at most 1 /o.
Since this discrepancy has not been resolved, a value of 5 °/o has
been assigned to the two runs (k = 953 MEV, 1073 MEV at 10° 1ab)
with a large error (5 %/0), and a value of 2 %o to the first run

(k = 1000, 10° 1ab) with a 1 %o error.

At the 1115 MEYV point a fraction of the electron beam spiralled
into the radiator before the plateau, and this was monitored by photo-
graphing a scope trace displaying the aperture counter dynode voltage
and the magnitude of the magnetic field. Since the time constant of the
dynode was long compared to the beam pulse, the fraction of beam
radiated at any time was the ratio of the dynode voltage shift at that
time to the total shift in dynode voltage. This early beam dump
decreased the counting rate at this point by approximately 13 O/o.

The hydrogen target used in this experiment was designed by
V. Z. Peterson and a simplified drawing of it appears in figure 3.

The liquid hydrogen was contained in a thin walled mylar cylinder

(the appendix) 3" in diameter. Concentrically around the cylinder were
several very thin foil radiation shields and a thick (25 mil) mylar wall
as the outside wall of the vacuum system. The width of photon beam
was 43 cm. and the height was 51 cm. when it passed through the
target. By measuring the beam density distribution at the target by
photographic means, the effective target length was determined to be

7. 23 cm.
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B. Magnet
The magnetic spectrometer used in this experiment had a wedge
shaped uniform field and was capable of focusing particles up to a

momentum of 600 MEV/C. The path length between foci was 165 inches

AP

P
o]

a scintillation counter placed near the rear focus. The value of the

and the momentum dispersion,

= .10, was fixed by the width of

magnetic field could be determined to 0. 1 per cent by lowering a
proton resonance probe into the magnetic field.

The nominal solid angle, . 00785 ster., the central momentum,

P ,and the momentum dispersion, were determined by the use of

P
o

a floating wire technique. These measurements and other properties
of the spectrometer are described in a Synchrotron Lab report wﬁtten
by P. L. Donoho (11) and revised by ¥. P. Dixon. A cross sectional
view taken through the median plane is shown in figure 3.

The effective solid angle of the magnet was changed by the
positioning of various counters, and this will be described in a later

section.

C. Scintillation Counters

There were three large scintillation counters placed inside the
lead and steel counter housing at the focus of the magnet. They
consisted of rectangular slabs of polystyrene base plastic scintillator
with two lucite light pipes glued on the ends. A phototube viewed each
lightpipe and the tubes were placed in concentric mumetal, Fernetic

Co-Netic and soft iron cylinders, to prevent the magnetic field of the
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FIGURE 3
EXPERIMENTAL ARRANGEMENT

A cross-sectional view taken through the median plane of the magnet.
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spectrometer from reducing their gain. The magnetic and electrostatic

shielding is shown in figure 4. Table III describes the counters.

TABLE IiI

Description of Scintillation Counters

Counter Scintillator Size {Inches} Photomultiplier Tubes Used
C-1 5. 75x10x0. 78 2 RCA-6655
C-2 4,75x11x0.78 2 RCA-6810A
C-3 5. 75x11x0. 39 1 RCA-6655
1 RCA-6810

The RCA 6810 tubes were used where large signals were needed
to drive fast coincidence circuits without the use of additional amplifiers.
The V'slow" signals from the two tubes on each counter were

M

added and shaped in a preamplifier mounted on the magnet frame. The
resultant shaped pulses were amplified and fed into a six channel gated
discriminator and then a slow (. 154sec. ) coincidence circuit. After
amplification the pulses were also fed into a delay and mixing network
so that they might be displayed on an oscilloscope.
The signal produced by a scintillation counter is proportional to
the energy a particle loses in traversing the counter. This would

. . . » o g on
provide a good measure of the particle velocity if the counter

£

resolution were perfect, and if there were no statistical fluctuations in

the energy loss.



FIGURE 4
MAGNETIC AND ELECTROSTATIC SHIELDING

OF RCA 6810 PHOTOTUBES

The tube is wrapped in a thin aluminum foil {not shown here} to
act as an electrostatic shielding. This foil, the mumetal cylinder, and
the metal collar are raised to a high potential by the thin wire which
is connected to pin No. 1.

In the tube base pin No. 1 is connected to the cathode voltage by

a 10 MEG resistor.
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the increased difficulty encountered due to the large size of the counter
and the special high voltages needed.

The spectra of pulse heights produced by 500 MEV/C protons
for this counter and a normal 2 cm. counter are shown in figure 5.
When pions were investigated, the thin counter performed as well as

the thick counter.

v
D. Cerenkov Counter

The Cerenkov counter was a well polished 1%“ thick piece of
U. V. T. lucite viewed from both ends by R. C. A. type 6810A photo-
tubes. For a particle of charge Z and velocity B going through a
medium of refractive index n, Marshall (13} gives the following
formulas for the number of photons in a frequency range A Y and

their direction relative to the particle velocity.

=4ma® S Ay (1- L)
hc 87n
1
cos @ = mﬁn
A highly relativistic particle (B = .95) passing through this

counter normal to the face, will produce approximately 760 photons
in a wave length range that an S-11 photo cathode will respond to.

; ‘ o , . . e e
The photons would be emitted at 45~ to the direction of the incident

i -0 A 1 %
particles and at 45~ to all the faces of the rectangular shaped counter,

if the particle entered normal to the face. Lucite of refractive index
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FIGURE 5
PULSE HEIGHT SPECTRA FOR PROTONS OF MOMENTUM,

P = 500 MEV/C
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1.5 has a critical angle for internal reflection of 41. 8° and consequently

the Cerenkov light will totally reflect off of every face of the counter

in optical contact with air and produce a very high light gathering
fficiency.

The counter was wrapped in black paper so light that did not
totally reflect, but escaped the counter, would not be reflected back
into the counter or toward the cathode. This was done in an attempt
to reduce the efficiency for particles of < .9, since they produce
light in a more forward direction which hits the large faces of the
counter at angles less than 41°. It was hoped that the black paper
would also reduce the efficiency in counting slow particles which might
have induced the lucite to scintillate weakly.

The signal from the phototubes was amplified by a Hewlett
Packard Model 460A amplifier and then placed in fast (20m # sec. }
coincidence with the signal from a scintillation counter. The
efficiency of the Cerenkov counter for a 2 = .95 particle was estimated

in the following manner.

Photons produced in desired spectral range 760
Light gathering efficiency 26 O/

ignt gawn g CY O
Photons striking cathode in desired spectral range 200

. o
Average cathode efficiency over this range 5 /o
Average number of electrons produced by cathode 10
10 10%

Using the Poisson formula, f£{x) = ~§——X—,—-——~ . to determine

the probability of getting x electrons, the efficiency of the counter

can be estimated if it is assumed that a signal of n or more elecirons
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from the cathode will trigger the coincidence circuit.

TABLE IV.

-
Photo-electrons Produced vs. Efficiency for Cerenkov Counter
h/

n Efficiency %o
0 100

1 99. 99
2 99. 95
3 99.7
4 98. 9
5 97

6 93

7 87

8 78

9 66

. s . 7 .
Assuming an electron amplification of 10 for the phototubes,
1 1 3 - 5 o ?
each electron from the cathode will produce a pulse of 10 electrons
-9 9 . s
of 3 x 10 seconds duration at the anode. The anode capacities were
. -11 . . ; A . .
of the order of 10 farads and the signal cable and terminations
{in parallel) were 180 ohms each.

At the output of the HP amplifier of gain 10, the single electron
signal would be about . 2 volts which was nearly what was required to
turn off the tube in the coincidence circuit. This would lead to

o s . e o . .
efficiencies in the high 90 /o range. The experimentally measured

values are shown in figure 6.
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FIGURE 6
v
EFFICIENCY OF CERENKOV COUNTER FOR DETECTING

PARTICLES OF VELOCITY /A
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The number of particles of velocity below the Cerenkov
threshold that would be detected, can be estimated if it is assumed
that the lucite does not scintillate at all. The probability for a
particle of zero spin and B = . 65 to knock out an electron of sufficient

v
energy to emit Cerenkov light can be calculated using the formulas
given in Rossi's book (14). This calculation shows a 50 °/o probability
of this occurring in a 4 cm. lucite counter, but the range of these
electrons is in the order of millimeters, whereas the pions normally
detected give out light for all 4 centimeters. In order to have a
reasonable chance of being detected, the particle would have to knock
out very many electrons.

From this analysis, an upper limit of a few per cent can be
put on the detection due to these knock on electrons.

The output of the Cerenkov counter was placed in fast
coincidence with the output of C-3 in an effort to reduce the possibility
of accidental events being caused by noise generated in the phototube.
Because of the low light levels encountered in Cerenkov work, high
gains were required to obtain the high efficiency desired, and even a
single thermal electron emitted from the cathode could produce an
appreciable signal. In an attemnpt to reduce the noise problem further,
the phototubes to be used were carefully selected to have a very low
noise level, and they were always run at voltage less than 2000 volts.
The coincidence circuit used was model 10-T-359 and it was equipped
with "infinite'" {terminated with the characteristic impedence of the

cable} clipping stubs, providing a time resolution determined by the
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length of the phototube pulses. Shorter clipping stubs were not used in
an effort to insure high efficiency and because the accidental rate did
not have to be reduced further. An upper limit on the accidental rate
was set by the experimentally determined detection efficiency for

v
protons of a velocity below the Cerenkov threshold.

A series of experimental runs was taken to determine the
efficiency of the Cerenkov counter as a function of particle velocity.
The particles used were pions, and in some cases there was a slight
electron contamination. This did not make any appreciable difference
at the higher velocity points, but at the f = .7 and .75 points where
the pion counting rate was very low, the results obtained must be taken
as an upper limit. One point (§ = .5) was taken with protons as a check
to see if weak scintillations were causing particles to be detected, and
this does not appear to be the case. The results of these runs appear
in figure 6.

F. P. Dixon checked the efficiency for this counter using
protons and pions with the high momentum magnet, and the results
are in substantial agreement. The efficiency he measured for the

. o}
B = .7 protons was approximately 2 “/o.

E. Counters Designed to Eliminate Scattered Particles

One of the principal sources of false K-like particles came {rom
protons of momenta other than the momentum for which the magnet was
set. These particles could scatter from the pole pieces, lead slits or

apertures, and pass through the scintillation counter. Any such
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particle having a velocity comparable to the K velocity could produce
an event indistinguishable from the real K meson events.

In an attempt to eliminate these scattered particles a counter
was designed to fit into the aperture of the magnet. The geometry of
this counter was such that any particle emitted from the hydrogen in
the target and passing through this counter could not strike the pole
tips or the lead slits. The counter was located 61" from the center of

the target and was trapazoidal in shape. Its dimensions were as

follows:
Thickness 1/4n
Height 12-5/8"
Top Width 5/8"

Bottom Width 1-31/32"

Since the counter defined the aperture of the magnet (and the
solid angle}, it was possible to remove the lead jaws, which were used
to define the vertical aperture and eliminate another possible source of
scattering.

Unfortunately, protons emitted from sources other than the
hydrogen in the target, such as the target walls and air path, could
pass through this counter and scatter into the detectors. When empty
target runs were taken, the number of scattered protons counted was
the same as the full target counting rate within the statistical accuracy.

A second disadvantage of this system was that it reduced the
counting rate by a factor of two, due to the shape and size of this

aperture counter.
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Because this counter was placed within the magnetic field,
the very low momenta particles emitted from the target were swept
away before they could reach it. The resultant reduction in counting
rate allowed experiments to be conducted at angles as low as 10° in
the laboratory, with no absorber required in front of the counter. In
a previous experiment {1} at 150, with a conventional counter outside
of the magnetic field, it was necessary to use 3" of carbon absorber.
This magnetic sweeping effect was verified by measuring the counting
rate in the aperture counter, with and without the magnetic field. At
small angles this ratio was the order of 1 to 8. To insure that this
was not due to the effect of magnetic field on the phototube, a cobalt
source was measured with and without the field, and the pulse heights
showed no change at the field strengths used.

The equipment was revised in an attempt to eliminate
scattered particles from all sources, increase the counting rate and
still retain the advantages of a front counter located in the aperture of
the magnet.

R. L. Walker suggested a system where a series ofthin
counters would be installed along the magnet pole pieces in such a
manner that any particles scattering from the iron would produce a

al in the counters.

An arrangement of four scintillating strips on each pole face,
designed by A. M. Wetherell and built by J. Boyden, was installed in
the magnet and proved successful in eliminating most of the scattered

particles. The four sirips were individually joined to light pipes and
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the other end of the four light pipes placed in optical contact with the
face of a 6810 photomultiplier tube. Because the strips appear to fan
out from the phototube, they were called 'fan counters' and will he
referred to as such hereafter. The four strips were positioned (figure
7 and 8) in such a manner that no particle produced in the hydrogen
could scatter off the pole face into the rear counters and not pass
through a strip. However, there was still a very slight chance for a
particle produced elsewhere to scatter into the detectors and
consequently some scattered particles appeared in the K runs.

One of the problems concerning the fans involved the phototubes
working in the high magnetic fields near the coils. Figure 9 shows
the magnetic shielding used in an attempt to minimize the change in
gains due to the field. At full magnetic field the pulse heights were
reduced by no more than 20 C)/o of their no field value.

A second problem was the light absorption in a long length of
the scintillator. By using a cobalt source, the relative pulse heights
from points A and B in figure 8 were measured and found to be of the
order of 2 to 1. This meant that only 50 ®/o of the light was being
lost in transmission, a figure well within the acceptable range.

The pulse height with the source at point B was compared to
the pulse height obtained by placing a piece of the same scintillator in
optical contact with the phototube. This ratio came out 1 to 10, and
at present there is no satisfactory explanation of this apparently large
loss of light. However, there was still sufficient light transmitted to

allow the phototubes to run in their normal voltage range (1900 volts)
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FIGURE 7

POSITION OF FAN COUNTERS (SIDE VIEW)
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FIGURE 8
POSITION OF FAN COUNTERS (TOP VIEW)
The rays indicated in the figure are the limiting trajectories

for particles emitted from the hydrogen and the outer target walls.

Fringe field focussing has been neglected.
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FIGURE 9

MAGNETIC SHIELDING OF FAN PHOTOTUBES

The shielding within the soft iron cylinder is very similar to
that shown in figure 4 and consequently has not been reproduced here .
in detail. Additional ""caps' of Fernetic foil and mu metal were
added as shown in an attempt to prevent the flux from penetrating the
phototube.

The two layers of thick soft iron shielding enclosed both tubes

and the light pipes emerged through square holes.
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