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R. K. Wakerling

The Bevatron. W. Brobeck, A review was given of the present design status of

the bevatron to be constructed in this Laboratory. The design of the.m@gnet has
been decided upon and an order placed for 9,000 tons of steel with delivery
probably late next summer. The cross section of the magnet is shown in Figures

1 and 2 for the two positions of the coil windings. It is the present intention
to wind the coils first in the position shown in Figure 1 without pole pieces so
that the entire gap may be used, This should give protons of energy 1.5 Bev.

If it is found that this arrangement will operate satisfactorily and that the prob-
lems of injection and aéceleration of the beam can be solved, thé innér coil will
be re-wound in the position shown in Figure 2 and the pole pieces put in place.
With this arrangement it should be possible to achieve a proton beam of energy
somewhat in excess of 6 Bgvn In both of these plans the protons will be injected
at an energy of 4 Mev. The building to house the instrument is shown in cross
section in Figure 3.

It is the present intention to build a quarter-size working model of the
instrument in the form shown in Figure l. The object in déveloping the model is
to show that the protons can be injected and accelerated in such a machine and
that stable orbits exist. It is expected that construetion of the model will
start in about one month and that it will be ready and operating by the coming

W .
April. Protons will be injected at l/ziMev and accelerated to about 6 Mev. It
is estimated that with a vacuum of about lO“S‘mm mercury 1-1/2 percent of the
beam will get through in the model. 1In the large machine it;elf”it is gxpected

that a vacuum somewhat better than this will be obtainable, and with the larger
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aperture of Figure 1,10 percent of the beam is expected o be lost while with
the small aperture 60 percent will probably be lost.

The large magnet will require a peak power of 100,000 kw and will operate
at 100 pulses per minute. It now appears that the Westinghouse Compahy will
probably build this power supply. The magnet will be operated by two motor
generator sets with 85 ton flywheels powered by 3600 horgsepower motors. The magnet
energy is stored each cycle as mechanical energy in the flywheels, A current
reversing system.will be employed making use of 48 ignitron tubes 15 in. in
diameter and 2 ft. high, The magnet will be pulsed in such a way that the pulses
will have a duration of 3 seconds with an interval of 1 second between them.
During the pulse the magnet voltage will decreaée from a maximum of 18 kv to 12
kv just‘before ceurrent reversal,

Present plans call for the vacuum chamber of the model to be constructed
of stainless steel 1/32 inf thick, made in a number of flanged sections that may
be bolted together. The eddy currént losses in this material shoﬁld be negligible,
and it will have the necessary flexibility requisite for proper installation. The
vacuum load is Supported by ties between the flanges of the chamber and the magnet
itself, Bids have been invited for the construction of 72 of these sectioﬁs° At
present consideration is being given to this mode of construction for the vacuunm
chambef of the large instrument. The large instrument will employ six 32 in.
diffusion pumps in each of the openings between the magnet sections. A liguid air
trap will be employed which runs around the entire vacuum chamber., This sams
scheme will be ﬁsed on the model.

The decision as tc whether to use a cyclotron or a Van de Greaff accelerator
for injecting the particles at 4 Mev will be postponed until after the model tests

have been made. In the bevatron drift tube aceeleration will be used involving a
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voltage of 8,000 volts peék with a frequency varying from .25 to 2.5 mec. The
drift tube will be appfoximately 10 £+, long. This moderof acceleration is
possible with the use of the saturable reactors developed by William Baker'in
the Laboratory. The frequency tolerances at injection for the small aperture
is .2 percent with a tolerance bf 3 percent at the end of the acceleration for
the 10 percent loss in the beam,

Appended to this report is a set of specifications for the bevatron as

‘now envisioned.

The Ratio of Meson Masses, C. Lattes. Experiments are now in progress to
detefmine the mass of the heavy negative mesons with greater aceuracy than that
given by earlier determinations, and to measure the ratio of masses of heavy
and light mesons. For the first problem a new plate holder has been built with
a channel that édmits negative mesons from the target at angles up to _4_-’10O from
the beam direction. This plate holder is shown schematically in Figure_4° With
this arrangement it is possible to expose the plates without the usual black
paper wrapping, making a more accurate range measur?ment feasible, Further,
for mesons that leave the target at angles close to the beam direction the
angular measurement of the tracks on the plate is most accurate and the effect
of the lack of uniformity of the magnetic field is easy to calculate, Another
refinement is the use §f a target only 1/32 in. wide perpendicular to the beam.
The calculation of the absolute value of the mass depends on the value
of the magnetic field in the vicinity of the target, and this has not been meas-
ured recently. Plans are now under way to conduct a measurement of the magnetic
field which will be correct to within 1 percent. After this is done it will be
possiblg to give a more accuratbte value of the meson mass. With the channel plate
heolder more than one hundred heavy negative mesons have been observed. In the

same plate only one light meson has been found. When the mesons are not restricted
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by the channel the ratio of light to heavy mesons is much greater. This is
taken as an indication that the light mesons do not come directly from the
target,

For the experiments on the ratio of meson masses a plate holder of the
type shown schematiéally in Figure 5 is used. This plate holder has two
‘channels so arranged that light positive mesons as well as heavy negative ones
may be received simultaneously. The uncertainties mentioned above in the mag-
netic field do not affect this measurement, because the magnetic field cancels
ouf in the calculation of the ratio of the masses. The present experiment
measures the ratio of the masses of heavy negative to light positive mesons.

In an earlier experiment the masses of'heavy negative and heavy positive mesons
were found to be the same within experimental error,

An object of the present experiment is to discover whethef,thé“ratio of
masses of light and heavy mesons is consistent with the assumpﬁipn that a light
particle such as a neutrino is given off when a heavy meson decays td give a
light one., A ratio of masses which fits this assumption is 1.32 + 0.04. Thus
far in the experiment only two light positive mesons have been found that stop
in the emulsion. Some heavy negative mesons have been found on the same plates.
The masses of the light mesons are 2.09 and 2.11 electron masses while thé mass
of the heavy ones is 286 m,. In order to get a result for the ratio of heavy
mesons to light, the measurements of the two light positivé mesons have been
combined with the measurements of the masses of heavy negative mesons made earli-
er in the same magnetic field, This gives a ratio of 1366; ot course these |
results are very preliminary, and it is hoped that in a short while a ratio based
on considerably more‘data may be given.

Anthracene Crystals, J. Alley. As a result of the large amount of interest

displayed in solid counters employing anthracene and naphthalene, it has become
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necessary to develop a technique for growing large anthracene crystals., A
method which gives satisfactory results is based upon cooling melted anthracene
piaced in a sealed flask or tube which has been drawn into a thin capillary
at one end as illustrated in Figure 6. In order to get the crystals to grow,
difectional cooling of the tube is required. To achieve this the tube is sur-
rounded by three layers of heat shielding except at one end. Around the outside
of the shielding heating coils are.placed. After the anthracene is melted (the
melting point is 2170) it is allowed to cool at the rate of 1 to 2 degrees per
hour. It is nop known if this is the optimum fate of cooling, but it is one
that produces large crystals, and the demand for the crystals has been so great
that there has not been an oppértunity to experiment with the rate of cooling.
It takes ébout five days to produce crystals.

It is found that the anthracene has to be purified before it can be used.
A reflux still employing alcohol and benzene is used for purification.

The crystals are rather easily fractured, but no problem has been encounter-
ed in removing them from the flask. The planes of cleavage of crystals grown in
this fashion remain vertical. It would be more convenient if they could be grown
so as to have the planés of cleavage horizontal. Experiments to achieve this
result are planned. The crystals can be easily sawed into the desired shapes
under water and the surfaces can be polished with a cloth dampened in bénzene°
After they are prepared in their final shape they are ordinarily coated with a

thin plastic film to prevenf oxidation. Crystals treated in this way seem to

have an indefinite lifetime.

IMB /9-22-48
Information Division
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Bevatron Design Sepecifications

(Revised for "n" = 0.6)

Nominal‘aperture inside vacuum tube
Radius to center of tube
Length of straight sections
Length of orbit

Maximum magnetic field
Maximum proton energy
'Magnet gap

Injection energy

Injection radio frequency
Maximum radio frequency
Frequency ratio

Injection field

Useful width of field at injection
(1/2 ¢ n 1)

Relative radial width
Relative height of aperture
Acceleration time

Initial rate of rise of field
Final rate of rise of field
Magnetic field exponent "n"
Initial energy gain per turn
Final energy gain per turn

Initial rate of change of frequency
with field

Initial rate of change of frequency
with time

Injection time  (time for beam to
¢ross half width of useful field)

Fi.
Ft.
Ft.
Ft,
gauss
Bev
inches
Mev
me/sec

me/sec

gauss

inches

% of radius

% of radius

secs
KG/sec

KG/sec
er

ev
Mc/EGsec
mc/sec2

microsec

UCRL 181

1/4 Scale Initial Later
Model Stage Stage
1x 3-1/2 4x 14 1x4
11-1/2 46 50
5 20 20
92.4 369 394
1000 5300 16,000
.0059 1.48 6,44
13-1/2 54 .14
0.50 4 4
.35 0.260 0,230
1.19 2,60 2,61
Bo4 10.0 11.3
291 206 190
36" 144 (est.) 48
26 26 8
8-1/2 8-1/2 2
0.3 1.5 1.85
4,45 4,45 ~ 9.60
2.44 5.90
0.60 0.60 0.60
43,5 700 1750
385 1075
1.249 1.264
5,55 12,1
3400 2415 318



Turne during injection time

Radial motion per turn during injection
(RF off)

Scattering loss at 10"° mm air pressure
Distance betwéen accelerating gaps

Electrical angle between accelerating

gaps

Peak accelerating electrode voltage

Repetition rate at full energy

Stored energy in magnetic field(approx.)
Peak magnet current

Number of series turns on magnet

Peak ampere turns

Initial voltage on magnet

Voltage at maximum current

Peak instantaneous power

Allowable time average dissipation in

magnet

Conductor weight

Conductor ceross section

Number of conductors in parallel
Conductor length

Coil resistance at 65 C=-98% conduc-

tivity

Initial inductance

IR drop at maximum current

* At 50 ¢

inches
percent

t,

degrees

pulses
per min.

megajoules

amps

volts
volts

megawatts

KW
tons -

sqg. in.

4.

ohms
henrys

volts

UCRL 181

1/4 Scale Initial Later
Model Stage Stage
1330 627 74
0.014 0.12 0.32
98,4 12 57
2-1/2 10 10
9.8 9.8 9,0
510 8200 22,300
10 10
.040 80 80
1780 8333 8333
16 88 88
28,500 732,000 732,000
205 18,000 18,000
12,000 12,000
100 100
30 3500 3500
5 360 351
0.273 1.31 1,31
2 2 , 2
6360 1139,800 136,800
.053% 0.268 0.262
.026 3.6
2230

94



RF cycles per phase oscillation

=10-

At injection

At maximum energy

RF cyeles per betatron oseillation

Damping of Radial Amplitude of PhaseQscillations

Field for

11 "
" "

” "

Amplitude

Vertical
Horizontal

1/2 initial amplitude - gauss
1/4: " " 1

1/8 " " "
1/16 " " "

at final energy/initial amplitude

Damping of Beﬁatron Oscillations

Field for

" "

" i

Amplitude

1/2 initial amplitude - gauss
1 / 4 ” " "
1 / 8 " 1] 1"

at final energy/initial amplitude

Distance traveled during acceleration miles

Number of revolubtions during acceleration x lO6

Frequency tolerance at injection

for 100% loss %
for 10% loss %

Frequency tolerance at final energy

for 100% loss %
forn 10% loss %

Maximum deuteron energy Bev

Maximum alpha particle energy Bev

TCRL 181

1/4 Scale Initial Later
Medel Stage Stage
236 167 108
- - 2010 2140
1.14 1.14 1,15
1.40 1.40 1l.41
- 412 380
- - 824 760
- - 1650 1520
- 3500 3300
0.29 0,044 0,017
- - 824 760
- = 3300 3040
- - - - © 12,200
0.54 0.198 0,109
15,000 200,000 305,000
.86 2,9 4,1
4,9 4,9 1.6
0.49 0.49 0,16
4,9 9.4 3.2
2.5 7.8 2,9
0.0029 1.05 5,71
0.0059 2.09 11.4
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