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m:. PHYSICS RESEARCH EQUIPMENT 
DEVELOPMENT 



A. SUPERCONDUCTING MAGNET DEVELOPMENT 

After final preparations for the 12-inch SLAC, split-coil magnet were undertaken, 

such as development of proper interturn insulation, completion of the impregnation 

and insulation machine, and completion of the coil-winding machine, the coil winding 

began. A few short-sample and cage tests were carried out at MIT, National Magnet 

Laboratory to determine the current-carrying capacity of the superconducting cables 

for fields up to 93 kG. Four coil sections were wound by April 1967, and the first 

tests at SLAC began on April 14. Various difficulties in transferring liquid helium 

prevented full operation of the magnet at that time. The second attempt, on May 5, 

to cool down the magnet also had to be interrupted because of a gasket rupture. 

The first successful run was performed June 14-18. Approximately 710 liters 

of helium were required to cool down the magnet from 78’ K to 4.2’K and to fill 

the storage dewar. The magnet was energized from two power supplies which 

delivered 510 and 525 amps, and which yielded a central field of 43.2 kG. The 

expected currents were about 600 amps, but at the 525~amp level excessive helium 

evolution was observed and the test was interrupted. The coil was energized to full 

current in a time of less than 20 minutes. The helium gas, prior to the excessive 

boil-off, was collected in containers for reliquefication. 

The total stored field energy at 43.2 kG was 1.2 megajoules. Figure 26 illustrates 

the conductor geometries. The intermediate coil consists of a cable having one 

superconductor with a diameter of 0.076 cm. From recent tests on small coils it has 

been found that a single large superconductor is more unstable than a number of smaller 

superconductors connected in parallel. No current-sharing in the single superconductor 

is observed, and thus the current has to be increased or decreased at a much slower 

rate than that used in the above test. 

Publications 

1. “Magnetic Slit” (SLAC-PUB-294)--to be published 

in Review of Scientific Instruments. 

2. “Materials in Electromagnets and Their Properties” 

(SLAC-PUB-320)--Invited paper presented at the 

Second International Conference on Magnet Technology, 

Oxford, England, July 1967. 

3. “Superconducting Magnets for High Energy Physics 

Applications” (SLAC-PUB-274)--presented at the 

International Cryogenic Engineering Conference, 

Kyoto, Japan, April 1967. 
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B. SPECTROMETER PROGRAM 

All three spectrometers--the 8 GeV, 20 GeV, and 1.6 GeV, in that order --were 

completed and had their optical properties measured during the first quarter. 

The 8-GeV spectrometer proved to be close to design except in one matter--the 

required quadrnpole strengths for proper focussing, which were about 2% different from 

design. Momentum calibrationwas better than l/2% and the solid angle of acceptance 

was essentially to design. 

The 20-GeV optical properties were close to design, but owing to the complexity 

of the system, some of the aberrations had not been cor,rected. It is believed that the 

asymmetry of the first bending magnet was the cause. 

All of the power supplies were controlled successfully by the computer for the 

optics test phase. Magnet water-flow and temperature interlocks performed satisfac- 

torily. Additional tests are described below. 

1. 1.6 GeV Spectrometer 

During the first quarter, the spectrometer was erected and successfully powered. 

Its optics were tested using a floating wire and the accelerator beam and the tests proved 

very satisfactory. The first order properties were precisely as predicted. The 8 and 

momentum focal planes were found to be in coincidence without any adjustments being 

made. The momentum focal plane was at 90’ to the beam direction. The high precision 

predicted in the p and 8 planes was achieved over 70% of the aperture. Beyond the 

70% region the resolution deteriorated because of fringe-field effects. 

Experiments performed using the 1.6 GeV spectrometer during the second quarter 

are reported elsewhere. 

2. 8 GeV Spectrometer 

The 8 CieV Spectrometer was checked out during the first quarter and its optical 

parameters were measured using the beam. The measurements were performed by 

varying x0, 0, and 0 by Bl, Bll, and Bill, and varying do by changing the 

spectrometer momentum. 

Because of the lack of precision in the setting of Bl in order to vary x0, there 

was a coupling between x0 and Qo. This limited the precision,for xo# 0, in Q 

to 0.15 mrad, or 0.6 cm in x at the 8 focal plane. To get around this difficulty, 

the 8 dispersion was also measured by rotating the spectrometer and leaving the 

electron beam undeflected. The results agreed within 0.5%. The results of the 

measurements are shown on Table II. The quoted errors were extracted from 

differences between different measurements plus reading errors on the screens of 1 mm. 

It must be acknowledged that there might have been hidden systematic errors. 

There were differences between the design parameters and the measured ones. 

Though these differences are understood to some extent, no attempt will be made to 

explain them here. 
- 99 - 



Table III 

Parameter* 

(x/x,) 
Q dispersion (x/e,) 

(e/x,) 

(e/e,) 
@/do) 

(@ho) 

‘ilt of focal plane 

!oupling terms (x/co) 
O’/eol 
t?/xo) 

Calculation 

0. m rad 
4.24 ” 

- 0.236 ” 

4.74 ” 

” - 2.955 

- 1.056 ” 

13.70 

0. cm 
0. ” 

0. ” 

Measured 

O.lkO.05 mrad 

4.405 f 0.01 ” 

-0.22 3: 0.2”” ” 

5.02 -I- 0.05 ” 

” -2.92izO.l 

-1.12 j: 0.01 ” 

14.2O L 0.6O 

0.03 L 0.003 cm 
-0. II 

-0. 11 

* All distances are measured in centimeters and all angles in miliradians. 
** 

The high error in (e/x,) comes from the uncertainty in setting Bl, which 
mainly sets x0, but may introduce a small .9,. 

3. 20 GeV Spectrometer 

The 20 GeV hodoscope and particle discriminator were readied and installed 

in the 20 GeVopectrometer early in the first quarter and the beam was used to 

checkout the unit. In the second period, the spectrometer was used for secondary 

particle production survey. 

4. Time-of-Flight System 

The time-of-flight system for the 1.6 GeV spectrometer was completed during 

the second quarter. The modulation plates in the gun of the accelerator were improved 

to run at the higher voltages necessary because of the lower frequencies involved. 

The high-power transmitter to drive the modulation plates ‘was completed in the first 

quarter. Its frequency is variable from 8 to 20 MHz, and the frequency can be 

changed over this range in a few minutes. 

A time-marking signal derived from the modulation plates of the order of 25 

volts was arranged to be sent the full length of the accelerator to the Counting 

House. This signal was being used as a time reference in time-of-flight electronics. 
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A toroid with a rise time of approximately l/2 nsec was installed in the BSY 

before the energy analyzers to monitor the modulation in the electron beam. A 

high-quality cable from the toroid to the Counting House was also installed. This 

will be especially useful when using photon beams in End Station A to monitor 

the modulation of the beam. 

5. Hydrogen Target 

The high-power hydrogen target for End Station A was completed and tested 

during the first quarter and was installed and in use during the second. A variety 

of target cells was made together with two different scattering chambers. The 

target can be used as easily with deuterium as hydrogen, and has been tested at 

high power levels. 

C. STREAMER CHAMBER PROGRAM 

1. Two-Meter Chamber 

The chamber was installed in the two-meter magnet in its final configuration 

during the first quarter. The magnet had been completed during the same period 

and operated at low power (2500 amps). Successful tests were made of the chamber 

using a photon beam during the second quarter. Large trigger backgrounds were 

obtained initially and the collimator system had to be modified. Additional work 

was underway to reduce the background triggers still further. Figure 27 is a 

photograph from the test runs. 

2. 5.8 Megawatt Power Supply 

A fire occurred in the power supply before its tests and acceptance during the 

first quarter. It was caused by the breaking of an oil cooling line. The power supply 

was rebuilt and underwent preliminary tests during the first quarter and was then 

operated into the two-meter magnet during the second. 

D. COLLIDING-BEAM STORAGE RING WORK 

1. rf Cavity: 

The design considerations for the Colliding-Beam Storage Ring indicated the 

following requirements for the rf cavities: 

(1) The operating frequency is to be 50 MHz. 

(2) The cavity must develop a peak voltage of 200 kV. 

(3) The cavity must be included in a 2-meter-long straight section 

of the storage ring. 
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Originally, a cavity design was considered in which vacuum windows separated 

various regions of the cavity. The use of windows allows most of the cavity to be 

outside the main vacuum system, thus simplifying the design of rf couplers and 

tuners, However, the high dielectric losses, because of the large voltages in 

the region where the windows must be situated, lead to large thermal stresses in 

the ceramics and make this approach less desirable. Since the vacuum system of the 

rest of the ring will be constructed out of aluminum and the problem of transition from 

aluminum to stainless steel has been solved by the use of stainless-steel-to-aluminum 

flange sets, ’ * it appeared feasible to use an all-vacuum cavity constructed from 

aluminum. Outside connections from the cavity would be by means of aluminum 

flanges which can be welded to the cavity. Input loops, tuners, etc. , would utilize 

stainless steel flanges which would mate with the aluminum flanges on the cavity. 

An experimental cavity design is shown in Fig. 28 , The cavity consists of two 

quarter-wave, capacitively-loaded coaxial cavities with a common high-voltage gap. 

The over-all length is 57-l/2 inches. The outer and inner diameters are 37 inches 

and 10 inches, respectively, and the gap spacing is 6 inches. A cavity was constructed 

to this design, utilizing 6061-T6 aluminum with all joints fusion-welded witd an inert- 

gas-shieldedtungsten-arc (TIG) process. The welds were all made to ultra-high-vacuum 

quality with care taken to eliminate voids and subsurface defects. The. cavity can 

withstand a vacuum bakeout of 250’ C. The outer wall thickness is l/2 inch and the 

reinforced end plates are 5/8-inch thick. The counterflow heat exchanger on the 

center conductor is designed conservatively to handle over 20-kW dissipated power. 

A coaxial input window, originally designed for a high-power klystron and supplied 

by Eimac, is used. The coupling loop is water cooled. Frequency tuning is achieved 

by means of a water-cooled paddle, which may be moved into or out of the cavity by 

lateral motion of a vacuum bellows, with negator springs added to compensate for 

atmospheric pressure on the bellows. Two glass viewports were incorporated to 

allow observation of the cavity interior during high voltage testing. The surfaces 

in the region of high voltages all have extremely smooth finishes. 

Figure 29 is a view of the completed cavity. The measured Q of the cavity is 

13,500 with a shunt resistance R at the edge of the gap of 1.24 megohms and at 

the center of the gap of 1.12 megohms. The shunt impedance was measured by two 

‘QSR, SLAC Report 73. 
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methods: one which yielded R/Q, and the other which measured R directly. 

Both methods agreed within 5%. The cavity is subject to multipactor discharge 

at a few hundred milliwatts, but this can be easily switched through by setting 

the oscillator frequency and switching through to a higher power level than the 

multipactor level. 

The cavity was run up to 46 kW continuous power with no indication of voltage 

breakdown. This power corresponds to over 300 kV across the high voltage 

gap. Because of the heating of the baffles, the cavity was lowered in frequency 

by about 200 kc at thermal equilibrium at the 32-kW level. Calorimetric measure- 

ments at 20 kW indicated 30 watts dissipated in the input loop and 150 watts dissipated 

in the tuner. At 32-kW input, the outer wall temperature stabilized at 144’F. 

Consequently, some cooling of the outer wall may be desirable, though not necessary. 

Cooling would improve personnel safety and reduce the shift in frequency due to 

thermal expansion. 

Soft x-ray emission from the region of the gap was detected by external survey 

meters at power levels above 10 kW, necessitating shielding during laboratory use. 

During the experiments on the cavity, the frequency of the source was automatically 

adjusted to the frequency of the cavity by means of an automa.tic frequency control loop 

which compared the forward and reflected signals to the cavity and produced a voltage 

proportional to the phase difference between these signals. This voltage tunes the 

exciter. However, the ultimate intent is to have a constant Srequency and tune the 

cavity itself. This is discussed in more detail below. 

The tuner on this experimental cavity provides 30 kHz of tuning. This amount 

of tuning is sufficient for the 3-GeV, 2-amp mode of operation, but is insufficient 

for the lower energy, high-current modes of operation. A tuner which will give the 

required 2 MHz of tuning has been designed and will be installed in this cavity. 

The tuner will tune capacitively near the high-voltage, capacitive-loading baffles. 

The cavity is equipped with a 500 Iiter/sec, Ultek evapor-ion pump, and it 

pumps down to a pressure of 4 X lOA9 with no rf present. With 20 kW rf coupled 

into the cavity and thermal equilibrium established, the pressure is 1.6 X 10 
-6 torr . 

After a planned bakeout at a temperature of 250’ C, it is expected that pressures in 

the region of lo-’ will be maintained with high rf-power input. 

A model cavity of one-quarter scale at 200 MHz was constructed from copper with 

soldered joints. All higher-order modes with field in the beam region were mapped, 

up to a frequency whose wavelength is comparable to the bunch length at 3 GeV (28 cm). 
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None of the higher-order modes were close to a harmonic of the ring frequency. 

A mapping of the full-sized cavity is planned. 

Two systems for automatically tuning the cavity were developed. The first 

system employs two square-law detectors which sample the input line currents. 

The detectors are located h/8 and 3h/8 away from the cavity reference plane. 

The difference voltage output from the two detectors is a discriminator characteristic, 

as shown in Fig. 30, and can be used to control the cavity tuner. 

The disadvantages of this system are that it has a limited dynamic range, and 

the accuracy with which the tuner can be controlled depends on the detectors 

maintaining a square-law characteristic over a wide range of input power levels. 

Furthermore, the location of the detectors is critical, and for large amounts of 

detuning, the control voltage becomes very small. 

A second system was developed which avoids the difficulties mentioned above. 

Two directional couplers are placed at arbitrary locations in the input line. One 

coupler responds to forward power and the other to reverse power. The phase 

angle of the reflection coefficient can be measured by making a phase comparison 

between the two couplers. This measurement can be made conveniently with the 

newly developed Hewlett-Packard Vector Voltmeter, which produces a voltage as 

a function of detuning and having the shape shown in Fig. 31. This function is more 

suitable for control of the tuner than that of Fig. 30, since it does not fall off for 

large values of detuning. In addition, the vector voltmeter has a dynamic range 

of 80 dB, and the location of the couplers is not critical. 

A system for automatically controlling the cavity coupling was also developed. 

It is similar to the first of the two tuning systems described above except that 

the two square-law detectors are located h/4 and A/2 away from the cavity reference 

plane. The difference voltage output from the two detectors is zero for unity coupling, 

and reverses polarity for over and undercoupled conditions. Thus the output can be 

used to control the coupling circuit. 

A system was developed also to maintain constant gap voltage. In this case a 

detector senses the fields within the cavity, and the output of the detector is compared 

to a reference voltage. Any deviation between the detected voltage and the reference 

can be used to control the rf drive to the cavity, thus maintaining constant gap voltage. 

All the control systems described above generate dc output voltages. Circuitry 

from the two-mile accelerator automatic phasing system was modified to convert 

these dc signals to two-phase, 30-cycle square-wave signals capable of driving small 

motors which, in turn, drive tuners, couplers, etc. 
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2. Conventional Facilities 

The only work done on the storage ring conventional facilities the first two 

quarters was completion of a revised cost estimate based on the new building 

layouts. These layouts were changed to conform to the latest storage ring, 

magnet-lattice and beam-transport system. 

Rotation of the ring made it more feasible to locate the office and laboratory 

wing inside the storage ring adjacent to the high bay, providing better access to 

the control room and experimental areas. The ring housing will be located 

underground to provide better shielding. The new layouts are s!lown in Figs. 32 

and 33. 

3. Experimental Equipment 

A gas Cerenkov counter to be used as a beam-position monitor for low-intensity 

electron and positron beams was fabricated and tested. The counter uses mirrors 

and four photomultiplier tubes to sense the position of the beam axis. Tests indicate 

that the position accuracy of this monitor is approximately L l/2 mm. 

A large-aperture magnet using a hollow aluminum conductor for its coils was 

designed, built, and tested. This magnet has a gap of 16 inches, a poIe width of 

40 inches, and a pole length of 48 inches. The peak field is 20 kilogauss, and 

measurements made with a long coil showed that the integral of the field over the 

length of the magnet was constant to within + 1% throughout the aperture. 
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E. COLLIDING BEAM VACUUM STUDIES 

Tests on the lo-foot-long, stainless-steel, cryo-pumped model of the vacuum 

chamber were completed and testing was terminated. Preliminary steps were 

initiated for the design, fabrication, and assembly of a lo-foot-long, half-scale, 

cross-section extruded aluminum test model. Vacuum chamber components were 

tested and evaluated for engineering-design studies. Design studies were pursued 

and preliminary layout drawings were produced. Electron desorption studies were 

continued. 

1. Chamber Design 

The thermal heat flux on the chamber wall and the resulting radiation-induced 

gas desorption and pressure distribution were calculated. Based on these calculations, 

the reduced reflection of synchrotron radiation, and the high thermal conductivity 

of aluminum, it was decided to use aluminum for the vacuum chamber instead of the 

previously proposed stainless steel. The calculations also justified the substitution of 

sputter-ion vacuum pumps alone, in lieu of a combined system of ion and cryo pumping. 

The present calculations show that the peak heat fluxes will be 150 watts/cm in the 

cavities and 275 watts/cm at the beam scrapers in the transitions at the ends of the 

bending magnet sections. 

Large-scale study drawings were made with special attention to the vacuum 

chamber transition region between bending magnets and the quadrupoles which 

contain the pump ports, high-voltage and other feed- throughs. A decision was made 

to install the ion pumps horizontally. Provisions were made to incorporate 

removable access flanges to support a water-cooled beam scraper that protects the 

bellows expansion joints. 

Tests and calculations have shown that the ring bake-out can be accomplished 

by bolting strip heaters to the side of the vacuum chamber. Adequate contact will 

be insured by installing crumpled aluminum foil between the heaters and the chamber. 

Tests also indicated that glass-fiber felt is a satisfactory thermal insulation for this 

application. 

Problems of fabrication and procurement of large extruded aluminum sections 

were studied and discussed with various suppliers. 
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2. Test Model 

Several aluminum “bridge” extrusions were procured and evaluated for leak 

tightness and bridge weld soundness. The tests showed that the bridge extrusions 

were not completely reliable and it was decided to design on the basis of mandrel 

extrusions. 

Two, 15-foot-long, half-sized, die-and-mandrel extruded sections were procured 

and subjected to preliminary measurements. These sections will be used to fabricate 

a model for testing under ultra-high vacuum. 

In the course of preparing to fabricate a test model, it was necessary to study 

and improve the in-house aluminum welding techniques for reliable vacuum-tight 

joints. A systematic study determined that minute contaminants due to handbng 

and storage were largely responsible for porosity. Chemical and mechanical 

cleaning techniques were studied. At present, the results indicate that chemical 

cleaning, high-speed wire brushing, and hand scraping will result in satisfactory 

welds. Effects of preheating were also studied. 

Dies and jigs for drawing aluminum ports were built and tested. These drawn 

ports will facilitate welding and help minimize virtual leaks. 

3. Aluminum-to-Stainless-Steel Transitions 

Several methods for making aluminum-to-stainless-steel transitions were 

investigated and tested. The cost of commercially produced transitions of 

acceptable reliability seems to be prohibitive. Cups formed from roll-bonded 

stainless steel and aluminum were machined and tested. Some of these cups were 

found to be defective, and there was mechnical separation of the aluminum from 

the stainless steel. At the present time it appears that flanging is the most reliable 

method for making the necessary transitions. A detailed report on aluminum-to- 

stainless-steel transitions will be published in the near future. 

4. Stainless-Steel-to-Aluminum Flange Sets 

An 8-inch 0. D. flange set with an aluminum gasket was fabricated from a modified 

LRL, Livermore, design. The flange set was subjected to various bake-out and 

mechanical shock cycles. The flange was further modified in order to test for the 

limits of its performance. These tests were not completely satisfactory because of 

random marks due to surface lapping, This was corrected by reverting to the 

original method of lathe-turning the faces. The tests were being continued. 
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5. Bellows Expansion Joints 

A study was made of the comparative merits of the use of aluminum versus 

stainless-steel bellows. Several methods of manufacturing were reviewed, and 

the use of aluminum bellows was rejected. A newly developed type of non-welded 

nesting bellows was also investigated. 

6. Clearing Field Electrode Feed-throughs 

A commercial high-voltage alumina insulator for possible use for the clearing 

field electrode feed-throughs was subjected to a life test. The insulator withstood 

55 kV after exposure to 30 kV for 6500 hours in a normal ambient environment. 

Discoloration due to dust and other airborne contaminants did not cause breakdown 

but did add to the corona noise at 55 kV. 

7. Stable Inert Gas Pumps 

Equipment and materials for a stable inert gas pump were procured. The 

pump will’ be assembled and tested in order to evaluate the possibility of using 

such pumps on the storage ring. 

8. Aluminum Out- Gassing Measurements 

Preliminary measurements were made on the out-gassing from stock 1100 

and 6061 aluminum sheets and found to be - 10 -13 torr -liter/set-cm2 after baking 

for 24 to 72 hours. Subsequent to the original measurements of total out-gassing, 

the apparatus has been equipped with a residual gas analyzer. 

9. Electron Desorption Studies 

The desorption of gases from an aluminum sample under electron bombardment 

was subject to intensive study. A quadrupole mass spectrometer permits measure- 

ments of the individual gases produced or desorbed during bombardment. The principal 

gases which are in evidence are Hz, CO, and CH4. Gas production rates and electron 

desorption efficiencies were measured with respect to the following parameters: 

(a) Electron energy from 0 to 15 kV. 

(b) Sample temperature from 77O K to 500’K. 

(c) Electron flux density from 1.0 to 2000 pA/cm2. 

(d) Electron dose from 2 ,X 101* to 5.6 X 102’ electrons/cm’. 

(e) Gas density and exposure time between bombardments. 
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The results are summarized below: 

a. Enerm Dependence. The threshold energy for electron desorption occurs 

near 20 eV. The interaction cross sections reach maxima between 200 and 400 eV. 

Above these energies the electron desorption rate falls off until the energy exceeds 

previous bombarding energies at which point the desorption rate increases sharply. 

It appears that the more penetrating electrons can activate the removal of subsurface 

gases. Thus the concentration of these subsurface gases determines the nature of 

the high-energy electron desorption response. By bombarding with higher-energy 

electrons (up to 15 keV) to doses >lO 
19 e/cm2, it was possible to reduce the bulk 

gas effects and get a true measure of the cross section variation with energy. These 

cross sections for surface desorption were also measured by adsorption and 

desorption of carbon monoxide containing the stable 0 
18 isotope. 

b. Temperature Dependence. After high temperature baking or long-time 

high-energy electron bombardment, the low-energy desorption rates do not show 

any temperature dependence over the range from 77’ to 500° K. 

C. Electron Flux Dependence. The electron desorption rate was found to 

vary linearly with the electron flux density over the range from 1.0 to 2000 PA/cm’. 

d. Dose and Time Dependence. Initial electron desorption rates at 300 V for 

the unbaked surface were 

H2 - 3 X 10S3 molecule/electron 

co -1x10 -3 molecule/electron 

CH4- 2 X 10m4 molecule/electron . 

After extended high- and low-energy bombardment, the gas production rates 

have been reduced to 

H.2 -2.9x10 -7 molecule/electron 

CO - 2.8 X 10S7 molecule/electron 

CH4-1. 2 X lo-* molecule/electron . 

There is some evidence that the methane produced is not desorbed directly but 

is the product of a hydrogen-carbon reaction occurring in the system. For all test 

runs, the desorption rates decay in accordance with 

where 17 = desorption rate, molecules/electron 

t* = dimensionless time = actual time t/initial time t, 

771 = initial desorption rate at t = tl 

ci = decay slope. 
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For almost all test runs, there is a short-time decay for time less than 10 to 

20 minutes, and a long-time decay for all times thereafter. The values of cr vary 

from 0.3 to 1.0. No correlation with other parameters had yet been established. 
e. Repopulation. In the absence of bombardment, gases re-adsorb on the 

surface and the electron desorption rates increase slowly until saturation at rates 

lo3 to lo4 higher. Average sticking probabilities vary between 10 -2 and 10 -4 . 

Current efforts are directed toward understanding the re-adsorption process in 

detail for carbon monoxide and hydrogen. 

A third-generation apparatus was being assembled which should further extend 

our understanding of photo and electronic desorption processes. The new device 

will have the following features. It will permit bombardment by either soft x-rays 

(A = 0.71A) or low-energy electrons. It will allow foil samples to be thermally flash- 

desorbed to remove both surface and bulk gases. A quadrupole mass spectrometer 

will be mounted to receive neutrals and ions directly from the sample surface 
without intermediate wall collisions. 
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