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4 GeV Electron Synchrotron
Progress Report for the Half-Year
ending 30th April, 1966

1. INTRODUCTION

The Daresbury Nuclear Physies Laboratory is constructing a 4 GeV electron synchrotron (NINA).
An account of the layout of the site and the main parameters of the accelerator was given in DNPL |
and a subsequent report (ODNPL 2} outlined the progress made towards completion of the project at
the end of October, 1965. The present report shows the considerable further progress made during
the half-year since then.

There have, however, been some difficulties in connection with the choke for the magnet power
supply and also with the main power amplifier for the r.f. system, which have entailed a considerable
reviston of the installation programme. Details of these dilficulties are given in the report. It is stilt
hoped, however, that a high energy beam will be produced in autumn 1966, as originally planned.

The first experiments to be carried out using NINA have been approved and brief details are given
of these experiments, together with the progress in designing and procuring the experimental equipment
needed for their realisation,

2. MAGNIETS
2.1 Magnet Assembly
The delivery of various components of the NINA magnets is nearly complete, As mentioned in DNPL 2,
all magnet blocks, including spares, are on site. Qerlikon have delivered [48 of the 160 cotls nesded, and
the remainder of the contract, including spares, is expected by the end of May. The manufacture of the
cotls has continued to demand the closest inspectior in order to achieve and maintain a satisfactory
standard. AE.G. have completed the delivery of all pole face windings.

There is now a total of 27 magnets fully tested and accurately positioned in the ring. Four magnets are
awaiting posttioning and a further four are complete apart from the coils. A sector of the ring with
installed magnets 15 shown in Fig. |,

2.2 Magnet Survey

Considerabie progress has been made in the various problems associated with the survey. Detailed
analyses have been made of the sources of the various errors in the measurements of lengths and heights,
These have fed, in turn. to the development of a certain amount of equipment in the Laboratory to
replace that from commercial suppliers.

The use of tnvar tapes, calibrated by the National Physical Laboratory, in conjunction with an air
bearing, developed here, enables lengths to be measured to an accuracy of one part in a million and a
half. Tt now appears that the distances between the magnet survey movements in the ving vary slightly
from one survey to the next and this is correlated with external temperature conditions. Though the
movement is small. an alternative method of survey, independent of this effect, is being developed.

5
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Large alumintum tubes. suitably lagged. have been insialled between the 8 survey monuments in the
magnet tunnel to reduce the effect of air turbulence on height surveys. These have reduced the closing
errors considerably,

2,3 Magnetic Measurements
Measurements on the NINA production magnets commenced in September, 1965, and by the end of
April, 27 magnets, comprising 13 D magnets and 14 F magnets, had been measured and subsequently
installed in the ring. Progress on measurements was halted for a period of about [0 weeks due to a
strike by the men employed by the contractor responsible for magnet assembly. Finally this contract
was terminated and since then good progress has been made using the Laboratory workshop staft. It is
expected that the measurement programme will be completed by mid-June. The magnetic measurement
cquipment has worked very well and, in particular, the data logging system has proved extremely useful.
As stated in DNPL 2, the “B-lengths™ of the magnets are measured as a function of radius. From

these measurements the parameter J B, dy can be evaluated, where B, is the field on the equilibrium

s
orbit and y is the aztmuthal position. This quantity is a measure of the influence of the magnel on the
clectron beam and difterences from magnel to magnet will result in electrons deviating from the
equilibrium orbit. The position at which magnets are placed in the ving are chosen on the basis of this
parameter so as lo make deviations negligibly small when the field is at injection level, The parameter
can be measured with a reproducibility at injection field of 5 parts in 10", Fig. 2 shows the variation
ia the integrated injection field from magnet to magnet for the F and D magnets so far measured. The
maximum variation is about 0.3% for F magnets and 0.6% for D magnets.

It has been found that the mean value of B, at peak field is about 0.29 lower in D magnels than in
F magnets, but no reason for this has yet been determined.

Apart from the routine measurements carried out, measurements have been made of the magnetic
field in the presence of pole face windings and vacuum chambers. The quadrupote and sextupole
windings were tested and found to give the desired field distributions. whilst the effect of vacuum
chambers on the magnetic field distribution was found to be negligible.

3. MAGNET POWER SUPPLIES

3.1 Energy Storage Choke

The assembly of the coils within the iron mantle was completed at the Stafford works of the English
Electric Co. Ltd. in November, 1965, Low power measurements were carried out prior to assembly
of the cleat bars. These tests indicated that, with the primary windings connected in parallel, the
variation in inductance between secondary windings was within the specified tolerance of | %, However,
the primary equalising currents were extremely high and in some windings would have been higher than
the rating of the copper if the choke had been operated at full power.

A series of tests were carried out at Stafford by Daresbury and E.E. Co. personnel and also at
Daresbury on the ; scale model choke. The results of these tests have been issued in the form of a
technical memorandum.

To explain the causes of the excessive circulating currents it is necessary lo examine the choke
design. Forty double disc secondary coils, interleaved with twenty primary coil discs, arc arranged
vertically within a laminated steel mantie. A dummy coil is positioned at cach end of the coil stack to
minimise capacitive leakage currents from the end windings. With this arrangement the inductance per
turn is not uniform because of leakage flux, and so it is necessary to grade the number of turas through-
out the coil stack to achieve equal voltages on secondary windings. Euach coil disc is wound with one
additional turn above the nominal number of turns to provide some adjustment during testing. The
number of turns chosen varied from 31/32 turns on coil discs near the centre of the stack to 35/36 turns
on coil discs at the ends.

The secondary coil connections were arranged so that cach winding group consisted of two paralief
cireuits, each with (wo double disc coils connected in series. The top two double discs were connected in
series and paralleled with the next two double discs and so on (Fig. 3 («)). The twenty primary coils
were connected in parallel.
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The tests carried out indicated that a number of factors contributed to the excessive primary
cireutating currents,

(1) The grading of the turns was too coarse. [t seemed that the revised distribution should be from
32/33 turns at the centre of the stack to 34/35 turns at the ends.

(i) The arrangement of connections of sccondary cotls (Fig. 3 (@) ) made it impossible to maintain
the flux-turns product constant in cach paraliel circutt of the secondary coil groups because
of the coarseness of one turn adjustment. A more symmetrical arrangement was tried in which
the top pair of coil discs were paralleted with the bottom pair, and so on throughout the stack
{Fig. 3 (5.

(i) Difficulties experienced in lowering the top beam of the iron mantle during assembly led to the
omission of some insutated spacers from the lop of the coil stack and this resulted in «
mechanical asymmetry of the stack in relation (o the mantle. This led to excessive circulating
currents in the end winding groups even with the re-arrangement of secondary connections
described above.

(iv} The turns ratio between primary and secondary is 1:4. so that a one turn change in a secondary
winding would have required a fractional change in the primary. 1t is proposed to overcome
this by use of tapped auto-transformers across the outer turn of each primary coil,

FUwas necessary to dismantle the choke to enable the winding turns to be altered and to ensure
symmetry in positioning the coils within the iron mantle. Dismantling commenced at the end of
January. The turns on the various coil discs have now been modified in accordance with the computed
values and an additional turn has been added to the end coil discs for further adjustment.

The auto-transformers for primary winding fractional turn adjustment have been designed with
8 tap positions and with a low leakage inductance to maintain a high primary to secondary coupling
co-efticient. Each transformer is adequately rated for connection across the end turn of a pair of primary
coll discs. Nine auto-transformers witl be supplied for connection to nine of the ten primary winding
groups so that optimum adjustment can be achieved with a4 whole number of turns on the tenth.
All transformers are now in the final stages of assembly and should be completed about the middle of
May, .
At the end of April all the coils had been assembled within the iron mantle and the faminations
of the top beam were being fitted. Measurements and tests on the re-assembled choke are expected
to conumence on the 10th May and delivery to site should be made in the middle of July. Assembly and
connections on site will take about 4 weeks, so it will be well into August before testing of the whole
magnet pawer supply system can start.

3.2 Resonant Capacitors

Erection and site testing of the ten resonant capacitor banks was completed in November, 1965, All
units withstood an overvoltage test of 31 kV d.c. for one minute and the measured capacitance of each
capacitor bank, in an ambient temperature of 20°C, was within 0.3% of the nominal value. Additional
oil impregnated capacitor units, to provide [ % and 0.5%, trimming during resonating of the choke
and magnets. were delivered to site in February. These trimmers are interchangeable with the oil
impregnated capacitors fitted on each of the racks.

3.3 Pulse Power and D.C. Bias Supplies

All the plant installation and inter-conunections for the Pulse Power and D.C. Bias Supplies were
completed in February, afler which acceptance tests were carrted out. High voltage and insulation
tests, secondary injection tests on protection circuits and equipment and functional tests on the main
rectifiers and all auxiliary cquipment were performed. including extensive tests on the pulse valve
cooling system, ignition, excitation and arc drop. The grid firing jitter was found to be less than 0.1
microsec. In general the systems were found to be satisfactory, though a few minor faults were discovered
and are being corrected.
9



Final commissioning of the pulse power and d.c. bias supplics can only be carried out when the
energy storage choke and magnet network are available. A dummy resistance toad, rated at 75 kW,
has been connected across the d.c. bias to permit some setling up and checking of the bias servo equip-
ment. The resistance has been arranged to match the network resistance of about 1.5 ohms and allow
the d.c. bias to run at about 33 % of maximum output voltage, or, by changing links, the resistance can
be arranged to run the equipment at full voltage with 109, maximum current output. These preliminary
checks will be carried out in May,

3.4 Busbar System

The tubular copper busbars and polythene insulated cables at the magnets are installed. Flexible cable
for terminating at the magnet connections wifl be delivered during May. Erection of protective screening
around the busbar system is progressing but final completion of the system can only be achieved after
delivery of the energy storage choke.

3.5 Fire Protection Equipment

Because of the potential fire hazard in the Inner Halt resulting from oii-filled electrical equipment, a
contract for the supply and erection of an automatic high pressure water fire protection system was
placed with Mather and Platt Ledt. in July, 1965. [nstallation of this equipment has commenced.

4. VACUUM SYSTEM
4.1 Vacuum Assembly in the Ring

By the end of April, three of the ten sectors into which the ring is divided had been fully erected and
commissioned and a fourth was expected to follow shortly. After it had been ensured that no detectable
leaks remained, the pressure in the three commissioned sectors ranged between 2 x 107 torr and
6 x10-7 torr. The pump-down time was reasonably short; 25-30 minutes to 104 torr, the starting
pressure for the ion pumps, and 2 hours to 10-% torr. Subsequent pump-down times are shorter still as
the system cleans up. Although the programme appears to be slightly late, the scetors assembled so far
have all contatned r.f. cavities which add to the complexity of assembly. The lost time should, therefore.
be made up in assembling the 3 sectors without accelerating cavities, and the complete ring should be
under vacuum by mid-July.

Work is continuing on the production of internal targets for photon beams and designs are being
produced for various exit windows and evacualed beam tubes for carrying the external pholon and
clectron beams into the experimental area.

4.2 Vacuum Chambers

An investigation is being made into the possibility of using « high density alumina to produce vacuum
vessels with much greater radiation resistance. Ferranti Ltd. are carrying out a small development
programme in conjunction with the ceramics firm of Andermann & Ryder to produce a short length
of “D” type cross section with a number of typical joints and end flanges. It is only possible to make
this alumina in short lengths to maintain tolerances afler firing and, in order to make a complete
vacuum chamber, sections of length 12 in, will be joined by cupro-nickel connections attached to the
ceramic by metal sealing techaiques. The short cupro-nickel rings will then be welded together (Fig. 4).
The inside surface will be metaltised to prevent beam distortion by electrostatic charge build-up, the
metallising being connected by lead-through conductors to carth. Alternatively, if the upper and lower
portions of the metallising are separate, a clearing potential can be applied for ion removal. This proto-
type work is going well and we hope to have the first jointed tube in June or July. If this ceramic work is
successful, it should improve the reliability of the system by reducing the need for vacuum chamber
repair. It will also result in a cleaner system with smaller out-gassing rates and hence lower working
Pressures.

Investigational work is also proceeding on the exisling vacuum chambers, described in DNPL 2,
to ensure that they are post-cured and outgassed in the best way to give satisfactory performance at the
expected running temperature of 80°C.

10
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3. RF. ACCELERATING S8YSTEM

5.1 Introduction

Apart from the problem of the amplifier output stage, which will be described below, the completion of
the r.f. system is running about six weeks behind the time-scale envisaged six months age. This is due
partly to instaitation delays early in the period and partly to manufacturing delays mainly affecting
recent work. However, with the exception of parts of the modulation and control cireuits, it is expected
that the basic r.f. system, consisting of master oscillator, amplifier, waveguide ring, cavities, eavity tuning
system and monitoring equipment will be complete by mid-June, System commissioning will then start.

5.2 Power Amplifier

The parasitic oscillations in the 2054 siage. mentioned in the previous report, proved to be not casily
overcome, and on 23rd November, 1965, the tube and cavity were shipped back to the R.C.A. works
at Lancaster. The basic problem was as follows:

Although all “super-power™ lriodes show a tendency to oscillate when operated at high plate
voltages and with low grid drive, it had been shown that the 2054 was stable in our cavity up to the
highest plate voltage envisaged, with no drive. During commissioning, however, it was found that
oscillations occurred immediately after the removal of the drive pulse under conditions of d.c. plate
voltage. and later it was also found that oscillations occurred during the pulse when the drive was
between cerlain levels. Since then R.C.A. have put in a lot of work investigating this phenomenon.
and have established that the ampliier will oscillate in this way, in many modes, at frequencies between
1,000 and 2,300 Mc/s depending on the electrode voltages and circuit configuration. No circuit con-
figuration has so far been found in which the tube did not oscillate with the possible exception of one so
asymmetric that the amplification efficiency at 408 Mc/s was quite unacceptable.

The line of attack has recentiy switched to using an equivalent tube with a matrix oxide cathode.
A tube of this type has been tried and appears to meet the specification, Tests of this tube are to be
witnessed in carly May. If these tests are satisfactory, the amplifier may be returaed to Daresbury in
the near future, though tube evaluation will not be regarded as complete.

Commissioning of the r.f. system, and even of the synchrotron, could start using the driver stage.
To obtain the maximum power from this stage the 2041 tetrode (s being converted to an A.2548 by
installing & new walter separator and adding water cooling to the plate cireuit jackel. These modifications
will be complete by mid-June.
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Partly because of concern about the possibility of a parasitic oscillation at any time damaging the
amplifier, the crowbar circuits have been improved. Originally the tube was protected only against a
flash-arc by means of the circuit shown in Fig. 5. Here the smoothing capacitor, C, of the power suppiy is
connected to earth via a small resistor, R, enabling the current pulses drawn by the amplifier to be
monitored. If an arc occurs in the amplifier tube, the voliage across R, exceeds a preset fault level and
operates a transistorised trigger circuil, this in turn fires the crowbar tube which is a type CX. 1140
hydrogen thyratron, and the fault current is immediately diverted from the amplifier tube because the
isolation resistor, R, has a much higher impedance than the crowbar tube in conduction. The current
pulse through the erowbar is monitored across R, and used Lo trip-off the power supply, after which C
discharges through R, and the crowbar tube,

This protection circuit eperates in | microsecond after the detection of a fault. An interesting feature
is the use of a tetrode thyratron in which the first grid is permanently ionised and the grid current
operates an interlock relay to ensure that the circuit is always in a state of readiness. This circuit is used
to protect the anode and screen grid of the 2041 driver amplifier, but the power levels in the fnal
amplifier are 10 times greater, so the hydrogen thyratron is used as a trigger device for a BK. 178 ignitron
which is used as the crowbar tube. This has a firing delay of several microseconds but the circuit still
satisfies the prolection test requirements, The protected power supply is connected to a test spark gap
of which one electrode is a sheet of 0.001 in. thick aluminium foil. If the protection circuit is operating
correctly the spark produced does not puncture the foil,

Because of the possibility of parasitic escillation a sccond detector cireuit has now been added (o
compare the r.f. output from the final stage with the anode current waveform. 10 at any time these differ
significantly, the same trigger circuits are tripped. A dead zone and small time delays are built in to
ensure that error signals due to the non-linearity and the rise time of the amplifier do not cause the
crowbar to be tripped.

L R2 R3
PROTECTED
CROWBAR AMPLIFIER
TUBE TUBRE
C
- | TRIGGER
UNIT
POWER
SUPPLY
POWER
SUPPLY
g
INTERLOCK
RELAY

2
"Ii} A% ‘L

¥

PULSE TO
TRIP OFF
POWER SUPPLY

FiG. 5. Basic “CrowpaR” CIRCUIT FOR FLASH ARC PROTECTION

5.3 Master Oscillator

This is now complete. Since the injector, which operates on the 7th harmonic of the synchrotron
frequency, must be phased-locked to the synchrotron, it is fogical to derive the linac r.f. from a frequency
multiplier which is driven by an output from the synchrotron master oscillator. In this way proper
synchronism should be obtained between the two systems without the need for any extra special equip-
ment. This will of course only be true once temperature equilibrium has been established in all tuned
cireuits. For the injector, a frequency stability of 1 part in 10® has been given as the maximum acceptable
toferance. The synchretron frequency tolerance is however more stringent and if one takes as a criterion
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the tolerance of 37 for the cavity phase at injection then it follows that the frequency stability must be
3 parts in 10° when the cavities are lightly loaded.

There is a further special requirement for the master oscillator, nemely that it shall be capable of

being frequency modulated during the acceleration cycle without affecting the frequency stability at
injection, at which time the [Lm. control signal will be removed. [t had been hoped that a commercial
frequency synthesiser would have fulfilled the role of master oscillator, but no such instrument met all
the requirements. However, suitable commercial oscillalor stabilisers are readily available in the U.S.A,
s0 10 was decided Lo employ such a unil in conjunction with a Laboratory designed voltage-controtled
oscillator. The stabiliser operates as follows:
A high frequency reference is derived from a crystal oscitlator whose stability is somewhat better
than the final reguirement, This high frequency reference is heterodyned with a sample from the
oscillator to be stabilised. The difference frequency is chosen to be 30 Mce/s. This difference frequency and
the signal from a fow frequency reference osciliator, which 1s nominally 30 Mc/fs, are fed to a phase com-
parator which can provide a high level cutput. The phase comparator output operates directly on
the voltage conlrol ol the oscillator to be stabilised. If for some reason the phase lock should fail, or
not establish itself, for example, soon after switch-on, an automatic search rouiine is called into play to
sweep the frequency range of the oscillator to be stabilised and hence puli it into tock. The circuit of the
complete master oscillator is shown in Fig. 6.

It was thought advisable to design the master oscillator for an output of 5-10 W, thus elininating
the need for some extra power amplifiers outside the feedback loop. The voltage-controlled oscillator
therefore took the form of a 3-stage self-excited amplifier with {8 dB gain, with a varactor phase shifter
in the feedback path. The amplificrs were constructed with emphasis given to stability of circuit
parameters and were provided with their own stabilised h.t. supply. The phase shifter had a range of
about 907 and the voltage range was about 10-90 volts for the full phase shift. Tests of the complete
assembled unit showed that the original specification had been met, and in particular the speed with
which the f.m. deviation of 2 parts in 10! could be made was of the order of [0 microseconds, limited
only by the f.m. signal generator’s speed of response. The oscillator would stay locked on over deviations
of several hundred ke/s, and the purity of output, i.¢. freedom from parasitic modulation, seemed to be
excelient in comparison with the earlier scheme using a frequency synthesiser or with a quartz oscillator
followed by a frequency multiplier. This particular test was made with a high Q cavity where the effects
of parasitic modulation would have been very pronounced.

r--———-—/7/7/= -7 7 T,
; |
i 18 db, AMPL IFIER DIRECTIONAL!
I COUPLER |
| —
I| L ",,,w{ lr | [OW. 408 Mc/s. OUTPUT
| 4 I |
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! HYBRID —‘-n———-[:}———'— OSCILLATOR
| | I STABILISER
| §
VARACTOR
| PHASE | CONTROL ’ PHASE
| SHIF TER ' vouTace f COMPARATOR
} !
R SR
' i
} sy l MARCONI
] FM. SIG. GEN.
VOLTAGE CONTROLLED 30Mch.

OSCILLATCOR
Fig. 6. Master OSCILLATOR BLOCK DIAGRAM
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5.4 Waveguide and Cavities

The waveguide has all been manufactured and the ring has been instalted together with the feeder from
the amplifier. Tuning each section of the ring between tee junctions to be an exact number of wave-
fengths has started and should be complete during the next few weeks. Four of the six cavities ordered
{which will include one spare) are on site and vacuum tight and have been r.f. tested to power levels of
20 kW cow. and 50 kW peak with a 409 duty cycle; they are all now being installed in the ring. For the
last two cavities, a metallurgical fault in the tnput flange material has held up production but both
are expected on site during May. The cavities have not proved easy to manufacture; with the first ones
the dimensional distortions which occurred during brazing necessitated mechanical deformation of the
ends to bring the cavities on tune, Though later cavities are better, there have been cases where vacuum
leaks appeared at brazed joints during shipment, and we have established a repair procedure using hot
water for heating the cavity, and low melting point solder used with a flux which is non-contaminating
from the vacuum point of view. Such @ repair can be done i/ situ in the ring if necessary.

All equipment for the automatic tuning system and monitoring circuits for the cavities has been
manufactured and is being installed; it is described in some detail below. The r.f. circuits made con-
siderable use of specially designied stripline components and some remarks concerning these are also
made below.

5.5 Cavity Automatic Tuning System

A simple servo system is used to keep cach of the five accelerating cavities on tune during fong periods
of operation. Basically the system consists of an r.f. phase detector which monitors the cavity tuning by
comparing the phase of the cavity voltage with that of the input wave, and sends a proportional error
signal to transistor amplifiers which feed a d.c. serve motor which drives adjustable tuners in each
cavity cell. A separate system is used for each cavity.

Because of the reactive effect of beam loading on the cavities the cavity tuning must be monitored
in the period between acceleration pulses. During this time a short pulse of r.f. power is fed into the
cavity and the output from ther.f. phase detector is gated so as to give a signal corresponding to the tuning
error during this pulse. This, after amplification and conversion to d.c., drives the motorised tuners.

[n practice, the cavities require to be off-tune at injection to assist the trapping process, and, once this
is completed, the frequency may be varied to tune the cavity-beam combination. The initial cavity
detuning required varies with the beam current. and adjustment is achieved by means of a voltage-
controfled varactor phase shifter in the feed to the r.f. phase detector in each cavity tuning circuit.

The automatic system keeps the cavities on tune to £ 17 of phase and tuning errors are corrected
within a few seconds. The speed of response of the system is limiled by the maximum speed of the d.c.
motors and associated gearing. The tuning system may be switched to either automatic or manual control
and normally the thyee tuners are ganged together. However, in order to flatten the field in the three
cells, the tuners may be driven singly under manual control using magnetic clutches. Various over-run
and system alarms are incorporated. The tuning system associated with each cavity is housed in a double-
bay rack unit in the lower ring tunnel, immediately below the cavity. This rack also houses motor controls
for waveguide, phase shifters and matching units, monitors from cavities and waveguide, ete. These
controls and monitors are duplicated in the inner hall adjacent to the main amplifier and in some
cases also in the main control room.

5.6 Strip-Line Components in the R.F. System
A number of r.f. components have been specially designed for the v.f system in strip-line form, a
technique which is now well established and which offers, amongst other features, simplicity and cheap-
ness of manufacture compared with the coaxial realisation of these components. The development and
design work was carried out in the Laboratory and manufacture undertaken by Microwave Instruments
Limited.

The type of strip-line adopted uses a copper strip sandwiched between two slabs of low-loss insulating
material with earth plates at each side. The chosen geometry and parameters are briefly as follows.
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Two L-in. sheets of aluminium are fitted together with two -J-in. sheets of polythene between them.
The inner conductor is 0.005 in, thick and the width of the strip is chosen to give the required impedance;
for example the width to give 50 ohms impedance is 0.280 in.

Bandwidth of compenents was not a prime consideration and this has led (o simplification of
design and construction, For instance, although at Grst sight edge launching would scem preferable to
avoid discontinuities, it has been found that matching is casily obtained if type N connectors are
attached to one of the earth plates provided that two of the four fixing balts form a short-cireuit between
the carth plates. The visow.r, 1s never worse than 105, and construction is clearly much simpler than
with edge feeding,

Passtve components that have been made include edge and broadside directional couplers, hybrids
with 3/2 wavelength path lengths, d-way power dividers, low-, high- and band-pass filters. The
hybrids and the directional couplers have been run at 500 W cow, which is almost the safe limit for the
connectors. For high power use, air-spaced units have been made. Active components have included
solid-state phase shifters using varactor diodes, whose theoretical Himit is 1807; in practice 80-907 is
readily achievable for power levels up to | W owith a v.sawor. not worse than [LI. Another active unit
is a thermionic detector using an EA.5Z diode. This detector is so constructed that it can be used in
conjunction with an external load and will handle powers up to 70 W though, in practice, the load is
generally restricted to 10 W. In conjunction with standard emitter-follower units, the detector forms
a peak power meter which will also read c.ow. power correctly. The detectors are generally arvanged
in pairs with associated directional couplers, and arc widely used on the r.f. system. A higher power
phase shifter has also been developed for use with stepping motor control. Yel another interesting
component is an infinitely variable divectional coupler whose coupling can be altered externally by
alteration of a coaxial cable: This component is merely a pair of folded hybrids with one internal
connection and one external connection. and it is by altering the latter that the alteration in coupling
or power division s obtlained.

Experience to date with this type of transmission fine is satisfactory and it will normally replace
coaxial components except where these are unavoidable such as in high power transmission lines of
long length, or where the circuit must fit in with a definite coaxial component such as a high power tube.
The case of development and manufacture for frequencies up to | Gefs is quite remarkable, and the
miniaturisation of the components by folding up the circuits on a flat plane. which is possible due to the
rapid attenuation of fields edgewise to the strip, is very conventent.

6. INJECTION EQUIPMENT
6.1 Linear Accelerator

The 40 MeV lincar accelerator made by M.E.L. Equipment Ltd, was delivered to Daresbury at the end
of March. Installation work is proceeding. The equipment delivered is to the Stage I design, that is,
there is at present no provision for beam chopping at 408 Mc’s. A system for doing this is still under
development by M.E.L.

The gun modutator used during works testing and also 1o be used during ¢arly commissioning on
site 1s a temporary equipment. The original mtention was to use a triode gun with a d.c. potential on the
anode. However, tests at Mullard Research Laboratories, Salford, where the clectron gun development
is being carried out, showed that it would be difficult to avoid flash-over troubles in the gun at its rated
voltage of 80kV, even after prolonged conditioning periods. Accerdingly a decision was taken ecarly this
yvear to pulse modulate the anode supply. The new modulator has been designed and ts now being
manufactured. Completion is expected in August this year.

Beam tests on the aceelerator at Crawley showed that it was possible to load each section of the
accelerator untif zero r.tf. power emerged into the output waveguide during the current pulse. The
current at which this occurred was approximately TA, and from this it could be deduced that the
accelerator sections were behaving much as could be expected from design considerations. It was agreed
to aliow shipment of the accelerator (o site without any spectrum measurements having been made in
order to avoid further delay.

15



One cause of delay during the testing programme was the investigation of a phenomenon occurring
i the high power klystrons (C.S.F. Type ¥ 2049). It was found that at certain drive levels the r.f. pulse
outpul became unstable whilst a large reflection of power occurred at the input cavity, When running at
3O0MW under recommended conditions, the drive level at which the instability occurred proved to be
very close (o saturation drive. At lower output powers the klystrons had to be overdriven before the
phenomenon occurred, and at the outpul for which the accelerator had been designed (23 MW), the
mstability drive level was sufficiently different from saturation drive as to cause no practical worries.

However, C.8.T". were informed of the discovery and have carried out investigations both at Crawley
and at Orsay. They formed the theory that the klystrons were not correctly matched to the external load
at the 30MW level so that, under high drive conditions, the voltage ccecurring across the gap in the outpur,
cavity could be sufficient to canse some clectrons to be turned back. These, on passing through the input
cavity, interzcted with the drive signal in such a way as to cause instability, Accordingly, C.S.F. altered
the output coupling of the klystron by inserting an iris in cach output waveguide, and were able to
demonstrate that this effectively cured the trouble, Lengths of waveguide with appropriate irises are
Lo be supplied for installation at Daresbury,

Another puzzling result of measurements on high power kiystrons is a big discrepancy in perveance
measured on the same tubes by C.S5.I. and M.E.L. The difference is about 209, although there is
agreement on tube efficiency. Check calibrations are to be made to try to reselve the discrepancy.

It is expected that commissioning of the accelerator at Daresbury will commence during May,
leading to the production of a 40 MeV beam before the end of the month. The injector test system
for emiltance and spectrum measurement has all its main components in position and connected up.
Assembly of the vacuum pipework is proceeding.

6.2 Injection Path

As mentioned in the previeus report, the injection path components have been designed for the large
aperture and momentum spread of a positron beam, such that ideally each particle is placed on an orbit
m the synchrotron appropriate to its momentum and emitlance.

Two bending magnets are used, one with an angle of 32.77” and the other 28.52°, The bending radius
15 1.478 m and the required beam aperture is 12.5 em horizontally and 2.5 cm vertically. The magnets,
made by Mullard Ltd.. have poles 7 in wide with a 2 in separation. Measurements have recently been
completed at the Laboratory to determine the necessary shims in the gap and the end contours of the
pole pteces, to give the required field distribution and correct eftective fength over the desired aperture.
Positioning of these magnets in the ring area is about to be carried out,

A single quadrupole with 10 e aperture and a gradient of 60 Gs/em was also made by Mullacd
Ltd. for use between the second bending magnet and the inflector, The remaining matching element,
a quadrupole triplet with 12,5 cm aperture and a gradient in the centre quadrupole of 220 Gs/em has
now been specified and will shortly be ordered. Since this triplet is required primarily when positrons are
to be injected, its early installation Is not essential.

A beam position indicator situated between the two bending magnets will provide a signal to drive
the energy servo system of the linear accelerator. Correction ts achieved simply by controtling the output
power of the second klystron,

Vacuum pipework for the injection path is in manufacture and is expected (o be on site by the end
of May.

0.3 Inflector

The inflector consists of two aluminium strip conductors, spaced apart a distance of 14 cm. and
surrounded by | em thick frames of Mullard B, ferrite. The internal contour of the frames has been
determined by experiment to give a field gradient of 29 per cm across the portion of the aperture
occupied by the injected beam. The reason for the gradient, as explained more fully in the previous report,
is to {imit the horizontat aperture of the injected beam through the momentum matching svstem.
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Fig, 7. CRrOSS-SECTION OF TNIECTOR ASSEMBLY

A cross-section of the inflector assembly is shown in Fig. 7. The 50 ferrite frames are supported in

slotted aluminium strips to give equal mark/space ratio. The strips are curved on a radius of 12.5 m so
as to be parallel to the inflected beam trajectory. The conductors are also supported from these strips
by means of alumina spacers at suitable intervals. The whole assembly, clamped together by tie-bars,
1s mounted on a base plate which is supported from the base of an aluminium vacuum box. Means of
adjustment are provided so that the assembly can be positioned correctly inside the box.

Connections from the conductors are brought out at the middle and ends of the assembly to four
vacuum windows on the sides of the box. The inflector pulses are to be brought in through 8-pin glass;
metal seals made by English Electric, each conductor end being Bexibly connected to four of the pins.
The requirements for these seals are that they must be able to carry 1000 A, I microsce pulses and be
capable of withstanding 5kV continuously and up to 25kV for periods up to .1 microsec.

The present position is that the vacuum housing is on vacuum test prior to being inserted in the ring.
All components for the internal assembly are to hand and assembly work has started.

The mnflector moduiator. being manufactured by Staveley-Smith Contrals Ltd., has taken longer
to make than originally expected. FHowever, completion is now planned for the end of May and
commissioning by the A.E.L. design team wiil commence during June.
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will be seen connecting the sensing device to the top plate. This ptate is the lid of the enclosing vacuum
vessel and its upper surface is provided with mountings for a survey target. By means of optical devices
fixed to the datum points on adjoining magnets it will be possible to adjust the clectrical zero of the
sensing device to coincide with the correct orbital beam position. [t will be necessary to remove each
sensing device for this adjustment and place it in an external rig in which the beam current will be
simulated by pulses of currentina wire. This rig has now been assembled and is u ndergoing commissioning
tests.

Two further devices are being constructed for the purpose of measuring total beam current, They will
be instatled in two of the long straight sections, and are essentially a single-turn air-cored toroid en-
compassing the beam. The current induced in the toroid wiil be measured by means of similar “current
transformers™ (o those used on the position sensing devices.

The electronic equipment associated with these devices is. on the whole, nearing completion of
manufacture, but a few of the less important units are still at the development stage.

(h) Timing Pulse systems
The equipment for these systems is now under construction with some parts of it being given
final beach lests,

() Multipte display systems
The system for displaying the vacuum pump cusrents has been completed.

() Beam steering power supplies
Most of these unils are to hand and being given bench tests,

) Pulsed power supplies

The high current sections of 5 power supply units are now in the course of manufacture. They are
designed to generate pulses of up to 400 amps of current lasting for up to 3 milliseconds, and can be
connected directly to magnet back leg windings. Puise transformers are being constructed to increase
these current to 8,000 and 6,000 amps for a duration of about i millisecond to provide power for the

kicker magnet and current strip of the electron extraction system.

(/) Position controlferiindicators

There will be quite a number of mechanical features around the beam orbit which need control
and dication of position relative to the orbit. They comprise targets, collimator slits, and extraction
systems. It has been possible to standardise the electric motors giving the mechanical movements.
Also the required accuracy of position indication can, in all cases, be obtained by means of lincar
potentiometers. Standard controfler indicator modules for installation in the control room are therefore
possible, and these are now being developed.

It is expected that the motor to be employed will be capable of stepping action as well as continuous
running. Inching operations should, therefore, be casily controlled. It is proposed to make pairs of units
capable of joint control either in the same or opposite directions, A simple indicating meter display of
position will be associated with each control, but provision wiil be made for external connection to a
more accurate display. It has been found that a simple modification to a “Digitec” voltmeter can
provide this, and good accuracy is ensured by employing a ratiometer principle.

d. ACCELERATOR DEVELOPMENT

8.1 Beam Instrumentation

The aim at Daresbury is to accelerate 2 much higher current of electrons than has been achieved so
far in similar synchrotrons and since the reasons for the limitations on the current in existing machines
arc not known, it is necessary to provide instrumentation to determine as fully as possible what is
happening to the beam in the synchrotron.

Initially, it is planned to provide the following instrumentation ;-

{a) Bean position indicators
Beam position indicators will be mounted in each of the 20 short straights. Some details regarding
these have already been given in Section 7.7, They are a modification of a C.E.A. design, which uses &
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cubic framework of bars, through which the beam passes (Fig. 8). Voltages are induced in the {ongitudinal
bars by the passage of the beam, the voltage in a bar varying with the distance of the centre of charge
of the beam from that bar. The current in the transverse bars vary as the difference between the voltages
induced in the longitudinal bars and thus they vary with the beam position. Ferrite core transformers
on Lhe bars are used o feed out this information to the indicators. The signal varies with beam current
as well as beam position and so it is necessary to feed a signal proportional to beam current inte the
indicators to apply the necessary correction. The beam current signal will be obtained from the beam
cutrent indicators below. The information from each indicator wilt be stored and the indications
presented in the form of a histogram showing the variation of beam position from the equilibrium
orbit round the machine.

Beam position indicalors of the toroid type will be fitted in the ingection path. These aiso give an
tndication of beam current,

(b)Y Bewn current indicators

Beam current in the synchrotron will be indicated by means of a conducting toroidal surface which
forms the single turn primary of a pulse transformer. This indicator will respond to the modulation in the
circulating beam current introduced by the inflector. The phase monitor, mentioned below, will also
give an indication proportional to the 408 Mce/s component of the circulating current.

(¢} Q measuremeni

Measurement of the belatron frequencies in (he vertical and horizontal plane will be made by
exciting coherent oscillations by means of a local transverse r.£. magnetic field in the appropriate plane,
The frequency and amplitude of the r.f. field will be adjusted for maximum amplitude of betatron
oscillation detected by a pick-up clectrode a quarter of a betatron wavelength away. The v.f. field
will be provided by an oscillator-amplifier combination, which produces 100 microsecond pulses of r.f.
in a single turn winding iz a rectangular ferrite core. By varying the timing of this pulse, the Q can be
measured at various points during the acceleration cycle.

Separate coils will be provided for deflection in the two planes. Experiments with the ferrite frames
show that a field uniformity of £59% can be achieved over the whole aseful aperture.

The ferrite frames and vacuum box have been ordered from Muliacd Ltd. and Lintott Engincering
Ltd, respectively and the r.f. drive system is being developed in the Laboratory.

(Y Bunch length measurement

Measurement of the effective bunch tength can give information on the amplitude of synchrotron
oscillations. At low energies, where this is of greatest importance, this measurement is most difficult
to make, although some indication can be obtained from the measurement of the 408 Mc/s and harmonic
frequency components in the circulating current. At high energies, where the bunch length is likely
to be shorter, & method stmilar o that used with one of the electron storage rings at Novosibirsk will
be tried.

The collimated synchrotron tight (from one of the machine magnets) is focused on to the cathode
of an image intensifier. The photo-electrons resulting are deflected by means of a rolating electrostatic
field produced by two sets of plates at right angles fed in quadrature with r.f. at the synchrotron
frequency or a sub-multiple of it. For continuous radiation, a circle would be drawn on the screen of
the image intensificr, but since the source of radiation is bunched, the light will be modulated by the
bunching factor. and only a portion of the circle luminated. Measurement of the length of the arc
gives an indication of the bunch length, subject to the resolution obtainable, which at Novosibirsk is
claimed to be 10-" second.

A suitable image intensifier has been obtained and the associated equipment i3 being designed.

(¢) Beam width measurements

The horizontal dimension of the beaim at or near injection can be estimated by the use of a low
energy beam bump and a collimator. A heavy adjustable collimator and high energy beam bump are
to be provided to allow the beam width to be estimated at higher energies. Suitable collimators are
heing designed.

20



(Y Phase measureinents

A pick-up cavity in one of the straight sections will provide a signal of amplitude proportional
to the 408 Mc/s component of the beam and In phase with the centre of charge of the bunch. Com-
parison of this with the phase of the r.f. in the cavities will give the average synchronous phase of the
electrons,

8.2 Beam Ejection

As reported in DNPL 2. the basic principle of the beam ejection system is the same as that used at
C.EA. and D.ES.Y., but it has been shown possible to fit the current strip and ““kicker” magnet in
the same long straight. By suitable choice of the field in the kicker magnet, and use of & correcting
magnet, it should be possible to match the line of emergence of the electron beam (o that of the photon
beam from the same straight. tn this way a beam of photons or electrons can be made avaitable through
the same channel through the shield wall.

A computer study was carried out to investigate the eflects of the current strip and beam bump
parameters on the spill-out time, efficicncy of extraction and emittance of the emergent beam. An
optimisation of the current through the current strip, for examnple, represents a balance between a
long spill-our time and a high efficiency of extraction; similarly it was found that the greater the current
strip width the smatiler the spill-out time and the smaller the vertical emittance. A spill-out time of the
order of 6.5 milliscconds is predicted under the proposed scheme with emittances of 1.0 and ©.35 cm-
mrads for the horizontal and vertical planes respectively. It was found from the computer study
that a longer spill-out time may be obtained if a sccond current strip is placed at the same azimuthal
position as the first but on the inside edge of the beam. Spill time up to 1.5 milliseconds may be possible
by this method although an increase in emittance is likely. The layout of the system is shown in Fig, 9
which alse shows cross-sectional diagrams of the current strip and kicker magnets.

The design of the system is at present nearing completion. Some parts are under construction and
the current strip, which is a modification of that used at C.E.A., is being made in the Laboratory work-
shop (Fig. 10). The majority of the parts are out to tender. Power supplies for the beam bumps, current
strip and kicker magnet are scheduled for completion by the end of July and the system is expected to
be tested out and installed in readiness for the first operation of the machine. Two [0 e aperture
guadrupoles and their power supply for use in the external beam transport have been ordered and
delivered, and a bending magnet is being ordered. A ceramic vacuum vessel is to be used for that part
of the beam line through the fringe field of the synchrotron magnet. Provision has been made for the
addition of a second current strip to verify the theoretical predictions.

The first extraction system will be tested in straight 4 (that following magnet 4) and will then be
transferred to straight 8 for experimental use. Later it is proposed that a second system wiil be built,
incorporating any modifications found necessary from experience with the first and placed in straight 10.

9. SERVICES GROUP

9.1 Design and Drawing Office

The work of the Group Design and Drawing Office has gradually changed as the construction of the
synchrotron approaches completion, Less design effort is required on the machine and the emphasis
is now on equipment associated with the various beam lines. These are being faid oul and the associated
equipment, such as platforms, stands, quantameters, Cerenkov counters and collimators. designed and
manufactured.

9.2 Mechanical and Electrical Workshops

During the past 6 months the workshop has continued to give active support to NINA Instalfation

Group and other Laboratory groups. Staff recruitment has progressed steadily but some difficulty is

being experienced in obtaining the type of skilled craftsmen required for the Laboratory. The work which

is now being handled is becoming more demanding as evidenced by the current strip shown in
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Fig. 10. The machining capacity has been increased recently by the acquisition of a large milling machine
and lathe and with the machine tools now nstalled, the workshop can undertake most of the specialised
types of work placed with it. A small group has now started specialising in fow temperature work
and they are now building the first phase of hydrogen targets.

The Electrical Workshop has been actively engaged with the installation of additional distribution
equipment for the various Laboratory groups. The first phase of the installation of the 4 M.W. of d.c.
power supplies has commenced with the installation of the main contactor switchgear and this witl
be closely followed by the building of the main d.c. link boards in the Electrical Plant Room. Work is
in hand by M.AN.W.E.B. to increase our incoming supply to 10,000 kVA and at the same time to
install a second incoming feeder, thus increasing the reliability of the supply. This work is programmed
for completion in August, 1967,

9.3 Building Development

The Computer Laboratory is on programme and will be available for the installation of the IBM
360/50 Computer in June. Progress on the small Cryogenic Test Building and on the Stores extension
is running a few weeks late. Design studies have been completed on the new Laboratory and Office
Block and on an extension to the Experimental Hall. A separate Plant Room is associated with the latter,
The new Laboratory Block, which will have a floor area of approximately 41,000 sq ft, includes a
Lecture Theatre to hold 150 persons. The extension to the Experimental Hall will provide a sorely
needed additional 16,500 s¢q ft and this increases by about two the arca available for experiments,

10. PHYSICS APPARATUS

10.1 Experimental Magnets and Power Supplies

A range of quadrupole and bending magnets, described in DNPL 2, will be available For the first phasc
of the experimental programme. The contracts for these magnets were placed with three manufacturers-—
ALC.E.C., Charleroi, Lintott Engineering Ltd., Horsham, and Oerlikon Engineering Co., Zurich, in
September, 1965, The manufacturing programme is welt under way and the contract date of September
of this year for inttial deliveries should be realised. AR the magnets have vacuum chambers which
form part of the magnet assembly and cach magnet will have a separate adjuster stand for accurate
location,

In addition, a contract has been placed recently with Lintott Engineering Ltd. for a modular magnet
which consists of two C-magnets which can be butted together to form a large aperture window-frame
magnet.

The power supplics for energising the magnets consist of six 400 kW units, four 200 kW units, six
100 kW units and four 25 kW units and are required o have a stability of 0.01 % over a 12-hour period.
The contract for these supplies was placed with Brentford Electric Co., Crawley, in September, 1965.
The first of the 400 kW units has been completed and is undergoing tests at the manufacturer’s works.
Delivery to the Laboratory is expected to commence in June, 1966.

10.2 Collimators and Sweeping Magnets

Collimators which are placed in the incident photon beam to define the incoming beam dimensions
have been designed to cover a wide range of rectanguiar and circular apertures. Twelve collimator units
have been delivered to the Laboratory, where the central inserts witl be manufactured.

Permanent magnets, appreximately 30 cm in length, have been designed to remove charged particles
from the photon beam. A contract was placed with Mullard Ltd., Mitcham, in October, 1965, for ten
3 kGs magnets of 7.5 x7.5 em aperture and six 5 kGs magnets of 5 =7.5 em aperture. These magnets
are now ready for delivery to the Laboratory,

10.3 Hydrogen Targets

The standard target for general use at NINA will consists of a 10 ¢m long cylinder of 5 ¢m dia. or a
5 em dia. vertical target directly linked to a hydrogen dewar. The target is filled by applying an excess
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pressure of helium gas to the dewar. A prototype dewar has been delivered by the British Oxygen
Company and a prototype target is under construction for testing. In addition. two large volume
hydrogen targets arc being desigaed for specific requirements.

10.4 Quantameters and Integrators

A quantameter is an ionisation chamber which measures the total number of photons passing through
the target by measuring the charge produced by the photon beam. Four quantameters are in process of
manufacture. The total charge will be recorded by a current integrator. An order has been placed
with the Atomic Energy Authority, Harwell, for four integrators together with preset scaler units.
These units have heen delivered to the Laboratory.

1.5 Cerenkoy and Shower Counters

In addition to these items of physics apparalus which have a general application, considerable effort
is being spent on some pieces of equipment intended for use in specific experiments. For instance,
two different types of Cerenkov detectors, a gas threshold counter and a lead/lucite shower counler are
now being manufactured. These counlers are to be used in the wide angle electron pair production
experiment of the Daresbury resident group. The purpose of the gas threshold counter is to distinguish
high energy electrons from an intense flux of pions of the same momentum in the range 0.5 to 2.5
GeVie, The pions arise from the decay of p mesons photoproduced in the carbon in the target.

The principle design parameter of the counter is the refractive index of the gas. This is chosen so thal
muons of momentum lower than a set limif. 2.8 GeV/c, cannot give rise to Cerenkov radiation.

Although momentum selected pions cannot count divectly in the counter they can knock on electrons
from the counter gas which are energetic enough (> 10 MeV) to give rise to Cerenkov light. The gas
with the lowest electron density for a given refractive index is hydrogen but the high pressuve required
means that the window of the counter pressure vessel is thick enough to give rise to many more knock-on
electrons than produced in the hydrogen itself. 1t is found that a propane-filled counter at ~0.8
atmospheres gives the lowest number of knock-on eleetrons. Fora counter 2 metres long the total number
of knock-on ¢lectrons per incident pion at 2.5 GeVie is ~3 x10-%

The shower counter is to discriminate further between electrons and pions. [t has been found by
Heusch and Prescoti (Cal. Tech. report CTSL.41) that a lead/lucite sandwich gives a better discrimination
against pions and knock-on electrons than either a lead scintillator sandwich or a lead glass counter.

The combined rejection of the gas threshold and shower counter for pions should not be sensitive
to the momentum of the incoming particles. The pulse height produced by pions in the shower counter
is approximately constant within the range 0.5 to 2.5 GeVie so that, at low incoming momenta, the
decrease in pulse height and resolution for electrons will result in more pions giving pulses above the
bias level than at high momenta. However, at lower momenta, the pions will produce fewer knock-on
clectrons with cnergies above the threshold of the gas counter. Thus the continued rejection for pions
in the two counters should be ~3 x 10 - of the incident pion flux in each channel.

10.6 Counting Systems

Considerable work has been carried oul in the last six months directed towards instrumenting the
resident group experiment on Wide Angle Pair Production (W, A.P.P.). Design work on various scintilla-
tion counter configurations has been completed and production of W.AP.P. detectors has started.
Studies of possible logic configurations have reached completion and monitoring systems are being
investigated. Ferranti XP20 and X P21 fast light sources, which will be extensively used for this purpose,
have undergone testing of their stability and life characteristics and are likely to prove satisfactory. A
cable installation from the Counting Room to the appropriate area of the Electron Hall has been
designed and materials are on order to provide about 100 fast data links as well as high voltage and other
lines. The design of a standard photomultiplier housing of eylindrical symmetry has been completed and
production has started to make 200 units which will also be available to visiting teams. The unit will
house either the Philips 36 AV P, the RCA 7263 or, with an adaptor available from RCA, the 8575,
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tl. EXPERIMENTAL PHYSICS PROGRAMMES
1t. I Liverpool University Experiment

The initial experiment proposed by the Liverpool Group is for the measurement of the photoe-production
of zero charged pions from hydrogen. The group intends to concentrate on measurements of cross-
sections at small forward angles of the pion, detecting the associated low energy protons at centre of
mass angles between 257 and 1307 using a magnetic spectrometer. This will consist of quadrupole lenses
and a bending magnet having a total weight of about 50 tons, These components will be mounted on a
30-ft long beam pivoted at the target and supported on balls running on a hardened steel plate at the
other end.

Protons will be detected by an array of scintillation counters placed in the focal plane of the spectro-
meter. In order to climinate particles such as positive mesons or protons from other reactions, coin-
cidences will be taken between counts in the proton detector and those in a gamma-ray detector placed
in the direction of the zero charged pion. This detector will be a Cerenkov counter mounted on a second
pivoted arm. A small computer will be used to monitor and display the information from the 30 to 40
photo-multipliers used in the apparatus,

The object of the experiment is to check the theory of the photo-production process and hence to
obtain information about the intermediate particles which are supposed to play a part.

11.2 Manchester University Experiment

The Manchester Group is interested in the photo-production of neutral kaons with particular reference
to the Drell process. Apart from interest in the production mechanism itself, it is hoped that useful
beams of high energy K°s will be produced, suitable for many experiments.

A photon beam will be generated using an infernal target and will be brought out through the
shiclding wall into a liquid hydrogen target. Half of the K7s produced will decay as K,”s, leaving a beam
of K,s. These will be detected after a flight path of 30 m. Photon contamination wiil be removed by
20 radiation lengths of [ead, which will reduce the K,” intensity by a factor of two. The neutron back-
ground Is expected to be predominantly low energy.

The K,7s will be detected using decay modes producing two charged particles. Detection is based on
a scintillation hodoscope backed by plastic Cerenkov counters. In addition wire chambers will be used
before the scintillators to observe the point of intersection of the two tracks. Information on the energy
of the particles in the beam will be obtained by time of flight measurements using the r.f. structure of the
NINA beam as a basts. All data will be processed by a small computer.

11.3 Glasgow University Lxperiment
This group proposes to measure the polarisation of protons in elastic ¢-p scattering.

The analysis of elastic e-p scattering is usually made in terms of two form factors, based on the
Rosenbluth formula. The derivation of the formula assumes the process is dominated by a one photon
exchange term, and that the amplitude of two photon exchange and higher terims is negligible. A test
of the correctness of the assumption may be made in (wo possible ways: ficstly, the possible inequality
of e-—p and e —p elastic scattering, and secondly, the polarisation of the recoll proton, may both be
measured. The experiment is of the latter type for an incident clectron energy of 4 GeV and a momentum
transfer q* =50 F-%

The experiment will be carried out using the extracled clectron beam from NINA impinging on a
polythene target, To define an elastic scatter of the required momentum transfer, electrons of
enerpy 3 GeV at an angle of 237 to the ineident electrons are detected in coincidence with protons
of energy 1 GeV at an angle of 43°, both angles being in the laboratory frame of reference. For
both particles momentum analysis will be made by magnetic spectremeters. The protons are then
focused onto a hydrogen target and the left-right asymmetry of those elastically scattered is measured
by a system of scintillation counters and spark chambers. From this the polarisation of the protons
will be computed,
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[{.4 Daresbury Laboratory Experiment
The theory of quantum electrodynamics (Q.E.D.} at a distance of ~1 fermi has recently been put into
question by an experiment on wide angle electron-positron pair production performed by a Haevard
group at the C.E.A. In view of the great implications of the results of this experiment the resident group
at Daresbury propose to study wide angle pair production (W.A.P.P.} extensively as an independent
check of the validity of the theory. :

The expeciation value for the angle with respect o the photon momentum at which an electron or
mc?

positron is produced in pair production is given by 8> =-="_ where E, is the photon encrgy. Thus

angles of a few degrees are Ywide™ for E.~5 GeV. W A P.P. probes Q.E.D. to shorter distances as the
four momentum of the virtual electron increases or alternatively as & increases. As the cross section

for symmetric pair production varies as ~ 5 18 soon becomes vanishingly small as & increases
l h .5{,)(_, o0

setting an upper limit to the pair production angle & of ~107 for a feasible expertment, which corresponds
lo a four momentum for the virtual ctectron of 420 MeV/c at E, =5 GeV.

The Daresbury group will study symmetric W.A.P.P. This arrangement eliminates contributions
rom competing Compton processes and minimises corrections due to nuclear recod and form factors
of the target nucleus even though the angular acceptance of the system is finite. The electron and
positron will each be momentum analysed by two half quadrupoles, specially designed for small angle
detection, followed by a bending wagoel. These magnets will be located on spectrometer arms whose
angle to the photon beam may be accurately adjusted. The geometry of the syster sets a fower limit on
the angle given by #+=5",

The electrons will be detected by a threshold gas Cerenkov counter followed by a shower counter.
The Cerenkov and shower detectors have been designed to give the maximum discrimination against
knock-on electrons produced by ptons arising from copious p photoproduction in the target.

[1.5 Layout of Experimental Hall
The proposed layoul of the Experimental Hail tor the first four experiments deseribed above is shown
in Fig. t1.

The first experiments to run at NINA will use photon beams produced by allowing the circulating
clectron beam to sirike targets inside the machine. Brief details of the method of doing this were included
in DNPL 2. The photon beams emerge from straight sections and, after collimation and passage through
clearing magnets, strike the experimental targets in the Experimental Hall. The intensity of the photon
beam will be measured by use of a Wilson-type guantameter mounted in a beam stop behind cach
experiment,

Fairly soon after the initial operation of NINA an gjected beam of electrons {see Section 8.2) will be
brought into operation. This beam will emerge from straight section § and serve the Glasgow experiment
and also be used for calibration purposes in the Daresbury experiment. The beam transport system to take
the ejected beam to the Daresbury and Glasgow Largets is currently under design. The intensity of the
electren beam will be measured using a Faraday cup.

Three of the four initial experiments require momentum selection over a wide range of production
angles. This requirement entails the use of spectrometer platforms and six are currently in the course of
design for use in the Experimental Hall. For the speclrometers te move freely and accurately over the
floor, a special hardened steel floor will have to be provided and the material for this is now on order.

The d.c. power required for magnets is provided from 20 rectifier sets situated in a separate Plant
Room. Connection belween supphies and magnets is facilitated by a link-board which allows connection
of any power supply to any magnet. Electiical and mechanical services will be carried from the outlet
points on the North wall of the Experimental Hall via an overhead distribution system.

Most of the apparatus required for the initial beam is now being designed in detail or out to manu-
facture. The inslallation programme for the Experimental Hall will begin shortly with the rebuilding of
the main shield wall and establishment of survey points for accurate positioning of apparatus.

24

P



TIVE] IVINIWINEIXT 40 LOOAVT QISOd0Nd '] “DL]

% T855 00 €5 95
2 <
TIVH HOH12273 YNIN
INIWANOZ IYLN3WIY3Ad T
i 40 1NOAVT 43S0d40Ed

AN

dnoYD T004uIAn P
dnouD MOosvs €
dNCY9 AMNBSIAYYa 2
SAOHD YILSIHONYW |

Yo

-

|
Vi
AT .
A
A

oy

1 |

HE

I

: S g —

:

.

i i

1

)

|

:

; ..

;

:

i

! “

:

[

i

i

HI ~

o1

Hi

I

)

]

;

' g

;

.

:

27






