SECTION 3
INJECTION SYSTEM

3.1 Introduction
ol e

1£ 1012 protons per pulse is to be attained in Nimrod it could be :
‘oct about 1014, most of which will, of course, be lost even before ac
e The injection system has accordingly been designed to yield
gmwsmn._mstca pulse length of 1.5 ms. This injection time corresponds to
MMMHM of B at injection of 2 kG/s. Optimum injection conditions cannot
predicted since they will depend on phase space current density m.u..m..wu.m_.

15 MeV beam and space charge effects in the synchrotron., It is mﬁdwOme, 1
that the optimum will be covered by the available range of the umHmEmdem, con
The injection system is shown in Fig, 3.1(i); it might almost be des
conventional in its functional conception. The main parameters are 1lis
section 1, Table 1(I). =

The 15 MeV linear accelerator
115 Mc/s.

complexity, cost and electrostatic

energy, initial aperture desired, attainable quadrupole gradient in he
tube, and commercially available power valves were all considered in i
operating frequency, i

5 An mawuosm.f.,o inflector is Nnecessary for efficient injection of
aoB.: even assuming the debuncher to be working satisfactor and
onvey the beam Past certain obstructions to a simple inflec

Quadrupoles in the low and hi
gh ener drift ]
arranged o transport the beam and match M.M. over MUNMMM@Q@E

Beam current transformers (B.C.T:s); rluore Sce




HISTORY (Contd.)
. valve, RS1041, received.
dulator for r.f. drive chain Teceived,
. ¢ cavity received,

ow the linac drift tubes, which were delivereq
a period of nine months, received.

drift tube installed,
vacuum test on the completed linac,

Power fed into the linac for the first

3 obtained on 1gt Avgust, 1961, and interms ttently
i asic measurements, e,g, threshold ang
ch equipment Proved, but orerating conditiong
ficulties being sparking and Ecpﬁwmbﬁoﬂbm
Dower amplifier circuit, After effecting
i el

S obtained until
capacitor in April, 1962, ang not until late
Tepair realigeq, Since then good running
T cleaning drift tube faces to reduce

208 1ike fina) forp pag been
1ed study ag Possible of the beam
' been of 8reat value in helping
detaijeq component lay-
Proton bercentage, emittance,

jcs of the Injector

3,2 E
L EH Design o
3e20te

s ] Hﬂ i
(a) Preliminary work 20
: stage to adopt alternating gradient pﬁ&u.éo
A8 Ly mmowmmamm“mwbﬁmwﬂwwﬂ Mm<uozm way of ensuring the highest mommw. 1
the injector as % H.H of experimental quadrupoles were constructed as a md“_b i
S Mu.womw design. The outcome of this work was the determ m..w.. ]
magnetic and mwmomgm quadrupole gradient and a corresponding aperture. . om 3
P ee meHm.ﬂ.os of the dynamical stability of moooumwmﬁwm partic omm.w 2
opmn,o:.«muw.om:woswmmmm of the frequency dependence of electrical dem.“_nnoau.» e e
aomm,."umu ““Ed ecify a relationship between initial particle energy and freque
wmwwwwwmmﬂm MW this estimated maximum quadrupole gradient (1).

f the Linac

Subject to this Hmwmﬁ.oamwww

Me/s and 600 keV respectively, t be
www_nnu“walswzos accelerators and the availabili
The output energy of 15 MeV was ch




ering electrical field-strengths and j

nterpolag
corporated all the requirements to

an moomuww,au.m

1 further computation of beam acceptances wereg made
symetry and for a mumber of input phases ang
ion were also examined in some detail ang the
iy Finally a computation was made of the
of the quadrupoles on beam acceptance (4).

A..Eémv constitutes a matching system between the

Y Provision is made for a "four parameter match"

Tequired beam conditions, say beam radius and slope,
otry. This necessitates control of four Variables

 fact are the total ana out-of-balance énergising

1 triplets. There is a third triplet downstream

‘the linac input, its function being to handle the

r, the component which
to be Permanently set

igh energy drift space (HEDS) form essentially

fairly long drift space
capable of transforming
it passes with radial ang axial symmetry
the central drift space. The second
netrical beam from the debuncher to a

by a range of input radii to the

of focal Properties to the inflector.

© the 600 keV beam at the linac
urs is determined by the axial beam
this is fixed, the time at which
°Tnined by the buncher phase.
Ve been related to the

ER
Ltoor

ing,

OFF VALVE
DEBUNCH
EEDBACK

ITANK SHUT
F

[e——

SION
TRIPLET

|

N MERCURY DIFFy
V0=

VALVE

RS 1041)

CT,
PROBE
BOX

[ =T}

L

MAIN RE
8.

PUMPS

4 Jaw BOX

{

LINAC
FOUR 24 |

ACRUPOLE,

TRIPLET

J
QUADRUPOLE

SMALL qu,
TRIPLET
—=
LW )
BUNCHER
FEEDRACK
Loop
PROBE
BOXES
% O=C0=0{"]
BEAM
sTOP

L3t

| .,ﬂnu

“Top
HAT®

C‘]@v@l

BCT

VACUUM
VALVES

UM
DEBUNCHER

s

VACUI
\Z

/ALVES

LEDS
PROBE
BOXES

4 JAW BOX

650 |4

BEAM CURRENT

WNETW T

TRANSFORMER (B.C.T.)




3.3. Pre-injector
0D e

Ton Source

ol R.F.

(a) Present Source Assembly

The source is of the radio frequency type and follows closely the design
developed by Schneider at CERN (5).

kW
Early work was done with ceramic parts for the source body and cathode wwﬁwmhw»
and the circuit for coupling the r.f. power into the source was that described by

i i ts of 30-40 mA being

ider. Results were fairly eéncouraging, beam curren C : s
m,”wmmwmﬂ.m at extraction voltage of 10-15 kV. However, arcing took place in .....w@m..:..
Moﬁ.om at higher extraction potentials and the source life was greatly reduced at

higher current levels.,

SCREENING CAN body and shield which made for convenience in manufacture and enabled changes
[Ew.ii

The source is made entirely in Pyrex,
(Pig. 88 1(1)) . The whols assembly is att
from the ion column ang replaced as ga unit,

INSULATING SUPPORT

BOSTI The source Pot is made from standard 1 in to
/X is tungsten sheathed in Pyrex glass and the catho
ANGDE. Py of mﬁ.wx to the same dimensions as that used
. (1/64 in dia.) is used as a vacuum seal between t
the shielq and the mounting flange. Some diff enced in
B TtERNG | 800d clamping arrangement, but the method s n Fig. 3.3.1(1) has p;

[
| COMPRESSED AIR

CONNECTORS { : 2
: : A PTFR Ting presses against the shoulder of the sSource
coUneepor vwsﬂrwwmw,m SEB screw vhich is threaded 40 t/in on the ou
< 5 .- C¥linder which also forms a small pressure 5
CATHODE SHIELD b SXCiting coi) ig araldited. Compressed a D

| t .
rc. Ylinder through the connectors shown and
S BASE FLANGE the source bot. This prevents dise
CANAL | b to extraction pote

A Hnﬂwmo.«osn«mu.
to Teflected waye

Power of about




mm dia. and 8 mm long in the par

m.HHwH Part
turned recess in the base flange. Tt was
and, since it seems to give no obvious trouble,

» Two permanent magnets provide a tra;

NSVerse
in the source pot which increases the

ion densi ty

tained from this source in service, is about 100 mpy
and r.f, power very roughly 10 kW and & pulse
h 700 ps). This was measured by a beam toroiq
nd represents the total beam current. After
‘hour at this level the source failed by arcing
; ted at 20-30 mA for about 200 h so far without

on a laboratory rig and their performance checked
tor. A typical graph of total output current againsgt
Fig. 3.3.1(ii). The r.f. power level is optimised
Ltage and the beam current is measured with a

e magnetic field to suppress secondary electrons,

Taised above about 15 kV there is the

ading to an arc discharge. This effect has
Tactible problem in the development of the
d any parameter which affects the

- the effect of impurities in the discharge
_Pyrex sources, they were stuck

Y from internal arcing. Since then,
glass parts thoroughly and all 'O

has been much less troublesome

.ﬂﬁq acid then in dilute
er followed by distilled
Several hours. On one or two

n the Injector
contamination was

had not been |
und which allowed
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COLLECTOR cup
SIGNAL

100 5.

iv) Measurement of Total Ion Current drawn from Plasma

cti i 3 n, it almos
deterioration of the source. In practice if arcing sets “E« 4
Hmwwwm Mw the r.f. power level is reduced. : . e
ce:
. . it
Coupling Circui | .
i i resu. far as matching
i i bed gives good H.mmsﬁm as tching
imple circuit already momouw., . g
eWmmmww_M MoSmwmon,ch variations in output current oﬁnoo&MHdWMﬁow mﬂn.g
nom.omn.sm.o: of the tuner, coil or mounting plate are o&mﬁmm.,w Aot
oupwm.&wuwwmgw be to enclose the whole source assembly and r.f. ¢ iz
wou. ,

pox and this is at present being tried.

R.F.

f. cir

i so some evidence, not very clear cut as U.S.Y that the r.i cl
MWMMM MMmme.ow:m phenomenon. If the exciting coil is fed through wMM =
2 itors so as to be isolated from "earth!" as far as the oN.ﬂ.mo*wob. voltage 8

owmmowsmm the latter can be raised to higher values before m.H.o“Em takes pl o“.mu ig
mmwnweﬂ.bm effect is so sensitive to impurities in Fm n.wwmowmumm. woam.sou.mww mBﬂ :
is difficult to be certain that changing the r.f. circuit was really m§ 3 hi:,qiu

Similar effects have been reported by Tallgren at CERN (6).

Extraction Geometry

The perveance of the extraction system actually ovmogmm. on the machine
about 3.5 x 10~9 A (v) 3/2 which is congiderably higher than would be expecte
theory of Pierce (7). This suggests that the position of the plasma bounda:
not at the end of the cathode shield, but much closer to the cathode. A s
observation supports thig view. A special Pyrex shield was made in which
distance between the cathode and the top of the shield was reduced from 6
3 mm as shown in Fig, 3.3.1(iii) and the total output current remained th
Wwith a standarg shield, .

An experiment wag set up to measure the total ion current cross ing
boundary (Fig, 3.3.1(iv)). The current o the cathode could be meas
from the current to the collector cup. No effective suppression
electrons gould: be incorporated so the actual currents recorded a

Tecorded on the collector cup, with negligible current to the
extraction voltage of a few kV. ,

Thus it Seems that ion currents
the plasma, mpg




by the pepper pot to meH.os & Copper plate
ow & method, although a clear image could be
‘and even a single pulse produced a visible image,
d together with a polaroid camera for wﬁow Tesultg.
 between 2 and 5 mrad cm for most conditions,

‘these measurements was the complexity of the imageg
imes two or more distinct 'spots' could be seen

le in the pepper pot plate. When a transverse
tream from the pepper pot) the separate 'Spots!
lved into ions of different mass in the same way

ed ions of all species.

i )d measurement was performed using two remotely
. The upstream box was set to a 1 mm2 aperture and for
the transmitted beam was scanned by a 1 mm slit in the
 current through this slit was measured by a
ansverse magnetic field to suppress secondary electrons.,
ribution, in the divergence co-ordinate was found for
P . w.w.w?v and Fig., 3.3.1(vi) show emittance diagrams

lzontal planes,

rrent distribution in phase space is by no means

beam is in a smaller Phase space area than the 'total'
daries shown in Fig. 3,3.1(v) and Fig. 3.3.1(vi) were
) Points on the ourrent distribution curves at which

the total.

ribution ourves-have double beaks. A rough mass
8 from the £irst 4 jaw aperture showed that the

8 while the smaller one was due to molecular ions.
k' effect is different from the 'double spot!

ar ions may have been separated out by a
the experiment,

entre of the 600 keV beam is about 85%

_been contaminated the percentage has

Yy Which had a vacuum leak, the proton
‘beam was made up of heavy ions,

eV ,.gw.w described in (8),
Aluminium, The focusing

20 mA
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initial conditioning of the column was a dm&.oﬁm .Hﬁ.o,omm
i HM t no trouble is experienced at the present .nHEw. Whe
two weeks zﬁo atmospheric pressure, to change a source unit HO.H.
cmmswwmwwwsﬁwoﬁd trouble immediately after pumping down.
be &

: lengths of about 100 pus are
beams of 20-30 mA at pulse 0
EHM«_ wwomnoﬂwosu indicated by a type 1349 hand Bozudouu, “._.m,
ieter Wm.« point to the column outside the safety screen. simw_
e.wm Hmwm. mA for pulse lengths of 1 ms the X-ray level rises shar
abou

A large cylindrical electrode in the H.E.sﬁgm Gmbw%o“_.m is wwwm.,mﬂ,_

ress secondary electrons. No trouble is experienced with 0.0
mﬂ.ﬁm higher intensity beams of 1 ms pulse length the column Hme»‘
chain of 1500 pF capacitors to stabilise the electrode potentials.
ruming has yet been done with long beam pulses.,
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a 650 kV maximum positive

of 200 mA, 2 ms pulsed at 2 @:Hmmm\m, the output
5 kV during pulses.

of this resistor has been changed from an initial 3.5 M

emuw resistor designed and manufactured locally. The final o

~ the feedback amplifier is connected to the earthy terminal of

ago at 4 mA loading on test.

formance of the stabilising system hag been generally

polarity output, 4 pu

supply capable of remote control. -With pulse current Hommwzm up

voltage was to be

ﬁw.wmnﬁwaoaeoosmwmdmowm:mumoﬁomﬂwﬁn generator whose output is connecteq
.w nf' storage condenser via a charging and surge protecting resistor. The

Q to 10 M (Fig.

1)). Comnection to the H.T. platform, which houses the focusing and ion source
68, and to the d.c. accelerator column, is via a 10 K Q discharge current lim-

utput voltage is measured

a resistance-capacitance divider connected to the H.T. platform and situated
Ammediately underneath it. The low potential end of the divider is returned to a
able stabilised reference voltage for control of the output voltage. The

d ' bapping point feeds a wide band d.c. feedback amplifier. The output of

the 25 nF storage

condenser to give fast correction, and to the excitation system of the electrostatic
enerator to give slow correction and mean output level control.

The equipment was delivered and installed in April May 1959. The high

'age generator although working satisfactorily at 600 kV does not at present
ride an adequate safety margin and is therefore still under development. The
enerator (installed October, 1962) has delivered 675 kV generator terminal

satisfactory; re-

o output stages of the amplifier (a voltage amplifier driving a cathode

cted to the storage condenser) is in hand. 4PR60A valves are being

4PR250C valves which have higher power diss

servations,

for example during E,.H.T. voltage
commi ssioning,

indicate that it is adequate.

Source Power Sup plies

ent_and Operational E perience

ga comecting the platform to th
S of 115 V, 2000 c/s single
circuit use) are generate

round by four 18 in diam
e tubes house Tespe

ipation and anode

Y+ Bxhaustive measurements of Stability have not yet been done

calibration tests and

éﬂos ;ﬁos source c.w.r.f. 'keep-alive! supply) the supplies
form: Output 1eads to the ion source and the lens

phase, 220 V, 50 c/s
d locally on the

eter paxolin tubes
ctively:—

Fij

Condenser and H, T. Platform,

.T. Generator,

. 3.3.3(ii) View of E. H




3i) Four 1 in dia, perspex rod light guides for timing ﬁﬁﬁwm%a
pulse monitoring,

i1i) Polythene tubes for filtered cooling air which is piped &o ww&.

on the platform,

. % bes carrying compressed air which is used for opera
& M@Mmmsmmsmwoxﬁmwswﬁ cmi. 02\9%_ and signal back circuitss &QB :
tube rotary drives for Variacs and w.o."msew.osw.wmwm vooswuou.u.w.rnmw
levels. There is also P.V.C. tubing omH.H.u\u..sm oow.ubu.w,mmma. m..,“_.H.. pe
source cooling and insulation, and polythene .mﬁdu.sm for the .._.mmu :
hydrogen feed. Terminal equipment is housed in a cellar immedia’ L3

the platform support legs.
The platform units are as follows:-—

w.@.cﬁ.&xmu&mm&&.w.m:ﬁ@H%wH.Hmncmso%u.mw Eo\m sosu.:m.__.w
output power 10-15 kW into 500 5 2 vﬁmmm\m maximum. 5

This was designed within the group and uses an ACT 25 triode in a o.o,m
cavity driving an ACT 28 triode output stage also using a co-axial ca; M%m WH
valves are anode modulated by pulses from a delay modulator using a 5C22 t!
switch. The variable H.T. supply for the modulator is a voltage doubler us
250 TH triode valve as the second rectifier. This valve is cut off dur
immediately after the output pulse by a signal derived from the oiéuﬁ. %

Reliability has been generally very good; the output power was inc
appreciably above the original level by improving the match between the
driver and output valves and by altering the delay line impedance
change used existing components with a consequent reduction in pulse le
1.2 ms; a line of correct length and impedance is to be provided. =

y . I N
Extraction Unit - a pulsed positive polarity supply; output varia
25 kV;  pulse length variable from 50 us to 2 ms; 2 uﬁpmwwm\m ma3
output pulse current is 250 mA. Stability during the p ]
maximum loading., , et g

2 The circuit uses a series selected CV2416 valve
wmw&,mcw loop operating only during the pulse peri
mmmwwmow amplifier being at the output potential

1 @8 a pulse switch i — e
local ground, | . I m.m gl uwmu.nosﬁu.nv%u.&

During initia) commissioning conside

from the .t unit causing in, H.H,om.mmo Vo
e use of clip ing and 1 Amw: ; y
by fitting a pho o-multiplier valve

S A re S




Initially, the multi-stage rectifier mcdlcu.ﬁ&w which provides .mHMMé
the electrostatic generator, proved unreliable in its 2000 o\m version. #
redesigned and has since given no trouble. L

: .3. an ion gauge head on the ion column, | R.F.

pick-up also caused appreciable variation of the output voltage
y 5 x 10~5 torr).
-

the pulse. This was cured by fitting an r.f. by-pass condenser directly

R to cathode of the first stage of the feedback amplifier. Some H.NMH:HWm ‘hav
> housed in the same chassis and the units | occured in inter-electrode insulation on the 4PRE0A valves and also with o
t the Laboratory on the 50 MeV proton lineap particular relay.

| Low Voltage Focus Unit - A temporary unit was originally wsmﬁmHHwHw to @mdﬂﬂﬁ:mm&%
Initially, a unit using a photo transistor Hmm:ﬁ..mﬁmﬁm for a H..Msmw supply; this E.:# is still in use and is an unstabi ised
talled; due to its sensitivity to r.f. radiation negative supply variable up to 10 kV maximum. 2 -
variations it was replaced by a photo-multipliep \

i R e
currently being superseded by a more sophisticateq At present there is no intention to replace it by a more refined stabilised ¥ :
currently being £ unit as its behaviour has been satisfactory. = 3

; A Keep-Alive R.F. Supply - This is ;
Epw“ ”Mﬂmwmwmmaswwmwwm Moummmmwsmwwwswowwwwwm on the end of the accelerator colum. Tt is a twin tetrode oscillator mw<m.,.sm.. a
he platform end of the link, lower level g:w. output of a few watts at a frequency of 70-80 Mc/s, coupling to the sou:
b Tovel. via single turn loops around the source hydrogen feed pipe. Its function is
Es provide a low level continuous discharge to ens
rovides two outputs - a 20 V, 20 us, trigger r.f. pulse,
ator and a 20 V pulse for gating the extraction
g of these two pulses is variable at ground

situated adjacent to the ion source in the 'bun'

The unit has given no trouble.

standby) for transmission of i bl
s to 2.5 ms) pulses; relative timing

1se is variable in the control room. A
traction pulses (pilot and short)
modulated light discharge source is
ier as receiver. Overall timing

two channels are available for
pment to the control Troomj
*100 mV to *10 V can be

e

is fed in separately. Light

om 20 to 125 kV
laximum pulsed current
pulses is 10.25%




TABLE 3.4.1(I): LINAC CAVITY PARAMETERS

\'s
Input energy 600 ke
near accelerator cavity was strongly influenceq by Output energy 14.9 MeV
es, of the Alvarez structure, should contain ] 115 Mc/s &1
forces dependent on operating frequency, Resonant Frequency i e
adius, were balanced against the maximum y th 13.45 m =
a practical e“mmwéo; that can be contained within 4 Cerup e g : 1.6945 m
basis, the minimun diameter for the drift tubes and the Cavity diameter (nominal) i

lven acceleration rate, were determined. Also, in ot 5 i .
axial length for each quadrupole magnet, drift tubeg Number of unit cel
on and small gaps between drift tubes, were desirable

Drift tube diameter 28.15 cm -

; D.T. profile radius 3.660 to 6.579 cm
-entrant unit cell cavities (9) supplemented by some DD Panen s i 2.106 to 4.948 cm
asurements, was used as the basis for the r.f. design. : Y

tant nu.mw._n tube and constant cavity diameters with Aperture profile radius 1% 28 cm
tained by an increasing gap to unit cell length ratio. Unit cell length 9.638 to 45.527 cm

1o at the high energy end of the linac is achieved by

he drift tube profile radius along the machine. Gap length 1.868 to 13.311 cm

4 Support stem diameter 4,445 cm
engions were determined by precision model cavity .
quency of 1000 Mc/s. (10). The resonant dimensional data Theoretical Q factor 108,000

rm in which all dimensions were expressed as functions Measured Q factor 80,000 .4
hat it could be used in the computer programme which 3 3
butions and the synchronous partiocle motion (3). Calculated power required

for 30° synchronous phase 802 kW
1eters are given in Table BRAN(r) . angle at the measured Q

Frequency tuner range t 23 ke/s
Flattener tuner range % 300 ke/s
: End to end field tilt
: ,, range of tilt tuners = mo*

3.4.2. Linac Construction
——=r vonstruction

The linac cavity is fabri
e y Ticated from




i hatches for ac
: vity wall form f cass 4
t-outs in the 57 ver plates usin
2 Two large u@a¢m§murmwu can be blanked off ,cwooms K,owa@ &m?wmzmwwdmw.
he inside of the cavity ¥ ity. There are mon_m.wm . ._“ i 2 o
8pring r.f. joints to me Mw«ﬁw.amﬁ and 24 Hozmp.wﬂww.wzwwwwm er pipes are soldepes
° 18 .
wo»ﬂwmﬁawwmﬁwpmww,‘m.w cooling and temperature stabl
d from a pair of machined copper spinyiy ;
11 is constructe 0 ; &
Join Mmmw mu..._.M.n H“WMHM”MH& weld, with an axial «z@mﬁyswwmwmmmwmwMWm wwmicwm,
oined by a circ ition at each end. The shell is loc : quadrupole
soft soldered in WOm p“ supported by & horizontal and a <mw5nmu‘m¢oms. The eng
Wwﬂﬂwf M aﬁs are carried on the cavity framework and designed to alloy
ngs of the stems of freedom. The support stems are
al t of the drift tube in all degrees : :
igrment o + soldered into the drift tube shell, ang
sheathed with thin copper tubes, goft 8o 0 i : I
de between them and the cavity wall via flexible gaters and garter
s s g i intained in the drift tube shells by pumpi
spring joints., A rough vacuum is main . . : e
on the <ou3omp stem, This stem also carries shell water cooling pipes. The
horizontal stem carries the quadrupole conductor pipes. The arrangement can be e

in Pig. 3.4.2(ii).
3.4.3. Installation and Operational Experience

’

Drift tube al ent

The use of quadrupole strong focusing for the linac demanded very accurate
alignment of drift tubes on to the axis. This alignment was carried out using a
telescope, mounted from the cavity output end face, which could be set on to the
line of sight between targets in the input and output end half drift tubes.
Alignment was then by viewing targets in the input and output end of each drift
tube bore. The targets were of metal having spark eroded V forms to which the
telescope cross hairs could be set. A separate target plug was required for each
drift tube because of their varying bore diameters. Alignment of the ends of each
drift tube was to %0,003 in in each plane and the mean of the measured
misalignments of the two ends was less than £0.002 in in each plane. The
misalignment between magnetic and mechanical axes was previously determined and
allowed for in the alignment process. (Errors due to all other sources were
estimated to be less than 0.002 in).,

Longitudinal positioning of drift tubes was carried out using a telescope seb
up on a line of sight external to the cavity and parallel to its axis. This
B A & 450 prden 5o that it could view drift tube faces
s dM“quuﬁww.bm slots, and was mounted on special rails running the

Fad By veceinn . stuances from the input end face of the cavity were
oo .douum the telescope position to a calibrated stainless steel tape:
0ing applied for manufacturing errors in drift tube lengths =
Or in the overall cavity length allowed in manufacture, the
aput o 08 Yaried between £0,002 in at the input end 0

| nd of the linac,

.rf
oy 1ty M8
- electric fielq mwosmgmumﬁmdromﬂg owﬁd% Muowwg

2o teohnique. The linac was designed 0 °
Stions of the cavity tuned to the same " Since
S8ty proportional to unit cell lengths-

Fig, 3.4.2(i) View of the Linac with the Vacuum Lid raised



14 distribution across each gap was known the mid-gap fields
tpne fie
5 o ted lon cord, was
re of 0.4 in diameter, supporte omp a nylon S ASHLE
A ﬂwwmwomwwmsﬁw the cavity excited by a lock-in oscillator. F M“ Rt
perturb e e OF about 100 c/s in 115 Mc/s were measured by a digital iy e
%H&:H.cmﬁwoﬂ_pm short gaps at the input end of the linac the sphere was QMW : ,
O to the curvature of the field, and measurements were taken ﬂ_,m 5 Hm; ;
- Hmumwmmmmﬁ..m between the flat faces of the drift tubes. The two methods o: L
wHwo”MmMmzd were overlapped at a suitable point along the cavity.
meas:!

VACUUM VESSEL BASE

The axial electric field was related to the magnet field at the om.<.wmw amwwn
easured by frequency perturbation using a flat metal H.vu.m.&m placed : o:.m
B slots, and in the final stages of the field flattening @Hoow.&.ﬁ.mw it was
uswupmmgmmmdw to measure this magnetic field distribution. The electrical length
Mw Mwm cavity is comparatively short and it was an easy matter to adjust the

flattener tuners to give a field flatness of *1%.

R,F. Operation

The first attempt to feed the linac with high r.f. power was made on 1lst July
1961 and the first 15 MeV beam was produced on lst August 1961, Operation in d
early months was severely affected by multipactor discharges, the effect of whi
was to prevent the cavity fields from rising, above a very low level. Mul ti-
pactoring usually occurred on over 20% of all Pulses at a pulse repetition

frequency of 1 uﬁww\mf and the multipactor rate rose sharply as the pulse
Tepetition frequency was gowommmn.

Several methods to overcome multipactoring were tried in addition to -
careful cleaning of all drift tube surfaces. It has been observed on other
tube surfaces become conditioned agai

Be : . Also, the rate of rise of r.f
s:wﬂwgmy amplifier was increased greatly in an attempt to drive t]
ipactor level ag rapidly as possible. The rise time of the r.f,

Fig. 3.4.2(ii) Cutaway view of Linac,

lnac vacuum syste )
°il vapour, mpe next appro
© drift tube faces with

Col



. aoﬂm,.ww@uwﬂ.o increase in X-ray production at high
these short gaps have been cleaned of carbon black
h@m&g‘nﬁ:&. As time permits the effect of cleaning

it is believed that field emission of electrong
gn t source of r.f. power loss.

VACUUM
VAC-LID _ LOWER SURFACE OF LINAC-CAVITY

AR o VACUUM

VAC CHAMBER BASE

o® 110 52

Z

BELLOWS
AR

YWM

~

~ HT
{x)245 f [ ] PULSE

|-POLYTHENE CAPACITOR SLEEVE

s 8l . |
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Drive System

3.4.4. Linsc BoFe

of Valve Circuit

D B

. i i .5 MW in pulses 2.5 ms
required to provide r.f. power of 1 m. ‘ .

5 MWNMMM_ Mwwm om up to 2 pulses/s maximum. Provision of this level of

repe

inding a valve (or
ok 3 ency of 115 Eo\mu presented the problem of fin by
ove wﬁswﬁmummwﬁdem geometry, and a cathode equal to the unusually long pulse
valves

igi i i i BW165 in some parallel -
i riginal intention, to use six E.E.Co type ; e
mﬁ.mﬁomm mMWMstBM:ﬁ was abandoned when the use of one Siemens' type RS1041 was
wwmwwwwsﬂw advocated by the Siemens Labs, :
i i try far from ideal for
i lve, designed for 30 Eo\m operation, has a mmoEm. y :
mw_wwm MM E.w Mc/s in a co-axial type circuit, but its ability to meet the long
wmmm requirement made the circuit design a worth-while undertaking.

At the outset a decision was taken to couple the anode~circuit of the valve
direct to a loop in the linac-cavity via an impedance transformer, and .Sim avoid
the use of a matched coupling line with possible problems of breakdown Q:Hubm. the
nis-matched 'build-up' period in the cavity. This decision was the Hmmﬁ,.w:%h
experience with a type BW165 valve, driving a cavity approximately equivalent to
2 it cells of the linac, The r.f. arrangement used in this experiment differed
considerably from the system designed for the RS1041, but the common factor was
the use of direct coupling to the loop via an impedance transformer. The ;
experimental rig performed satisfactorily both as a driven system and as
valve self-oscillator, producing about 45 kW r.f. in the cavity. A fur r
decision to isolate the anode system and cavity loop from the vacuum system

ﬁwmﬂmmommb H..Smcumﬂbmuwmwam&mgwsmn in some degree the basic layo
BS1041 circuit,

1 on the external circuit dimensions. Thisg coupled w
wm%ms decisions mentioned, had to be arranged to provide impedance tr:
imm anode to cavity feed-loop, and tuning for resonance of grid—catk

impedance matching of drive-power input-line, .,

wsoamwmwwm Circuit - An anode impedance of ., 210
00D impedance arbitrarily fixed at 502 . The

Direct transformation of 0.6 Q

98 not poggipy o s
e for :
ave be OT various stru

ing unavoigabe. The diam
and the necessary an
UL inner—condyc




3.4.5+ Drive Chain

i i i RS1041, in
.f. power is required to drive the 5 :

Apout Eowww w. Eq.u The 'drive-chain' amplifies from crystal—osci ,
4o an output M total of 10 stages, the first four low-power stages g ue
to 140 ww M_wﬁwﬁ.wowﬂob from the crystal frequency of 106.481 Kc/s e
'requenc. i [ rEpTas
g illator and a x 10 stage have a short-term stability ofew1 or 2

= omMMH,B of 1 in 107. The three further stages of B:Heuuwwowa%mu
and Mowww_m..go\m at an output power ofed3 W c.w. , b
g remaining five amplifiers are pulsed and are all ooumago.«m@,

L - a half-wave co-axial anode-line tuned at its open end by
el %ﬂmu the HT pulse fed in at the voltage node, and the r.f. output A
slug, sws the same region. The grid is grounded, r.f. drive ,o.mubm applied
wmwmmwlomﬁwomo element, a suitable input impedance being provided by c 5

the supply-leads.

This chain of five uses valves in the order:—

W —> ACT.25 —> ACT.25 —> ACT.27 —> BR1106 —> BW165 —> 1

x 10 x 10 x 6 x 10 x8

Z,.o;%ﬁ?osgmwﬁ&wmm&ﬁo%oowg&o circuit of the
stub-supported '3 inch' 50 @ co-axial Tanciaas ; X T

3+4.6. Modulators

Two modulators are used, one to operate the five nuw<mlm.¢m,m.mm
tapped wﬁuml.meSmon.smH. and a 'main' modulator to supply the R
on this modulator ig also provided to power the BW165 -driver, :

Pulse Voltage

Pulse Current

Pulse Length

Pulge Recurrence

Pulge Rise-time

Pulse Voltage Stability

Pulse Voltage drop

These Tequirements have been very
T faults the Eonﬂwm&ouﬂwﬁmﬁdo. ol




ence sonant-circuit and matched out-put line
glmammn.«wm .MMM_WWQMHBMMMHQ Tapering from the 12 in dia. co-ax at the
smaller diameter transmission line and a dummy load oocHn.w have beey

but was not considered justified in view of cost and time-scale,
- disc-shaped loads were tried in E.mom of the 500 ’ loop an
kW were measured in this way, musm%m limited by tracking break
,Mﬁ .mwam,».n« at the centre connection.

d powers yp o
BN o eXCessive
After installation under the linac, the system was Tun-up in air unti] e
reakdown occurred. When everything was oquummm.gpm level was Teached wity ,
8e to the RS1041, corresponding to about 50 KW in the Tesonator, if gy
efficiency of 60% is assumed.

.w.@ Operation with the linac evacuated, does not affect the drive circuitry except
 for & slight change of frequency which is well within the bandwidth of the circuits,

nce the 'multipactor' effects were eradicated attention was given to the operation
‘the system under self-oscillatory conditions.

It was known that some system would need to be evolved eventually, to allow
the high reactive loading of the cavity by the high current beams ultimately
) + Automatic control of the source frequency during the pulse was a

v:.wp mop&lomo»wumeoskmu\m«mssﬂuw.:pm resonator the sole frequency
inant was move attractive on the grounds of simplicity.

ystem has been in o

8] peration during most of 1962, and apart from the
tor troubles mention

ed earlier the system is apparently reliable and

drive includes a half wave 'line-
over all phase-relationship for
can be obtained by reversing any

nly two valves, further simplifies

. matters by eliminating the
OT8, The tapping on the 'main' -

modulator provides pulse power

Ver 3-4 mA places sufficient loading on the
arrangement of r,¢, ‘Power level stabilisation for

't has been in use for some weeks, giving good
: Advantage was taken of the wide -
obtainable merely by variation O g
3 Via 6000 and shunting the velve
> the field level in the linac %
' &rid-voltage, Mo complete the feed-ba 3
°n Via a loop to a diode rectifier WMH.
ion of the pulse is 'clipped! of
D¢ passed on through amplifier®
the feed-back is such tha
S a negative signal, thuS

: ; nd

BW165 H.T. voltage to rise giving increased drive to the RS1041 2
B oximately 2:1 in power—level will need to be controlled by this
ppT

arange of A0 ed boam of 50 mA is realised.

evice if an acge

d

Fig. 3.4.5(i) Rear view of RF



3.4.8. Linac Quadrupoles
va Basic design parameters and construction

The quadrupoles,

art of the linac m&.m.cal :
designed to provide a H“Mwwmmﬂomnmg or defocusing impulse meHdvaw Moocmw:m
along the length of the linac. This means &umﬁ.ﬁWMwm mMMmWMm<M Mmsmwu o
the quadrupoles follows the law Agpp o B-1, where »omw pmé mmZ oosm.pamwww a
gradient and 8 is v/c (v- proton velocity). The linac unit ¢ on
the calculations was as shown in Fig. 3.4.8(i).

Pig. 3.4.8(i) Linac Unit Cell

Drift tube

-+—

Quadrupole

]
!
|
I
|
|

mew focusing period,

In caloulating the effective stren
field gradient Ay inside the
assumed. The gradient of the
apertures, input

magnet,

ts of other

(13).

3 mwﬁ ‘mild steel
tapered poles (Low

or detailed experiments were
workers were use

!

gth of the quadrupole Aorf in terms of the
no fringe fields) were

(and hence drift
frequency are all closel
parameters appears in (1

hard edged magnets (
input quadrupole magnet
energy and linac r.f.
~ the selection of these

Yoke to which the drift-tube support stems
and soft iron pole
high-current conductors are
With a number of cross-—overs

YMoor Iron Grade B)
0llow, Ho_7<o§mmo.

ngS.  These are wound
‘unequal .wow.«gm effects

Was chosen to g
net winding
: 'S enter

tube assemblies, were

interdependant.

Performed on the pole tip
The magnet calculations are

The ratio of :

ive the minimum temperature rise

Was formed from a continuous

ing and leavin,

 high-pressure water (100 1b/in
end of each conductor emerging %H.oa

M or electrical troubles at this

n
glass for insulation dmdawwm
Steatite sleeves ~ -
® yoke (to allow an argon




Fig. 3,4,8(iv) Magnetometer used in measurements at the Laboratory.

f the @zmmwcwowmv. Insulation inside the

rt assembly O
afyor o2 The two conductors leave the

a :
wold O be MM@M is provided by woven glass mwmma.:.sm.
aﬂ:\;.éwm combined vacuum joint, made of a split neoprene bung.
ten Vi2 &
a 100 M Q2 (500 V Megger test) was

resistance to frame in excess of

H«,mimiosw arift-tubes after trouble from nconducting" neoprene (heavily

smmmzwmmwmmwawwbgmowv had been eliminated. No vacuum troubles have been
W z :

Magnetic Measurements and Testing

(v)

A comprehensive series of mechanical, electrical and magnetic tests was

wmmocaosomow pzmmwzw&m@wwouﬁo s&&zmosgmﬂwwwdldsﬁvm mvgbu.bmm.ewomo
omﬁm were carried out at ﬁumamscwmodcﬂmu_m.>W¢H§mﬁmmwwmm owammmsﬁmamsﬁm
mem M.&.ﬁma out at the Rutherford Laboratory after delivery of the owBEm.«m& :
drift-tube assemblies. (The magnetometer used in these measurements is shown in

Fig. 3.4.8(iv)).

(i) Sub-assembly tests at the manufacturer's.

correct orientation of winding pre—form and

Mechanical checks —
yoke; condition of pole tip surfaces, etc.

Electrical checks — measurement of d.c. resistance.
— measurement of Ag(gradient)/I(current).
— checks for shorted turns : two rejects.
- insulation winding/frame : three rejects.

Magnetic checks ~— position of magnetic axis relative to pole tips 3
one reject (shorted turns).

orientation of transverse zero potential planes
relative to drift-tube stems.

mo:wom/\mww.wmmmm of failure was investigated fully and corrections made at the
o e trouble. The acceptance limit i i
e Ll §9) e limits for these magnetic and electrical

Insulation 4 10MQ (500 V Megger test)

M : 5 s
agnetic Axis b3 0.002 in from centre of best tangent circle to the
four pole tips.

H_Hm.Sm<mH.mw posit A e scratch
planes uv 0.2 from correct iti i y
5 ition (as defined D
marks on wowmv .

egsm.m.:me.woﬂ
Toy ests were based on rotating coi i agn
TS used were developed specially for the M:Huowmdmowuwo.com 3 e S hos

ﬁ 1i) T t t t—tube ord La t
v €818 on completed drif ubes at the Rutherf Labora orT,
e

Measurements were carried out to determine the Position of th
© magnetic

3%y



t-tube relative to the optical axis ag defineq by FEED
he drift-tube bore. The final optical alignment of
made use of the corrections obtained in these tests
ruction of the drift-tubes, the central tube 4

RESISTORS

QUADRUPOLES

DRAIN

RESISTORS

uadrupole. ) niie
‘quadrupole.

n_bmmo,x_a:rwoi
rotating-coil magnetometer was used and the OPEN Low

1)
ted to be better than 0.00025 in.

lation resistance after drying of the quadrupole C@
and after replacement of the neoprene bungs, sho

wed
s of 100 M Q (500 V Megger) for every drift-

tube magnet,

upplies and Gradient Boxes

are connected in six series groups, each group having a
transformer rectifier set with an LC filter.
ons to be obtained along the length of the series

poles, difference currents are fed in or led off at the

ient boxes is to control the feed and bleed currents
nt distributions to be obtained by switch operation and

the group of quadrupoles only. The two distributions
toi~

X CURRENT

MONITORING
't boxes (Fig. 3.4.9(i)) were calculated using POINT

e and the A /I measurements referred to in 3.4.8(b).
N.Mw,m used in preference to current stabilisation

F itates setting up the current distribution

of the input half quadrupole and the

ing leads for the first and last groups

and the output half quadrupole. The

tained constant by the use of

-
GO0
@

XL
o

+

VOLTAG
SENSING
LEADS

VOLTAGE
STABILISED
POWER

SUPPLY




flector

A and In
prift Spaces
3.9

p,«
s 5.1, LEDS ond HEDS Quadry oS
: 3.5-1¢

4 used in the low energy drift space (3 triplets) mn.a

o Mwwmmwwmwwmg triplets) for beam matching purposes. The required
the wwmwwwmwwwgg and apertures were obtained by computation.
value

s were designed in the same way as for the linac i

L @cmmwwwowwnmmsmwg are oosm.wwdzog& in a very.similar manner. The main
mcmﬁc@owwm between the linac quadrupoles and the beam matching n:maﬂ:wowmm are
ﬁwwmwm:owmm@mwdﬁmm (2% in, 3 in and 3% in diameter) and the smaller gradients
ﬁumawmummﬁmu. The dmmﬁm matching quadrupoles have gradients in the H.mm.vm ow_. Hon.u to
m%o mwﬁmm\oa and those in the HEDS of 300 to 400 mmcmm\os. The E@m&oewo circuit
design is common to the gquadrupoles in wog drift spaces; the difference between
quadrupoles of a particular aperture lies in the number of turns/pole.

osﬁ\mwmogwomw@cmmdmsmumoosaco&m@o: &wmdmm.samdowmbm@:mmgwowmmu..z <u..mw€
of their relative accessibility and the excellent agreement found dmdiwms Bmmwmbm.omﬁ
and magnetic axes with the quadrupoles for the linac. These involved investigation
of the number of turns/pole, shorted turns and insulation to frame.

, 4 jaw boxes, beam

Bach triplet is powered by a transformer rectifier set with an output LC
filter. All three elements of the triplets are connected in series, with the
outer elements adjacent to each other. This enables the outer elements to be
shunted relative to the centre element or vice versa, Low resistance, wide-range,
adjustable shunts, using transistors, are employed to give *15% out—of balance
control. A description of these shunts can be found in C.hv.

g quadrupole triplets
and probe boxes,

in

3.5.2. Buncher and Debuncher Cavities

General R.F. Design

29 Both buncher and debuncher are single gap cavities of re-entrant geometry,
Msﬁﬁpmu to a single unit cell of the linac. Their design was based on published
dm 2 (9) and accurate resonant dimensions, given in Table 3.5.2(I) were determined
¥ model measurements at 1000 Mc/s.

TABLE 3.5.2(I) BUNCHER AND DEBUNCHER PARAMETERS

current transformers

Buncher Debuncher

Frequency 115 Mc/s 115 Mc/s
Cavity diameter 41.054 in ; 41.054 in
Drift tube diameter 11.084 in 11.084 in
Drift tube profile radius 2.590 in . 2 Wmo in
Cavity length 11.309 in 25774 in "o ex &
: s o
ap length 0.805 in 33290 Uinan inatian

(with grid) (no grid) oo

Drift tube a ur ?
; perture 2.250 i ST 2 3
a . in Gk Ay
iameter (aperture through - 3931 §
grid)

Fig. 3.5.1(i) View of LEDS show

5%

3 Mo




cher, a high value for the ratio of shunt impedance The end faces are also of copper plate backed by stainless steel
buncher has an artificially loaded Q-factor to surfacese
At the same time a short axial length for the Both cavities bave separate vacuum envelopes; the debuncher has domed end

SR s 11s but the puncher has flat end walls %o minimize the overall length. Both
wa

such that it is not practical to reduce itg pumped with single 9 in mercury diffusion pumps.

value shunt impedance was chosen. For both
was desirable. The theoretical figures for operation

in Table 3.5.2(II).
| Only the buncher cavity has been

AND DEBUNCHER THEORETICAL suffering from multipactor troubles a
POWER RE S d.c. bias. The bias, of up to 3 kV,

makes Tefe connection to the cylindrical wall through a capacitive uﬁb
by 0.010 in polythene sheet.

operated at high power. This cavity is
+ the present time, in spite of the use of a

is applied to one cavity end wall, which
t insulated

Buncher Debuncher
One cause of the trouble may be T.f. field leakage from this joint into the
21  keV 200 K cavity — vacuum vessel interspace. If the bias suppression of multipactor proves
& unsuccessful, the buncher surfaces will be coated with carbon black. The
£ 22.8 kV 230 kV debuncher cavity, which is to be commissioned early in 1963, is also designed to
S 26,200 35,100 have d.c. bias in the same manner.
G20 - 3.5.3. Steering Magnets
LT 6,030 W - Gt
5,040 W _ Beam steering facilities are provided at the output end of the linac, (14), &
’ 6,030 W using four magnets (M to f.v, and at the inflector using two magnets Qnm and HmV. B
n ] © linac , 1.44 m 10.7 m ..
i The system consisting of Mj to My is designed to align any matched output beam

from the linac with the theoretical beam line. The requirements of minimum

designed to occupy not more than about 1 m of flight tube.
steer the beam vertically and My and My steer the beam horizontally.

connection of the adjustable half drift
oluted copper diaphram. The buncher has
e in the linac, one of which can be

gle fine tuner which is servo-operated.

The magnet design can be i i : : 2
given in Table w.m.uﬂv. seen in Fig. 3.5.3(i) and the magnet param

loop coupled to the linac.
pling from some point in




NG MAGNET PARAUETERS

¥y L 4
8 D, 5
16 10 10
20 15 15
40 25 25
20 iL5 15

6,850 | 6,360 6,140

1.075 1.6 1.54
44.2 41.0 39.5

200 125 120

240 200 200

steered vertically.
remotely operable

o] wﬁwwﬁa&m up to 2 kgauss in either direction.
ower supply, Fig. 3.5.3(ii), is used to power

' 15 MeV beam from the linac must be
llel to the central equilibrium orbit
: gy resolution (16). To permit
5 Ting and to avoid excessive
on is achieved by means of ~

uctions on to the required
A suitable

12v
! 'ORMER !
TRANSF
RECTIFIER SUPPLY]

Fig. 3.5.3(ii) Steering magnet supply circuit

I/ €

N

MAIN VACUUM VESSEL

O700M _\uo.mo &




Fig. 3.5.4(ii) View of achromatic inflector system.

e this deflection by a single

‘mplest solution would be to produc
el solution showed that this

tron.
pynonTo i ti f the resulting momentum re
t investigation o g
mumamswmwm: in an effective increase in emittance of about 48%. >m.$.&.m is not
would ed to design an achromatic system. This consists of four

ple it was decid

socerta ts followed by the electrostatic element.

gector magne

nets E1, E2, E3 and E4 have apertures 9.25 cm vertically by 14 cm )
Hw&mm_ww Wmm mm,..o wwmzm of 8, 8, 8 and 5 kgauss Hmmwmo.w.:mwm. It was found wn.vmmwg.o
4o shim them to give .mmﬁ proportional to radius to within wo.o&\\a over a require
good field aperture of 8 cm vertically by 4 cm radially. This was achieved by
chimming first to give constant field in the central region of S.:w magnet and then
adding end shims to give an effective length proportional to radius.

Since the injection radius is not yet known precisely the system has been made
adjustable so that the beam may be injected from any position from the edge of the
good field region to up to 4 in inside the good field region.

Investigations of the focal properties of the system showed that emittance and
momentum defining facilities could also be incorporated. The defining apertures
provided will allow the definition of 'pencil! beams which can be used during the
commissioning of the synchrotron and also of matched beams 3...3 during normal
operation.




red at 12 points along the injector by means of
T.s) Any three of these may be selected

ble oscilloscope either in the injector

. The system is shown in Fig.3.6.1(1),

an amplitude reading which is compared with
known, adjustable, amplitude which can be

metal (it,> 50,000) cores 6.5 in o.d.,
e, for long pulses, is wound with 100 turns
/ity for short pulses, is wound with 10 turns.
the core, which also has 1 turn carrying
, diametrically magnetised and opposing each

—s BEAM PULSE

4
nt transformers for electron suppression.

They have low impedance
ctor control room and the main

TOROIDAL TRANSFORMER




(a) Calibration Boxes (No. 1, 2 and 3)

; . A e Wmﬁw
These contain tpransistor circuits for delayed triggering and For the Eoggs s |

the calibration pulse. The controls provided give — i dﬂ ._
g £ the calibration pulse currents; direct reading of the beam o |
e c :
MM_WHMMW@M by a meter; variation of the calibration HEHmM &Ew .Qmwm% SWHB
i i t control of the pulse le K
e>E§_Z_C§ END FLANG respect to a standard trigger HEHmA.w inputs zol 07 Sh= i o Hvﬂum,«Hmo <
ES 3-channel selection of the B.C.T.s; selection of the e 3
Qw_».’mm CASE route; monitor outputs; and fault and warn indication using e

operation indicators.

(3)LARGE TOROID
(4) SMALL Toroid

The calibration pulse characteristics are -

Amplitude continuously variable (4 ranges) 10p A to 100 mA

SPACER Accuracy Hm& g
\\o RING MAGNETS Pulse length 100 us or 2.5 ms
° GLASS RING Delay with respect to the input trigger 10us to 10 ms.
° VACUUM SEALS The response of the complete system to a 2 ms rectangular beam pulse is

limited by the amplifier output stage and the dmwmsom\su,cm.u.mboo transformer.
The rise and decay times are less than 2us and the pulse droop is not
greater than 5%. ,

mwmawﬁoumw Experience and Projected Future Development

e_pomu\mdmsrmmdmwsam4muowwﬂ mdmm.&.u.%mu..booHﬁsmm&wamﬁcmonmgogo
ago. Points of particular interest are:— 4 h .

A.,.LNmsmunwommmdmwu:mmam“.EmmbEmem mEunmeHdooHEHBw&dEé
coupling when using one central power supply, EE

Awuv Symmetrically disposed windings and external magnetic scr
B.C.T.s to reduce the effect of external magnetic fields (50

ba
(111) gold-plated uniselector contacts for improved low or
S.i magnetic screening of the dm“_.mbom\gdm.wmboo tran;
To date, no trouble has been experienced from rad

L
amplifiers and even with prolonged operation at -

is anticipateq (D 5 TS v
. eteriorati CEY
G2 T ot on of the head amp

Measurements of beam current pu]



timing system is proposed for the

ity for experimental and comnissioning
the main machine. The system has not

, units have been in use for some time,

, magnet field integrators, to provide timing
e8! - and pulses derived from the main alternatorg
be TUN at multiples of the magnet pulse ’

 gating of the pulses from the field integrators
he magnet timer circuits. Provision is made
yeration of the magnet/injector (i.e. one magnet
pulsing of the injector) and for normal,

ter timer also contains a pulse generator for

re derived from each of four inputs. The delays
. to the potential difference from the slider
bilised supply to earth. This approach was

¢ umber of pulses interchanged between the

trol room. The delays can be adjusted in

d by using a portable extension box in

 time < 1 ps, pulse length 5-50 k8»
emote input pulse monitor connected,

time < 1 us, pulse length
ps * 2 us. This is the
circuits. Delsy and
nge is * 0,1 usj on the

(1) Sauere pulse of defined length, 20 ps-200 u s (pilot beanm trigs
il
(311) Selection of (i) and/or (ii) as required, 2 ok

(iv)

(v) Suppression of (

premature termination of the extraction pulse (beam taxe') =

i) (extraction 'lock-out D)

(a) Li 1t Guide System

The light guide system is described in section 3.3.4. g o

annels to the Main Control Room

Monitor ch

ready discussed, 1tidans

e monitoring and timing facilities al

ddition to th .
T £ emitter follower units in the injector control room to

roposed to use a number o .

wwowﬁm 1ow impedance circuits to the main control room. These units will have

the following characteristics:— y 2
There will be six chammels (5 emitter followers and 1 direct link), 5 &

Input impedance = 100 kQ for normal input and = 50 xQ for fast input,

Output impedance — low (dependant upon input resistance).

Gain from the injector to the main-control room will be 0.5 (adjustable over
a small range); :

With a 2 ms pulse, the rise and decay times for normal input will be =~ ‘m..
with fast input = 0.1 psj :

Droop } 5%. The maximum input pulse amplitude will be +40 V with se
plug-in boards for each polarity, maximum input d.c. level, *350 V.
Connection to the main control room will be via a 1002  terminated

3.6.3. Auxiliary equipment

Auxiliary equipment for the injection syste Y
: m is dis
Sections elsewhere in this report: 2 Ry

Injector vacuum system o s Section ¢
Injector control system oidxges

Injector vacuum controls o .

Hﬁum.nwou auxiliary plant
& i Ly
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NOMINALLY FLAT FIEL |
INJECTION ENERGY AND OLTAGE 2
?onm.hm,ﬂs-s EXPERIMENTAL : PARAMETER IS MONITOR V iy

INAC FIELD LEVEL
ey ﬂum% - CURRENT PER 50 keV INTERVAL FOR

A1 triplets and defining apertures was set up in the LEDS
ing the emittance (phase-space characteristics) of the beam
experiment confirmed the theoretical predictions of

but revealed a discrepancy as far as divergence is

‘be investigated further.

nalysis of the 15 MeV beam has been carried out using one of the
js 8 used in the inflector system, in a temporary set up. The
radius element, which, used with 1 mm wide slits, gives a

keV.

spectra, taken at different field levels, is shown in

s M.m.v to (£) may be compared with the spectrum computed

lous phase engle, shown in graph (g), and satisfactory agreement

he spectrum obtained at a 7.8 V monitor pulse height.

o7 :

momentum distribution should vary with field level can

.1(11). This shows the computed energy-phase distribution
b and 1s for 30° synchronous phase angle, giving 2,65

The effect of changing the linac field level is to

2se oscillations and effectively to produce a

urve. For example, for a integral number of half

> momentum -spectrum would have a strong central peak,

rter phase oscillations it would have two prominent,

by a plateau. These éxpectations are in broad

A similar set of spectra obtained for various

16 predominant effect of field tilting on the momentum
& change in the number of phase oscillations.

bhe output emittance to the settings
re the tank focusing can be set

: tube, the normal method of

10t feasible. A system has been

il ' and a fixed central slit,
system overcomes the aperture

Fig. 3.7.2(i))»
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(ii) Computed Proton Energy-Phase

; gistribution at the Linac Output.
For motion on the axis and a 30

synchronous phase angle),




Fig. 3.7.2(i) Emittance Measuring mw.mé.ms.d
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Deflection § = KI
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|
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mam\%dwzm Fixed 4

Magnet central slits

(current I) 1 mm aperture
(This slit is
vertical for
horizontal plane
measurements and
vice-versa)

BEAM CURRENT ~3mA AT IP
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X, POSITION OF MO|
FIGURE NOT IN BRACKETS,

FIGURE IN BRACKETS
COUNT / cm2s

mr[h

) Charts have been prepared for both the horizontal and vertical planes ‘m,
the beam extinction settings of "d" and "I" can be plotted to give .Su@ line
beam emittance diagram directly. Using the same equipment but a modifie e
it is possible to plot current density profiles in the linac output phas
ellipse., : i

.H_E..wwmu work remains to be done on the HEDS emittance measuremen:
setting up the linac quadrupoles. E

3.7.4. Radiation Survey

- Hm.wm. w..?wT”.v is a map showing some observed gamma and ne
2 Mu w appear fairly reproducible, but the neutron flux

3 uced activity in Indium foils is subject to vari

E_.ang at uu.mmmm:ﬂ properly understood. As far as poss

:romm Which are intentionally introduced so as t

.m..w»w.w Mnﬂ Production threshold is approximatel

= tube No.35 upwards are also lined with 1 m

~ "°én made to line the remaining drif- ,\,x

R.FE CAGE

Fig. 3.7.3(i) Map of observed gamma and neutron levels (September 1962),
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SECTION 4

MAGNET AND ASSOCIATED SYSTEHMS

enet is made up of eight sections (octants) separated by nomin

The Nimrod ma

i traight sections). The magnet yo oI e octant Omuww ins
ion ke of each Al
e reglons Am ralg Nuv &N oL

. i i iption of the sectors are
field-fre ign information and a descrip : iy
42 mmnﬁoum..wmww.w% @wwﬁwum of the foundations for the magnet ring are also . “
1ready ava % o
wéimgmcw. :

4.1. Sector Testing
—_—

i iations of the guide field, Bz, lead to
be shown that azimuthal varia e £1 .
; w“omwnu..s the radial position of the proton closed oadw.n in the Swowwwwwm.&woﬁﬁ
mmwwmwm equivalent to a loss of radial aperture; e.g. a first harmonic % :
18

f By with amplitude B 4  leads to a loss of radial aperture of yo
[o} Z Az = §
1 inch. wn HOA 3

Each magnet sector was therefore compared with a reference sector on Hwomﬂ.ww..,

. . T Fas
from the manufacturers to determine the following characteristics: .
(i) Value of remanent field - 1'
(ii) Relative values of field produced by current in the energising ,oo.H_.m;...m

at values of field in the gap varying from 200 to 14,000 gauss 05 O

(i11) Eddy current effects.

The electronic measuring equipment(4), the model (see Fig. A.H?.v.y
power supply have been described mwwméﬁmummmv. The measurement Programme

about sixteen months.

4.1.1.Results of Tests
—=5U_1tS of Tests

Variations in the value of the remanent field and hence the valu
. W pulsed %wmwmm were the most noticeable. Fig. A.HAMHV i
Hﬁm.woamsmﬁ w.wmpm plotted against the order in which the sectors wer
?uu.w Very noticeable that early sectors had a very much high ]
wommu..wu.mA 8auss) than later sectors. This was due to the fac
oosE.m.meﬁo manufacture the whole quantity of steel in o
ot 8 >+ The steel which had been annealed early in t]
e high Teémanence.and was @memﬁwwb.mmo.nohm. ﬁwnd

at 1o

The 1ar est i
Variati, T8 vari

falt .HS« and hence re



