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PROPOSAL OF A NEW KICKER SYSTEI

FOR FAST EJECTION TOWARDS THE ISR AND THE WEST HALL

A. A¥ner

1. Summary

A new coherent kicker system for fast ejection towards the ISR
and the West Hall is described and proposed to be installed in the CPS
in 1972 and 1973. The systen is conceived as a sequence of two 0.47 n
long full aperture kicker modules per short straight section, For the
first stage, coinciding with the beginning of the Booster operation,
2-3 straight sections would be required, a fourth section to be added
at the second stage corresponding to multitum injection into the CPS

at 800 MeV Bopster energy.

In order to obtain such a systen, capable of ejecting with
equal efficiency from ss 16, 58 and T4, it is foreseen to place the
kicker modules in the required numbér of F-sections 81 (long ss),
89, 97, 5 end 13. |

In order to avoid inconvenient degassing and formation
proéedures, a ceranic vacuum chamber with a useful CPS F-section aperture
of 150 x 52 mm2 is foresecen, the rest of the magnet delay line elenents
like ferrites, capacitor plates and terminating resistors being immersed

in insulating oil,

The maximum magnet voltage is 50 kV, the corresponding PFN-
voltage 100 kV. At this voltage 6 modules in 3 ss will give a 23 mn
displacenent in a D-section at 28 QEE, which is nore than required

for the first stage Booster operation.
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With 8 nmodules the displacement is 31 mn (at 28 Q%K) correcponding
to a bean size assunming o £illed PS vacuun chanber at 800 MeV by multitun

injection fronm the Booster,

Two switching systems will be investigated :

i) 120 kV maxinun operating voltage deuteriunm thyratrons with non lincar
pulse sharpening lines for the. current (and voltage) risc and a 60 kV
naxinun operating voltage tail-clipper of the kicker 97 type or
laser-triggered spark gaps for the pulse falling part. In both
cases, rise (fall)-tines inferior to 15 ns have becn obtained.

A second 120 kV thyratron to be used for PFN termination and energy

evacuation from the systen.

ii) Low voltage, full scale nodel neasurcnents having shown that
incoming current or voltage pulses with rise-tines slowed down to
50 ns -~ i,e, to figures that can well be obtained with deuteriun
thyratrons - resulted in an only 15 ns longer field rise~tine in
the kicker, it is intended to design the new systen so as to use

deuteriun thyratrons only for switching, tail clipping and PFN

ternination.

This elegant solution would pernit the elinination of the only
spark gap, the tail clipper; it would also have the advantage of
a smaller nagnetic field overshoot and of a more unifornm flat top

than solution i),

All kicker nodules shall be designed for a theoretical 85 ns
nagnetic field rise-tine. A 90 ns interval between the 2 O/o and 98 O/o
of the nmagnetic field flat top valuc had been neasured on a low voltage

nodel, designed for a theoretical 85 ns rise-tine of the magnetic field.
The proposed kicker systen should be able

i) to eject any nunber of bunches between 1 and 20, once per second,

ii) to double or triple pulse within 100 ns interval the sanc or
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different number of bunches, at one PS momentum, and

iii) to perform operation ii), but at different PS momenta during

one machine cycle,

As to the 2 turn-, 10 bunch ejection towards the ISR a second
slow rising low voltage kicker with a 1 ps rise-time should be added

to the proposed system between 197% and 1975.

It is proposed to build 2o 2 module-kicker prototype for mid
1969 and start the serics production only after successful high voltage
life tests of all components, clarification and confirmation of all

relevant parameters and successful performance undecr conditions i) N iii).

2. The new kicker gystem; guide lines and requirements

The first fast ejected beam for the ISR will be necded at_the
beginning of 1970, the 97-kicker to provide for high energy ejection of

an actual size PS beam.

By mid 1971 the West Hall will come into operation requiring

more refined fast ejection facilitics to be again met by the improved

97-kicker ("straight flush" facilitics).

By mid 1972 the Booster should become operational with a
possible increasc of the PS becam sizc, The first stage of the new
kicker system should then be installed in the PS to satisfy both the
ISR cjection requirements - which con be assumed to be rather straight-

forward at that stage -~ and the West Hall ones which, as explained later,

can be summarized as "straight flush II" requirements.,

By mid 1973 the full PS intensity should be accelerated in only

10 bunches, with a considerably enlarged beam size. At this stage the
new kicker system should be fully installcd and provide cnough kick at
28 Q%E for a beam, assumed to fill the PS vacuum chamber at 800 MeV

injection energy.
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In 1975 two turn ejection towards the ISR may be required.
A separate additional slow(l ps)rise-tine,low voltage kicker magnet

should then be installed in the PS.

In proposing the new kicker system the first and obvious
guide line is reliability plus straightforwardness for complex
requirenents, The new kickers can no morc be considered ag an
important part, but only as a part of a system providing protons
for experimental areas; they will form an integral part of a new

mochine, the ISR,

The approach to the design of the new systenm should be
"horizontal' and "eclectic" : horizontal in the sense that the kicker
voltage, current and filling time can be reduced by adopting a modular
system, spreading over several straight scctions of the PS, thus
buying reliability for nore machine space. An "eclectic" kicker systen
should as far as possible use solutions and conponents which have
already‘proved their reliobility and successful operation in sinilar
systems in and outside CERN, such as deuteriun thyratrons (Brookhdven
National Laboratory, ISR and SI Divisions), resonaont power supplics

(SI Division), the multi-gap tail clipper (97-kicler) a.s.o.

The guiding principles, in conncction with the proposed new

kicker system, can be summarized as follows :

i) Voltage limitation

~ When designing kicker nagnets for bean deflections and momenta
and with apertures as for the CPS, o reasonable magnet voltage
linit seems to exist, beyond which difficulties and cxpcnditures

grow very fast with increased voltage.

The proposed moximun 50 kV nagnet voltage - the normal operation
voltage would lie between 40 and 45 kV - should be safely below the
"grouble threshold" of 70 ... 80 kV (according to the cxperience
with the full aperture kicker 66).
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ii)

iii)

iv)

The nagnet active parts shal. not be placed iuside the PS

vacuunl systen. Both the test cxpericnce with the FAK 66

and the running experience with the first kicker 97 have shown

how inconvenicnt outgassing and vacuunm forming procedures are.

It is thercfore proposed to increcase the aperture of the new
kicker nagnets, usc o non degassing ceronic vacuun chanber as part
of the PS vacuun system ond inmerse the rest of the nagnet parts
in oil or a similar insulation of prcdictable and reliable
mininum dielcetric strength, available at any tine without special

formation proccss.

Only passive elements such as the magnet, terninating resistors

and cables shall be installed in the PS ring.

Switching elements with their electronics to be installed in
o pernanently acccessible building about 100 n fron the kicker
nodules, Phis is of particular importance for the thyratrons,

tail clipping spark gaps and power supplics.

Hizh voltage mechanical switches for bunch variation should be

replaced by clectronic devices, cspecially since switching within

one nachine pulse and fron pulse to pulsc is required. There 1is
no cvidence yet that mechanical switches will successfully withstand

nillions of pulses without contact crosion and break-downs.

Spark gaps should, whenever possible, be replaced by high voltage

deuteriun thyratrons.

Although satisfactory performance had been obtained with
the 97-kicker nmain 60 kV spark gaps and with the 30 kV tail
clipper, where jitters of 12 ns had been obtained, and although

a 15 ns jitter for 90 O/o of all pulses could be reached with
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the two 110 kV spark gaps of the FAK, it is felt that deutcrium
thyratrons should be used wherever this is allowed duc to their
inhercent slower risc-time. There is now sufficicent evidence
thot they arc jitter—free devices, jitters of 1 - 2 ns having
been measured after 107 pulscs. Thyratrons have also the
advantage of regular, non erratic firing, gimpler triggering

systems and no danger of crosion or contamination.

vi) The project feasibility should be fully demonstrated and proved

beforc starting the manufacturing of the new kicker systen.

This is an csscntial requircment, necessary in order to save
money, time and to allow & corrcct planning of the PS and ISR

experimental programme,

A modular system meets this requirement, since the performance
of the complecte system can be verified by constructing and testing
a 2 module-prototype. This prototype being itself demountable,
can have its parameters changed and adjusted until the required

performonce is rcached. Only then shall the serics monufacturing

start.

By doing so, one avoids the FAK situation, wherc the magnet

performance was only known after the completion of the entire project.

The requirements to be met by the new kicker system could be

stated as follows @

ISR recquirements

i) 20 bunch ejection up to 28 E%E with a required magnetic field rise

of 95 ns.

ii) 10 bunch ejection up to 28 E%E with a required magnetic field risc

and fall time of 95 ns.
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iii) Two turn, 10 bunch cjcction up to 28 ﬁ%ﬁ 3 for the iirst 10 bunches,

requirenents as under ii), for the rest a slow, 1 ps rise time

is sufficient with no rcquircnents as to the fall tine.

West Hall requirements

These are the norc conplex oncs. A tentative list of requirencnts
ig indicated below, The final ones will, of course, have to be discusscd

with the users in due tine.

i) Ejcetion of any nunber of bunches between 1 and 20 at onc PS
GeV

momecntun up to 28 once every sccond; required kicker field risec

and fall time of 9% ns,

ii) Doublc and triple pulsing within 100 ms interval of cqual number

of bunches at one PS momentur up to 28 E%E,once every second.

iii) Double and triple pulsing within 100 ns interval of different

GeV
nunber of bunches at one PS nomentum up to 28 — @ once every second,

iv) Ejecting up to three timcs, differcnt nunber of bunches at different

PS nenenta (flat tops), thic to be rcpeated once per second.

v) Sone as iv), but with double or triple pulsing within 100 ns

at one of the (longest) PS flat tops.

A certain presclection and scquencing of these possibilities

from pulsc to pulsc should also be envisaged.

It will be explaincd in sone detail how to achieve these

ejection facilities with the new kicker systen.

3 Parancters, clectrical scheme and components of the new kicker systen

The kicker systen paranetcrs are determined by the following
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factors

i)

ii)

iii)

iv)

Pirst stage : Booster Synchrotron becomes operational, At an
assuned 1.2 x 3% m porad beam cmittance at 800 MeV, a bean
displacement of 22 mn in a D-gection, corresponding to a 1.5 nrad
kick in F, at 28 9%1 is requircd. '

Final stage : Multitunm injection from the Booster into the PS

at 800 McV, PS vacuun chamber practically filled at this ecncrgy.
A 31 mm bean displacenent at 28 E%E in D is then required,

corresponding to a 2,1 nrad kick in F.

Available PS short stroight scetion length amounts to 1.08 n,

yielding some 0.94 n for the magnet active parts.

Maxinum safe operating voltage of 100 kV D.C, has been assuned

for 120 kV deuterium thyratrons.

The PS F-gection 150 x 52 mm2 aperture to be available within a

4 mr thick vacuun chamber of the kicker magnet.
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Based on these requirements and limitations, the proposed

kicker system parameters are as follows

T able I

Kick per module at 28 E%E

Magnetic field B (¢)

Magnetic field in ferrite
gne i e Bf(G)
Number of ferrites per modulc

Computed magnetic field
rise-time T

Expected magnetic
rise-time 2 /o - 98

Module inductance T

Module

(ns)

()

capacitance C (nF)
Module ()

impedance Z

Module current I

GeV

Magnet voltage at 28 = Um(kv)

Pulse>forming network

GeV :
voltage at 28 o Upfn (kv)

Required number of modules

¢ (mrad) 0.26

525

100

Item Value Remark
o]
Useful ferrite aperture (mm®) | 170 x 64
Ugeful vacuum chamber apertur02
mm 150 x 52
Module length 2 (m) 0.47
Number of modules per
short straight section 2

see also para. 4, page 21
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Pigs. 1 and 2 show the clectrical schemer of the proposed fwo

variants, always for 2 nodules or 1 short straight scction,

According to Fig. 1 a resonant 130 kV naxinun charging voltege
power supply as proposed and developed by A, Brilickner 1) is envisaged,
It consists of the high volbtage tronsformer Tr excited by the
discharge of the low voltage capacitor bonk(s) Cch via SCR1 ... SCRn.

. . , o) .
The charging voltage of C is regulated to a few /oo. The PEFN is

connected to the high Volzige winding of the transformer which charges

the network to a constant voltage during an intcrvel of a few ns, The

100 kV d,c.y 9.25Q, 2 us pulse forming nctwork for two modules is being
charged via a 1 ... 2 kQ protective resistor. The PPN will be nade of
lunped £ and c¢ elements with oir or oil insulation. Adjustable clements
will be foreseen in order to obtain a smooth flat top within ki 1 ese z O/o

and to correct for its droop.

The PPN to be discharged via one "English Electric'" deuteriun
thyratron of the CX 1171 (small arc diameter) or CX 1176 (larger arc
diameter) type with a nominal voltage of 120 kV, If neccessary, o higher

160 XV noninal voltage thyratron of the 1193 type could be envisaged.

An 80 ns to 15 ... 10 ns pulse sharpening line (PSL), as proposed
by A, Briickner (2) and consisting of capacitors and saturable ferrite core
inductances is connceted to the thyratron, The PSL has the required
inpcdance of 9.250 (of two nodules in parallel) once the ferrite cores

are saturated.

The PSL is connected to four outgoing, about 100 n long,
attenuation free, 50 kV, 370 cables with the nognet, In this sane
point, a 50 kV, 9.250 , 10 ... 15 ns fall tine tail clipper of the

97 kicker type is also connected to the 4 cables.

At the other end of the PFN, a second 120 kV nominal voltage
deuteriun thyratron for cnergy evacuation terminates the line with its

9.25 Q0 reesistor, according to an cstablished progrannme, There are no
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special requirements as to the currcnt risc time in this thyratron.

The 4 cables conneet the PSL and the tail clipper to the
approxinately 100 n further away nagnet nodules in the PS ring. Each
nodule is fed from two 37 Q cables via cross—connectors (see Fig, 12)
in order to connecct the nagnet before a particular run for a "positive!
or "negative" kick without having to charge ony other high voltage load

or to invert the power supply or deuteriun thyratron connections.

As will be explained later, this point is of particular inportaonce

for reliablc and safc c¢jection towerds different experinental areas.

The 18.5 Q nodules consisting of 14 C typc ferrite cores and of
28 o0il insulated capacitor plates, alternatively connccted to the two
conductors, arc terminated with 18.5 Q rcsistor discs. A ceranic
chanber is connected to the PS vacuunm chanber, the rest of the nognet

parts being inmersed in oil.

Pig. 2 shows the scheme of the second and preferred variant
Low voltage measurenents on o kicker nodule model having shown (sec para. 5
poge 23) that the incoming current or voltage pulse could be slowed down to
50 ns while loosing only 15 ns in the nagnetic ficld risc and fall tine,

the second variant is based on the use of deuteriun thyratrons only for

switching, energy evacuation and tail clipping.

In order to obtain the required 50 ns rise time current pulse,
two CX 1176 or CX 1193 thyratrons, one per nodule, arc connected to the
PPN, - Tor cnergy cvacuation and PFN tcernination, onc - preferably CX 1176
tube - is foreseen. Toil clipping to be performed with two (ono per coch

nodule) 80 kV noninal voltage CX 1168 or CX 1175 thyratrons. For the rest,

these schenme is identical with Fig. 1.

PMig, 3 shows the proposed location of the various kicker nagnet

conponents referring to 2 nodules.

The following equipment should be installed in a central ejection
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building some 100 m fron the kicker magnet : The 150 kV power supply,
occupying 1 ... 1.5 standard racks plus the 50 kVA H.V, transformer,
If air insulation is used for the PPN, four standard racks would be
reguired. A preferred solution would consist of placing the PFN into
an oil tank, directly connected to the H.V. connection of the power

supply transfornecr Tr.

The two (for veriant 1) or five (for variant 2) deuteriun
thyratrons to be nounted in a coaxial arrangenent and insulated and cooled
with oil. The switching on thyratrons have their grid pulses, filanent
heating and deuteriun pressure voltages supplied through 130 kV insulating
transforners, A cormon oil systenn should be envisaged for all deuteriun
thyratrons and their H.V. insulating transforners. Although the thyratrons
could preferably be nounted on the PFN oil tank, they should have a

separatc oil systen, in order to quickly inspect or exchange any tube

without having to evacuate the oil fron the PN tank, This solution is

supposed in Fig. 3. If a PSL and a tail clipper is used (for variant l),
they should be connected to the cathode of the switching thyratron in such
a Way that the tube and the clipper can be easily disconnected, inspected

or exchanged,
The PSL would again be irmersed in oil.

It is hoped that the four about 100 n iong, no semi—coﬁducting
layer containing 37 Q cables cen be nade for the required 50-60 kV voltage
without filling then with SF6. However, the 120 kV SF6 filled cables
used with the full aperture kicker have proved to be very reliable so that,

if required, o solution is always in hand also for the new kicker systen.

The attenuation of these cables for a 100 ns rise time pulse and
a 2 ps travelling tine, corresponding to 200 m of one way cable length,

reosulted in a 5 ,., 10 ns increase in the rise-time.,
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details
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The kicker systen componcats shall now be described in nore

°
°

The Power Supply and the Pulse Forming Network

The power supply will comsist of one or scveral rectifiers for
charging onc or morc nctal paper capacitor banks of az 3 kWs
I &~ 450 V, of the clcctronics for regulating the charging
voltage(s) within o few O/oo, for tinming and scquencing the
discharges and for the regulation of the H.V, transformer bias
cxcitation current, in order to make full usc of the peak to
peak magnetic flux charge in the iron core during discharge,
The capacitor pank(s) is discharged through o nunber of silicon
controlled rcetifiers (SCR). As it is intended to have a
multi-pulsing systen capablc of charging the PFN 3... 4 tines
per second within 100 ns intervals, this at the same and at
different voltage levels, the following thrce schencs shown in
FPig. 4 are envisaged
i) The nunber of low voltage capacitor banks GTch coe Cnch
and of their charging rcetifier sets is cqual to the maxinun
nunber of pulses per PS cycle; every capacitor bank is
discharged through a separate SCR bank.
ii) Sane as i), but with o low voltage contactor 81 e Sn
for every capacitor bank and a common SCR bankj the contactors

would switch with no tension applied to then.

iii) One capacitor bank Cch is charged according to a programmed
reference voltage cyecle 3 ... 4 tinmes per second and
discharged through an SCR bank,  For this solution a 100 “/o
spare unit consisting of the rectificr plus capacitor Csp
and SCR bank would be foreseen, the sparc system being

autonatically switched on in the case of failure of the

main part.
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The average power drawn fron the nains, when pulsing two

nodules four tines per second, would amount to 15 ... 20 kW,
Solution iii) is the preferred onc,

If this solution is adoptcd, the power supply for 2 nodules
would recquire the spacc of 1 1/2 stondard racks plus the H.V. transformer
(about 1 mB). For every additional low voltage capacitor bauk half of

a standeord rack would have to be added.

The PFN for two nodules with air insulation would rcquire
4 - 5 gtandard racks of cpoxy cast bariunm-titemnate H.V. capacitors.
By placing then into an oil container, the requircd space could at

least be halved.

to O/o flat top crror of

. o)

In order to obtain pa 1 /o ese
the nagnetic field and conpensate its droop towards the ond, a lunped
line of non-identical elenents can be used ond a tuning systen for

the PPN inductoances forescen,

%.2 The switching clements, deuterium thyratrons, pulsec steepening lines

and tail clipper

As alrcady stated, the design of the new kicker systen is
based on the usc of "English Electric!" deuteriun thyratrons as the
nain switching elenents. These tubes arc produced in 40 kV
clenent stages, a recent development being a 3 stage - 120 kV
noninal voltage type. Tubes for voltages above 40 kV should be
0il immersed for insulation and cooling. The "120 kV'" thyratron
has, according to the manufacturcr, been tested up to 100 kV D.G.
If rcquired, a 4-stage "160 kV" tube can also be nanufactured
which would be able to withstand 120 kV D.C. ° "English Electric
produces a snaller 3 ci arc diancter and o larger 6 cn arc diancter

type, the latter with a double current carrying capacity.
Although it is intended to mount all deuteriun thyratrons in
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coaxial oil containing cylinders, their matching to the PFN or magnet

module characteristic impedances Eg Tesp, RZ is not possible,
2
The tube will represent an inductance Lt in the system. Placed
in a matched system with an impedance RZ,a time constant Tt =:§§'(ns) is
obtained, which together with the inherent time for ionisation build up

limits and determines the rate of current rise in the tube,

FProm the geometrical dimensions of the 120 kV thyratrons, one
computes Lt X 110 nH for the larger arc diameter and Lt &~ 180 nH for the
smaller arc diameter type.

With one tube per magnet module the corresponding time constants
are 12 ns and 19 ns, limiting the current rise to %6 and 67 ns.
H, O'Hanlon and J.P. Zanasco%B) have determined the current and voltage
rise times by discharging a 80 kV nominal-voltage 2 stage smaller arc
diameter CX 1168 thyratron of "English Electric™ into a 14 O mnmatched
resistor. The charging voltage was 50 kV, the resistor voltage 25 kV,
the current 1.8 kiAj; measurements were performed for different reservoir

voltages Ur (V) regulating the deuterium prégsure in the tube. Fig. 5

7\
shows two oscillograms and the computed %% %g and voltage rise times

Tr (ns) in function of Ur (V). Basecd on these results curves for small
and large arc diameter 80 kV and 120 kV thyratrons had been computed,

The larger arc diamcter, 120 kV thyratron CX 1176 would give satisfactory
performnance as the main switching element at a rescrvoir voltage of

Ur 2 5,9V, this for variant 2 on Fig. 2.

The large arc diameter, 80 kV CX 1175 thyratron would perform
satisfactorily  as tail clipper at a reservoir voltage of Ur > 5.4 V.

The snaller arc diameter tubes seen to be marginol in both cases,

It is foreseen to check thesc computations by adequate measurenents
of small and large arc diameter 80 kV, 120 kV and 160 kV nominal voltage

deuteriun thyratrons. These tests will also show what nominal tube
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voltage is requircd for o 100 kV PPN switching voltage and for a 50 kV

tail clipper voltage at the relatively high rescrvoir voltage Ur . Life
tests carriecd out with the 80 kV thyratron have resulted in a T 1 ... pt 2 ns
pulsc jitter after 7.106 pulscs,. The total anode drift had been

neasured to less than 5 us. We nevertheless pronose to usc a pulse to
pulsc drift correetion with a 1 ns scnsitivity, the maxinun corrcction
anounting to 5 ns per pulse. The drift corrccting systen has recently

been successfully tested.

These deuteriun thyratron performances arce superior to any rcsults

obtained with spark gops for similar voltages.

In order to obtain such low jitter and drift figurcs, the cathode
heater voltage should be stabilized to pl 5 0/00, the reservoir voltage
continuously adjustable and stabilized to lO/oo. The 50 4., 100 ns rise-
tine, 500 ... 100C V grid trigger pulse amplitude should be reproducible

fron pulse to pulse within 1 O/o.

As indicated in Figs. 1 and 2, oll thyratrons in the proposed two
kicker magnet schencs arc in the preferred position with positive anode
potential towards ground. The encrgy evacuating and tall clipping
thyratronshave their cathodes (heators reservoir voltage, grid pulse)
at ground potentialj; the nain switching thyratrons work with the cathodé
at half (50 kV pulsed regime) the PPN charging potential, For thesc
thyratrons, 130 kV D.C.

transforners should be forcsccen.

insulated heater, reservoir and grid pulse

It is essential that for any kick polarity the PFN potential

and the potential of all deuteriun thyratrons renain unchanged, - It is

easy to see that at reverwged PFN polarity two of the thyratrons - for
switching on and for encrgy evacuation - would requirc transformers
insulated for the full PFN voltage. The tail clipping thyratron would

require tronsforners insulated for 50 kV inmpulse voltage.
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For variont 1 the use of a non-linear, saturable inductance
PSL for the pulse rise and of a tail clipper arce envisaged, although
it is expected to finally adopt variant 2 with deuterium thyratrons as

the only switching clenecnts.,

The PSL would be dinensioned for o "slow", 80 ns current pulse
rise, A single 9,250, 5,5 kA, 50 kV-PSL supplying two magnet modules could
be foreseen, consisting of a nultiplate cepacitor with one set of plates
being adjustable and with clophene as high diclectric strength insulation,
16 ... 18 parallel?6.3/l9 i} ¢, 25 rm long ferritc cores would form the
series inductance between adjacent capacitors. The plate distance would
anount to d = 6 nn, the active platc surface to 700 x(50 ... 1OO)mm2,

the nunber of scgnents to 40 and the total length of the PSL to 750 nm,

The PSL is shown in Fig. 6 a); Fig., 6 b) and 6 c) show the
voltage oscillograns taken beforc and after a 30 kV, 6,250, 5 kA-PSIL,
built for the Booster synchrotron radial kicker mognets. The 30 kV,
80 ns rise-tinme inconing pulse of a CX 1154 type deuteriun thyratron

(osc., 6 b) is stcepened +to about 15 ns (Fig, 6 c).

As to the taill El%pper, the 97 kicker type, developed by
4

H. von Brcugel ond oth, could, if neccessary, be cnvisaged, A

30 kV tail clipper is shown in Pig. 7 a) and 7 b). It consists of o
% elcctrode spark gop systen (1-2-3) plus o floating triggatron (4)
providing instontancous ionisation in the whole gap and initiating
the break~down between the central clectrode 2 and the triggatron 4.

Current rise~tincs of 15 ns, including a 5 ns jitter, had been obtained,

A parallel solution would congist of lascr triggered toil clipping
spark gaps. The feasibility of laser bean use for achieving very low
jitter and fast break-down (within o fow ns) firing of spark gaps being
denonstrated 5 , work is continuing in this dircction with the ain of
devecloping a systen capable of sinultoncous triggering with one laser

bean of scveral (3-4) toil clipping spark gaps.,  The laser bean would
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be split ond all gaps - in this casc onc would usc onc gap for two
noagnet modules - fired sinultancously. In order to achieve the
correet actioning of the tail clippers on the nagncts due to their
location in diffcrent stroight sections, cablce with adequate delays

could be inserted between the gaps and the nagnet nodules.

L.

With our actual 20 kWs laser, it would bc possiblce to trigger
the spark gaps up to 5 tines per sccond, It remainsg to be seen if

flash tubes with acceptable 1life tines can, under thesc conditions,

be obtained.

Fig. 8 shows the relative tinming of the various thyratron (ana
spark gap) triggers, assuning both the neoin switching thyratron 81 and
the tail clipping onc 82 to be connected to the nagnet by £ (n) long
cables with a single way pulsc traversal delay of DC (ns). Piring

S1 at t+ = 0, the firing of S2 determincs the nagnet pulse length (bunch
nunber). The encrgy cvacuation thyroatron S3% is always switched before
§2 : as an exomple, for a 15 bunch ficld length 52 - 81 = 1.5 us, whilc

53 should be fired at 83 -~ 51 = 0.5 po.

4. The nagnet

- Pig. 9 shows the cross section of o proposcd nagnet nodule,
It would consist of 14 identical clenments, each with o C-shaped
264 x 290 mmz, 2%,5 nn thick ferrite core in accordonce with Fig. 10.
The ferrite apcrturc is 64 x 190 mmz. The ferrites are on both sides
screcncd by C-shaped aluniniun plates, normally connccted to the high
voltage, left conductor. The oppositc, carth potential plates are
agoin C=-shaped and placed at 18 mn distance around the ferrite cores.
Inside the stress-free and electrostatically sercencd gap a 4 rm thick,

2 . .
150 x 52 rm“ useful aperture ceramic vacuur chamber is placcd; the wholc
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active part of the nagnet to be ilmmersced in insulating oil. The naxinun
50 XV impulsc stress aoppcars at the right side between the rounded off
left capacitor plates and the right hand, again rounded off ecarth

conductor, the oil distance being 10 mm.

The right hand wall of the vacuun chamber is thus placed in a

relatively low and uniformly distributed clectrical stress region.
A11 plates and ferrite cores arc caslly denountoble.

In the longitudinal direction, the 8 mm thick capacitor plates
which screen the ferrite core, alternate with the 6 mm thick opposite and
central plates at a 9.75 mm oil insulation disteance for o naxinun 50 kV

pulse.

If the polarity change-over variont according to Fig. 12 a) con
be adopted, the two terminating 18.5 Q resistors can be firmly connccted

to the modules and nounted in the nain nagnet tank-

As to the ceramic vacuun chamber, an cnquiry has been nade and
ot least three technically satisfactory offers received fron firms which
have already nade sinilar chambers, notably for the clecectron synchrotrons
of DESY, Hamburg, and NINA, Darcsbury. The nost claborate and technically
best proposal was nadce by the Wade Co Ltd., Portadown (N. Ireland).
Thig firm will first nanufacture two about 1 n long chambers, onc for the
2 nodule kicker prototype, the sccond to be mounted into the PS ring,

in order to check its radiation resistonce,

The vacuun chomber to be nade by Wade is shown in Tig, 1l1. It
will consist of two about 50 enn long, 4 mn thick high quality alunina
elliptic chambers with o glass joint in the niddle, which is in turn
reinforced by a 25 mn wide glazed nuff., At both ends the chanber will
have two flat, precisely nachincd flanges of the standard PS dinensions,
the indium ring grooves to be located in the standard metallic flanges

to be connccted to the ceramic chamber oncs, The chanber will be tested
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at a 2,5 at differential pressure. The monufacturer will guarantee
the inner 150 x 52 mm2 useful aperturc, the outer dinensions to be kept

by nachining the external chanber surface.

Special attention has to be paid to the problem of polarity
change-over for the magnet modules. As stated before, the only
reagonable place to change polarity is at the magnet nodules, Polarity
has to be changed when ejecting from ss 16 (or 1) = positive kick -

or fron ss 58 and 74 - negative kick.

There arc two possibilitics to change polarity, shown in Figs,

12 a) and 12 b).

In the first case, the conncction between the two in opposite
sense nounted kicker modules and the cables is sinply reversed. By
doing so, the left, under normal operoting conditions,H.V, conductor
assunes earth potential and forns a short-circuit around the ferrite
core with the tank, also at earth potential. It will be verificd on
full-scale, low voltage models to what extent this condition influences
the magnet inductance and rise-tine, If the magnet paraneters are
changed in an inednissible way, solution 12 b) will have to be adopted;
in thig case four identical connecting plugs to the modules will have to
be foreseen, two plugs connected to two parallel 37 O cables and two
plugs connected each to a 18,50 terminating resistor. For one polarity
the cables are connected to the nid point between the two modules, and
the resistors to the ends. Por polarity reversal the cable and

resistor plugs have to be interchanged.

Since very reliable high voltage and pulse current connections

are required, it is strongly suggested not to reverse polarity during

operation, i.c. from nachine pulsc to pulse. The developnent of
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reliable switches working once per second for 106 oae 107 pulses would

require several years. To introduce switchces of this kind which would
still have to prove thelr reliability would mean to go against the

simplicity and general reliability of the proposed kicker systen,

It is thercfore proposed that the kicker modulc polarities
are set before and for a particular PS and ISR experimental progranne,
In the case of sinultancous or alternate (fron pulsc to pulse) ejections
towards arcas requiring positive and ncgative kicks, it is suggested to
rather increase the nunber of kicker nodules in the PS. With 10 modules
in 5 straight scetions or equivalent, 4 nodules could ejecct a bean of the
actual size from ss 58 and T4, and 6 nodules an enlarged bean from ss 16

towards the West Hall and the ISR.

By no means should one try to econonize. one or two short sections

in the PS agaihst o complicated polarity change~over systen.

The factors influencing the nagnetic field rise-time in the

kicker nodules shall now be discussed,

The field rise-time increase noy be due to

i) the serics inductance of the capacitor plates resulting in a

liniting charging currcnt resonant frequency fr

ii) the nutual inductance between forrite cores, due to inperfect
screcning, The C-type cores can, of coursc, not be secrcened on
their inner horizontal gap surfacces. A longitudinal inductive stray
field coupling between all ferrites is thus introduced, having its

maxinun between adjacent ferritces.
Low voltage, full scale nodel neasurenents have demonstrated

that the progressive slowing down of the current and voltage wave

/
through the magnet is duc to this coupling. Information has also been
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obtained on the influence of this phenomenon on the magnetic field
rige-time as a function of the ferrite corce screening and distancing.

A theoretical examination to follow.

As to the inductance of the capacitor plates during charging,
a simple approximate calculation shows that in our case the influcnce

on the magnetic ficld rise-time can be neglccted.

Let us, in accordance with Fig. 13, assume that the capacitor
plate has a ferrite environment with p = e on one side, and that the
field created by the charging current is limited by the surrounding

nmnetallic box @

The charging currents are flowing radially outwards from the

conductor, With the notations in accordonce with Fig. 13 and assuming :

- 2
e— Zmin (1 +k X) ® 6 000 0P 00008 eOPLOOOLLES (l)
Q
Tu
d‘i’t‘adX‘B . o kx 0006000000 OOOSSEGSOCE (2)
L. (1 +=) :
mnin X
(0]
max % )
d ::] d é =""”9’== e T1e5 /Jo ¢ 1ln ‘ZE‘E?'E“’ coae (3)
' k %f_ min
min NI
) X .
ekl sy B ] )
nin min
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Introducing numerical values (see Pig. 1% ) ﬁmax = 1,2 114
ﬁmin = 0,48 m; x, = 0.22 my, k = 1.5 and & = 9.75 - lO-'3 n
L =~ 3.4 nH

With a unit capacitance of 0.164 nF, the resonant frequency anounts

to fr = 2,1 - 108 Hz corresponding to a rise-time of less than 1 ns,

This effect is thus not responsible for the slowing down of
the voltage and current wave along the nagnet., This has been confirmed

on low voltage full scale kicker models, as shown in the next paragraph,

5. Low voltage model neasurenents

Two low voltage kicker module models had been bullt using
13 available ferrite cores from a Booster synchrotron kicker prototype.
The ferrites had a 112 x 70 mm2 aperture, thus different fron the one
proposed for the new kickers, The nodified inductance has been taken

into account. The parameters of the first model were

L =0.,8 puHy, ¢ = 10,9 nPF, ZO = 8,6 O , Tr = 95 ns, N = 1% sections

with 2 x 13 capacitor elemnents,

The module has been terminated with R = Z = 8.6 and subjected

to low voltage pulses with a 12 ... 13 ns rise~-tine, as shown in Fig, 14.

The voltage (and current) behaviour along the module and the
nagnetic field rise and fall tine werce measurcd and recorded, the
latter by means of a coaxial type,parallel transmission line field
probe, terminated with a 75Q resistor. The following cases have bcen

exanined :
i) Perrites unscreened, distance between adjacent cores 3 mm
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ii) TPerrites unscreencd, every second ferrite removed, distance

between adjacent cores 31 mn
iii) Same as i), but with laterally fully screencd ferrites
iv) Sane as ii), but with laterally fully scrcened ferrites.

The results are shown in Fig. 15, after normalizing the
neasured field rise-tince figurcs with respect to 170 ns, neasured

in case i) and assumcd equal to 1.

Figs. 16 and 17 show the voltages measured along the nagnet
with all 1% ferrite cores and with only 7 ferrites left, i.e. with
every second one removed, One sccs how the incident 12 ... 13 ns
rise-tine voltage pulse is being slowed down to 120 ns and 85 ns
respectively at the termination resistcr end. Comparing the two
oscillograns one can also scc that the voltage pulse is always slowed
down after a ferrite core. Measured at places wherc the ferrites
had been removed - but with the capacitor plates in position - the voltage

slope remainced unchanged.

The capacitor plate scriecs inductance or resonant frequency

thus does not influence the voltage (and magnetic ficld) rise-tine,

Based on these results,a sccond low voltage model had been

built with parancters closc to the final magnct ones as given in Table I,
page 9. The 70 x 122 mmg aperturc laterally fully scrconed ferrite
cores were again used, The distance between adjacent ferrites was
~ 10 rn, as proposed for the final nagnct. The sccond nodel parancters

were @

L =1,2 pH, C=6nF, 2 =14.20 , T, =85ns, T =13

(@]

the nmodel length amounting to 0.52 n.
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Fig. 18 shows the voltage pulse glow-down along the magnet
from the incident 12 ... 13 ns to the 50 ns end value. Fig. 19 shows

-

®
the differentiated magnetic field %¥ at rise and fall,

TMig. 20 shows the situation when a 50 ns rise-time voltage
pulse is applied to the magnet. It traverses the magnet without

practically changing slope.

Fig. 21 shows the incident 50 nsg voltage pulse applied to
and measured directly accross a 14,2 () matching resistor.

Figs.22 a) and b) show the input voltage and %% curves for
the incident 12 ... 13 ns rise-time and for the 50 ns rise-~time voltage
.pulsc. In the first case the magnetic field rise~-time, measured between
the 2 O/o and 98 O/o of the flat top value amounts to 73 ns with a large
7 O/o overshoot. In the second case, T = 90 ns and the overshoot

o 2-98
is less than 2 /o.

This result is of particular importance, as it indicates that by
using 50 ns voltage and current pulse rise-time switches, very convenient
field risc-times combined with low magnetic field flat top ripple can be
obtained. Translated into practice, this means that deuterium thyratrons
only can very probably be used for all switching operations as indicated

in Pig. 2, for variant 2.

6. Puture progromme

In view of the above results and in order to obtain the maximum
information, even before the construction of a high voltage prototype

magnet, the following programme is suggested.

i) Construction of a third low voltage model with paremcters in accordance

with Table I. Ferrite corcs have already been ordecred.

Verification of mognetic field risc-time, detecrmination of maximum
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pernissible incident voltage (ard current) pulse risc-tine,

ii) Gonstruction of a 130 kV resonant power supply with PFN and of
o 2 module-~ high voltage kicker magnet prototype with ceranmic
vaocuurr chanber (alroady ordered). Tow and high voltage pulse
neasurenents, in order to verify and freeze relevant paramcters;

H,V, lifc tcst of magnet and vacuum chanber. Parallel to this

iii) Detcrnination of optinmum "English Electric" deuteriun thyratron
type for our purposc. Determination of tube nominal voltage and
of safe deuterium pressure regulating (reservoir) voltage Ur for

the maxinun PPN and clipping voltages and required rise-tine,

iv) ILifec tcsts on chosen deutcriun thyratrons ond their auxiliaries;

jitter and long term drift measurcments for 106 oo 10( pulses,

v) Development of the switching clectronics for multi-charging, nulti-

pulsing and sequencing operations.

Vi) Prototype operation satisfactory; series construction of all

power supplies, PFN, kicker modulecs with the neccssary clectronics

and auxiliary equipment.
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a) In components

Legend:

1) Hot electrode

2) Center electrode

3) Ground electrode

4) Floating trigatron

5) Housing

6) Compressed gas inlet

7) Loaded epoxy resin

8) Teflon insert

9) Connector on trigger cable
10) Female 10 Ohm pulse connector
11) Male 10 Ohm pulse connector

b) Assembled

Fig.2b Tail clipper g/emenfs.
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Ts 100ns/cm
Incident 12....13 ns-rise time pulse,
measvred on terminaling resisfor.

Fig. 14

T=40ns/cm

Firsl model : Volfage pulses along fhe
magnel affer a ferrife core .
Jncident pulse rise time 12....13ns.

Fig. 16



T=20nsfem ; First model : Every second
ferrile core removed _ Volfages across
same seclions as in fig 16 .
Jncident pulse rise time 1z....13 ns.

Fig. 17

T=20ns /cm ; second model with all
13 ferrile cores in place -Volfages
after individual ferrife cores for
incident pulse with a 12.... 13 ns
rise time .

Fig. 18



7= Sonsfem ; Magnetic field ’3% of rise (left ) and fall (right)
measured on the second model for an incident 12....13ns_

rise lime vollage pulse .

Fig. 19



T= 20ns/cm ; second model : Incident T-50ns/cm; second model : Incident
pulse rise time slowed down fo 50ns; 50ns~rise lime pulse measured on
vollages affer indjvidual ferrile cores. a 14.2 si-ferminating resistor-

Fig. 20 Fig. 21



T= 50ns/em ; second modlel : voltage pulse (above)
and magnet AP at rise and fall (below) for
incident va/fa_gaét pulse with 50ns . rise fime.

Fig. 22
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