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Abstract 190 m long transmission line to six pulse generators

o ) ) [2]&[3]. Because of the considerable total length of the
The present SPS injection kicker system is compos%q,stem the eight upstream magnets (‘S-type) have a

of 12 travelling wave magnets connected in pairs 10 Sifiterent aperture and kick rise time than the four
pulse generators. The eight most upstream magnets (‘§swnstream magnets (‘L-type). The magnets are housed

type) have a kick rise time (2-98%) of 145 ns and thg, 4oy of four in three vacuum tanks. Table 1 gives the
remaining four (‘L'-type) of 215 ns. The flat top ripple of ,5in parameters.

the kick is £1%.

In the future, this system will also inject protons and
ions for the LHC, with a bunch spacing of respectively
220 ns and 125 ns, and a flat top ripple requirement of

Table 1: Main parameters
of the actual SPS injection kicker magnets

most *0.5%. Important modifications, concerning both ‘S’-type ‘L’-type
mag:inets and generators, are then required to meet thEBeeflection angle at 26 GeVic 0341 0381 mrdd
goals. ) : :

For ion injection only ‘S’-type magnets will be used. K!Ck s_tren_gth at 26 (C)BeV/c 29.6 33.1 mTm
The reduction of the kick rise time will be achieved by K'Ck rise time (2-98%) 145 215 ns
shortening the magnet length and increasing th 3H0r|_zontal Aperture 101 141 mm
characteristic impedance. To compensate for the loss ertical Aperture 61 54 mm
total kick strength, four new magnets and two new pulseMagneF length 0.7 m
generators will be added. At the moment it is not intende peratlr!g voltage at 26 GeV/e 48.6 kV
ooy h “ype magner e e P

Most of the pulse forming networks (PFN’s) must be
adapted to the higher characteristic impedance Cﬁ
16.67Q. The internal structure of all PFN's will be
upgraded to reduce the flat top ripple and improve the
turn-on characteristics.

umber of magnets 8 4
osition 1to8 9to12
Housed in tank number 1&2 3

The magnets are of the delay line type. Their
inductance is divided into 22 elementary ferrite sections
INTRODUCTION which are matched to the characteristic impedance by
The future role of the SPS as injector for the LHGarallel plate capacitors inside the vacuum tank. The
requires an important upgrading of the SPS injectiofesulting flat top ripple of the magnetic field is about
kicker system, designed more than 20 years ago for thejo,,
needs of a fixed target accelerator. The main new The matched transmission line between each magnet in
requirements are a reduction of the kick rise time by 25%e accelerator tunnel and its pulse generators at surface
for heavy ion injection, and a decrease of at least 50% Rivel is composed of four coaxial cables in parallel, each
the ripple on the flat top of the magnetic field pulsewith a characteristic impedance of 80
which is actually about +1%. The pulse generators are lumped element Pulse
The present layout and originally planned upgradingorming Networks (PFN’s) with a maximum operation
measures are described in detail in [1]. This paper givesltage of 60 kV and a maximum continuously adjustable
further simulation and pulse response studies resulting pulse duration of 1s.
additional upgrading measures.

2 THE NEW REQUIREMENTS

1 THE PRESENT LAYOUT For the operation of the SPS as LHC injector new
The SPS injection kicker magnet system is composedquirements are added to the parameters for fixed target

of 12 travelling wave magnets with a total length of mor@peration. The main parameters for the magnetic field
than 12 m. The magnets are connected in pairs viapalse are summarised in Table 2.
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Table 2: Requirements for the future SPS inflector system Table 3: Future parameters of the magnets

Mode of operation Protondons for Fixed ‘S'-type ‘L'-type
for LHC LHC Target )
Inject. momentum 26 12.97* 14 GeV/k D_eflectlon angle - LHC prot. 0.196 0.392 mrad
Deflecton angle ~ 3.92 456 392 mrad |Kickstrength-LHC protons 17 34 mTm
Rise time <220 <115 <~1000 ns Operating volt. - LHC protons 50 kv
Pulse length 21 05 10.5ps D_eflectlon angle - LI-_|C ions 0.380 --  mrad
Kick ripple <+05 <05 <#1 % CK)';Z Sattr_ﬁngtglt-aLI;C II_(I)-|nCS: on 1fé44 ” n;;l’/nn
" : rating voltage - ions . -
Proton equivalent Kick rise time (0.5-99.5%) 115 220 ns
Magnet length 0.5 0.7 m
3 FUTURE LAYOUT Magnet impedance 16.67 12.5Q
The most stringent upgrade that needs concern is th&enerator impedance 8.33 6.2
rise time of the magnetic field pulse. The future|Number of magnets 12 4
requirements are given by the injection scheme for iongPosition 1...12 13...16
which demands a kick rise time of less than 125 ns, aboltioused in tank number 1,2,3 4

25% lower than the rise time of the actual ‘S'-type
magnets. Only ‘S’-type magnets will be used for ion The second upgrade necessary is a reduction of the
injection. ‘L’-type magnets have due to their largeripple and the droop on the flat top of the magnetic field
aperture aspect ratio a too long filling time, difficult topulse. The ripple has three main causes on which
adapt to the required value. improvements will be done:

The kick rise time is mainly composed of the magnet Bandwidth limitations of the magnet;
filing time 1. For a given aperture, which fixes the. wave reflections generated by mismatch between the
inductancer is proportional to the length of the magnet, impedance of the PFN, the transmission line, the
and inversely proportional to its impedance. Originally it magnets and the termination resistors. The mismatch is
was envisaged to achieve the rise time reduction byto some extent unavoidable because of transitions from
increasing only the characteristic impedance from @2.5 |umped elements, like PFN’s and magnets, to devices
to 16.67Q. The new impedance is chosen such as towith distributed constants like transmission lines;
build-up the matched transmission line from three insteads|ight differences between individual cells of the PFN,
of four parallel coaxial cables of %D However,  causing non-negligible ripple due to reflections of the
additional measurements on a prototype magnet havejischarge wave, which travels forwards and backwards
shown that a length reduction of the magnets is alsothrough the PFN.
necessary. The shortening can be chosen such that five
instead of actually four magnets are housed in the g4 EQUIPMENT MODIFICATIONS
vacuum tanks.

The loss in deflection strength, mainly due to thql_l General
impedance increase, will be compensated by adding two

further ‘S’-type magnets in a small, available, vacuum L , . .
tank. The SPS injection kicker system is in continuous

Four unshortened ‘L'-type magnets will remain®Peration and can only be upgraded after the closure of

installed and together with the twelve ‘S'-type magnetEEP in October 2000 when an eight months shutdown

be used for the injection of LHC-protons at 26 GeV/cWill commence. After the shutdown the upgraded system
The future parameters are given in Table 3. must again be available for fixed target operation and

studies with the LHC-type beam. The shutdown period is
The future injection scheme is not compatible witHoO short to dismantle, modify and reinstall this complex

positron injection and can therefore only be impIemente’HﬂeCtor' The individual components to be upgraded _Wi” .
after the end of LEP operation. therefore be prepared and tested as much as possible in

Two additonal pulse generators of 8Q3 advance. A detailed planning and upgrading scenario is

characteristic impedance must be constructed and tHBder study.
impedance of the generators of the shortened ‘S’-type )
magnets must be correspondingly increased. THe.2 Kicker magnets

synchronisation of the eight generators must be achieved.l_he short ‘S -type magnets will be built-up in advance

with an accuracy of less than 10 ns. This requires t}?reom components of the obsolete pbar injection kickers of

development of a new power triggering method for the | . .

. . . 1-type. The length reduction requires the complete

high voltage thyratrons, together with a substantial. . o i
ismantling of the magnets, modification of the ferrite

improved surveillance electronics. o
aperture and modification or remanufacture of
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mechanical items such as the high voltage conductor, thpple is then minimised by the PSpice "Optimizer"
beryllium return conductor and the frames. Furthermoreode [6].
the base plate of tw@®-shaped vacuum tanks will be Conduction losses along the coil result in a droop on
rebuilt to allow installation of five short magnets. the flat top of the magnetic field pulse. These losses can
For the impedance increase of the magnets the valuelld compensated by grading the capacitors such that they
the matching capacitors must be lowered. This will bancrease in value starting with the main switch side of the
achieved by suppressing one of the two ground plates BFN. Linear grading is suitable and the natural
the capacitor, and adjusting the size of the remaining onproduction spread of the capacitors can be used. Losses in
The frequency response of the magnets will béhe transmission line also help to compensate for the
smoothed by damping the resonance frequencies. Thisoop.
will be achieved by means of resistors, connected in
parallel to the cell inductance. Simulations and frequency OUTLOOK
measurements have been carried out and shown a
optimum effect for a resistance of
An RF screen will be installed between the differe
magnets in the vacuum tanks to create a better be
impedance continuity.

"rhe upgrading of the SPS injection kicker magnet
n§ystem is a demanding task and requires a full scale test
s%stem including the power switches and the complete
'?ength of the transmission line, checked at full operation
voltage. Spare equipment to be modified is available and
4.2 Pulse generators the transmission line has been purchased. The pulse
response of a spare magnet of increased impedance has
Several options have been studied to improve both thgen tested at low voltage. A complete upgraded kicker

ripple and, specially for ion injection for LHC, the currentsystem should be ready for testing at the end of this year.
rise time. Among these were:

- Adding a short and more stable PFN or a Pulse Forming REFERENCES

Line (PFL) of 2.1us duration dedicated for LHC
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- Improving the existing PFN of 12 duration to allow Particle accelerators,1997, Vol. 58, pp. 287-298

the three types of injection as specified in Table 2. [2] H. Kuhn, G.H. SchréderHigh Power Pulse

) ) Generators for Fast Pulsed Magnets. Developments
For cost and maintenance reasons, the last option has and Operational Experiencé®roc. 14 IEEE Pulse
been retained. Power Modulator Symposium, 1980 and CERN-

For the ripple reduction of at least 50% it is intended to SPS/80-06/ABT.

apply methods developed recently during the design %] E. Frick, H. Kuhn, M. Mayer, V. Rodel, G.H.

the prototype of the LHC injection kicker system [4]&[S]." © schroder, E. Vossenbergrast Pulsed Magnet
Instead of a separate coil for each cell of the PFN, which Systems for Proton and Antiproton Injection into the
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coil will be used for the first straight part of the PFN. This '
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; ; ; i ollider . . uls W
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