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1. .Introduction,

" An internal beam dumpihg system is needed for the SPS, in order to
prevent uncontrolled loss of the beam in the accelerator. Several pos-~
sibleé dumping schemes have been studied and compared in Ref. (1), and
‘the method using fast kicker magnets has been chosen. The beam &umping
system will use a pair of kicker magnets, which &eflect the beam verti-
celi§'onto the absorber blocks, and the beam will be dumped in one SPS

revolution.

- It has been shown in O thae dumping a low emittance beam of 1013 ppp
at 400 GeV/c leads to severe thermal problems in the absorber blocks:

In particular, dumping the beam with fast kickers induces in the absorber

. blocks: instantaneous temperature rises. These depend on the proton den-
.. sity distributions in the beam and the material used for. the black and

:-.can be-at least as high as 1000°C in case of aluminium. Although the

values of these temperature spikes cannot be calculated with good accuracy,
they are certainly higher than permitted for a reliable absorber block

design. It is not possible to blow up the beam before the dumping pro-

cess starts 1n order to reduce these splkes,as this is not compatlble with a

fast emergency beam dumplng system. It is therefore necessary to spread

the beam over the front surface of the absorber block durlng the 23 us

_long dumplng process. Thrs report,descr;bes the method»whlch will be

used and which proceeds in two steps :

1. Instead of giving a constant kick to the beam, as described in
Ref. (1), the pulse forming networks (pfn's) which excite the vertically

deflecting kickers will be designed such that they give a current pulse

 which exhibits oscillations on its flat top. The amplitude of these

oscillations can be of the order of #10% of the mean flat top current.

- The deflected beam will no longer:be dumped on a small area of the front

-:face of the absorber block equal to the beam cross section, but w111

oscillate vertically durlng the dumplng process. The fast klcker mag—

,“nets (MKDV) and then:pfn s w111 be descrlbed 1n Chapter 2. -



2. In addition, the beam will be swept horizontally during
dumping, by means of additional magnets which are excited by a linearly
rising current pulse. These,nagnets are called '"sweepers' or MKDH.

The pulse will be generated by e;capacitot.dischatge, statting_at,tne
_Same time as the pulse exciting the kickers MKDV, and reeching ite maxi—
~ mum after more than 24 us. Chapter 3 deals with ‘these addltlonal
sweeper magnets, and shows that for sultable values of their parameters,

a horizontal sweep of about 25 mm at 400 GeVc can be achleved._.

Both methods must be used: at the same time if one wants to reduce

. * .
the temperature spikes in the absorber block ‘)'to'a~safe level.

_Together they ensure that the beam, during dumping, is ePread-0vet'an {“)
-~ area of the front face of the absorber block TIDV, which is ‘of the.order .
- of 10 times the beam cross-section at 400 GeV/c when the latter ‘corresponds

to the de31gn emittance. . ( ), The temperature spikes will be .reduced accordingly.

2, .The Vertically Deflecting Kickers (MKDV)

2.1 - Main Parameters .

The MKDV consist of two fﬁi1 aperture feffite naénets eéeﬁ'abont
2.5 m long. - “The excltatlon current for each magnet is generated by
._the dlscharge of a pulse forming network (pfn) through the magnet lnto
a matched termlnatlng resistor. The pfn and magnet are connected by a
matched transmission line which is about 150 m long and is made of five .
coaxial cables of 15Q in parallel. The characteristic impedance of the ’

- system has been defined in Ref. (1,.Chapter 3) and is - -
1 Z2=3.09.
A schematic layout of the magnets is shown in Fig. 1 and the main

parameters are listed in Table-1.  .Due to a small shift in their posi- -

tion in the SPS lattice .the aperture of the magnets is slightlywinereased

) . : : ,
) The absorber blocks 1 and 2 of Ref. (1) are now de31gnated as. TIDH
and TIDV accordlng £6 ‘the Lab II abbreviation code - (drawing 8002~010~11)
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as compared to the values given in -Ref. " ".

2.2 Response of the magnet

The equivalent circuit of the magnet must be optimized in order to
obtain
- a short risetime of the kick strength
- . good pulse transmission properties

- a low reflection coefficient.

The kick risetime determines the dumping efficiency, which is defined as
the ratio of the number of protons dumped on the absorber block.to the
‘total number of protons in the beam (Ref. 1, Chapter 3.3).- The shorter
.the risetime of the kick strength, the higher is the dumping efficiency.

. For instance a kick risetime of 1 us leads to an efficiency .of about

997. - Good pulse transmission properties and a low reflection coefficient
..are also required, because reflections strongly distort the oscillations,

which are deliberately superimposed on the mean flat top of the current

pulse.

The magﬁet response has been investigated for different types‘of
magnet circuits, using the eomputer program described in-Ref. (2). The
magnet pulse.response has been studied first when discharging a pfn of
26 equal cells via a transm1s510n line of 150 m length through the magnet

_into a matched re51stor.  Such a pfn dellvers a rectangular current

'_.pulse without oscillations (see Chapter 2.4) which facilitates the ana-

lysis of the magnet response. Losses 1n ‘the cable of 0.8 dB/lOO n at
A10 MHz were taken into account.  The overall_lnductance of the magnet

was taken to be 2.4 uH (see Chapter 2.3).

The results are similar to those described in ) ana can be sum-

marized as follows :.

- the purely inductive magnet 1s unsuitable for our requirements,
“because it glves a relatively 1ong risetime of 1.4 us (07 to 100%),

and large voltage reflectlons of max1mum amplltude 76 %.



»

'_4._.

- an inductive magnet with a front cell before and a matching capacity
behind it is also unsuitable, because the risetime is still 1.4 us
(0Z to 100%). The vol;age reflections (18% maximum) -are meverthe-

less acceptable;

- a reduction of reflections and a shorter kick risetime are obtained
éimultaneously if the mégnét is equivalent to a lumped delay line
with the same characteristic impedance as the pfn (see Fig.2). For
such a magnet the kick risetime is determined by the risetime of the
pulse given by the pfn and by the travelling time of the pulse
‘through the magnet.  The amplitude of the reflections decreases .
-when increasihg the number of cells, but dbove a certain number, the ' i”)
 improvement per added cell becomes marginal. The'numbef of cells is N

moreover limited by cost considerations.

For our purpose a five-section magnet with a front matching cell has

a pulse response which is adequate. The pulse shape of the kick
strength is shown in Fig. 3. The kick risetime is 0.97 ps (0% - 100%),

and the voltage reflections have a maximum amplitude of 17%.

2.3 Magnet configuration

The total magnet inductance and henée the kick risetime is influenced
by the magnet configuration. A C-shaped magnet has a higher inductance -
than 2 window frame cbnfiguration.‘ Since the field is strongly non-uni- ( '
form near the outer conductor of a C-shaped magnet, the gap width has to
be increased. Howéﬁér; for our application a field non-uniformity of
about 1% is acceptable, which gives an increase in gap width of only 10 7.

On the other hand the C-configuration has important advantages :

4"f dutef conductor at grbund‘potential

- better high voltage insulation to earth

- lower impedance with the SPS beam: a rough estimate gives 1.4 Q, as
Eompare&Ato 83 @ for the window framé‘shape. S B

Therefore, the~C—configuration.was.chqsen,,
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In view of the relatively high flux density of 0.14 T in the magnet:
gap, a nickel zinc ferrite with especially high saturation induction will
be used (Philips, Type FXC 8ClC, induction for 10 Oe and at 23°C > 0.3 T).

In addition, this material has a low coercive force (He < 0.25 Oe).. The

one turn deflection due to the remanent field in the magnet will be smaller

than 0.016 mrad for 10 GeV/c protons at. injection and the corresponding

amplitude of the.coherent vertical betatron oscillation will be smaller than

0.85 mm for the nominal value of QV = 27.55.

The ferrite thickness will be 60 mm, to keep the flux dens1ty in
(3)

the core low. Calculations with the computer program MAGNET have

shown, that by addlng ab5x1l1 m shlm at the pole proflle near the outer

::conductor and by 1ncreas1ng the gap w1dth from 51 mm to 56 mm, one can

obtain a field non—uniformity smaller than 1% over a width of 51 o (see
Fig. 4) These calculations are, however, approxlmate, as the program

MAGNET deals only w1th statlc magnetlc f1e1ds, and neglects the end effects.

2.4 The pulse generator

The rectangular current pulse normally used for the excitation of

kicker magnets is often generated in a LC-ladder network (pfn), consisting

of cells of equal capacitance and inductance. Oscillations on the flat .

- top of the current pulse can be generated by increasing the time conmstant

of each cell of the pfn with respect to the preceding one, starting with

the cell adjacent to the discharge switch. All cells must have the same

characteristic impedance

L
VA = 'é'" .
n

A high number of cells generates -a high number of oscillations of small
' epplitude, whereas with a small number of. cells one gets 'a small number
~of oscillations of.large amplitude. .- Because of the increasing time

:constants of the cells, the frequency of the oscillation decreases
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»during the‘pulse. The amplltude dlstrlbut1on of the oscillations can

be influenced by the functlon, with which the time constants increase.
The pfn was then;designed'using~the following criteria :

- the amplltude of the osc111at10ns shall ‘be up to 107 of the mean

flat top current,

- all cells shall be assembled from as. small as p0331ble a number of

dlfferent capacltor unlts,

- the assembly of the capac1tors must be easy, e.g. no series connectibu

of the capacltors,

- it must be p0351b1e to rearrange the capac1tors in the ex1st1ng

tank such as to produce a pulse w1thout oscillations.

A number of pfn's ﬁith-differeﬁr distributions of the time constants
and different. number of cells ‘have been studled by means of the same
computer program @ ). " The- best results were - obtalned with a pfn of 14

‘ cells and time constants 1ncrease accordlng to the series

Ty .ZT, 3T’V'oo’:.c'o-oo 14T .

The equivalent circuit of the_pfneisigivenvin Fig. 5 and the kick response
of the 5-section magnet is shown in Fig.»6. ~'The transmission line is

again assumed to be 150 m long and to have an attenuatlon of 0.8 dB/100 m

' at 10 MHz.

The oscillation has ﬁaximum_amplitudes-of.+7Z-and 410%,'and the kick

" rise~time up to the minimum required deflection is 0.9 ps.

The .amplitudes of the osclllatlons near the beg1nn1ng of the kick

'-pulse are reduced due to the low pass f11ter behaviour of the magnet This® "

can be av01ded with a smaller number of cells, but then’ the amplltude of

VY




.rent and 23 us pulse length w1thout any sign of deterloratlon

_.7~
the oscillations. becomes too large:i-

The capacitors of the pfn can be rearranged in their tank such that
a pfn with 26 equal cells is formed. The response of this latter pfn

together with the 5-section magnet with a front.cell is given in Fig. 3.

One 1mportant problem of the pulse generator cons1sts in finding a

sw1tch ‘which can hold a voltage of up to 60 kV and carry a 23 us long

current pulse of up to 10 kA. We favour a composite sw1tch called

thyragnltron Whlch 1s made of a deuterium thyratron of normal des1gn

y-passed by three ignitrons in ser1es. The thyratron provides only the

~requlred steep current rlse and the precise turn on, whereafter the igni-
) trons progress1ve1y take over the discharge current. A "thyragnitron",
.us1ng anEEV CX 1171 thyratron ) paralleled by 3 National Tube NL 1039 A

'_1gn1trons, has been tested for more than 106 pulses at 4 kA flat top cur-

)

~ Nevertheless, it remains to be confirmed'expefimentally_that a
JEL LA bl . .
"thyragnitron" using a CX 1191 thyratron ) can produce current pulses of
up to 10 kA amplitude.aod is not affected by the proposed oscillations

supetimposed on the flat tog_of the current pulse.

To test thlS, a prototype pfn w111 be constructed together with a

'short ver51on of the klcker _magnet.

To get the same displacement on the absorber block for all momenta
of the circulating beam, the charging voltage of the pfn must be varied
proportionally to the beam momentum. This would require a variation of

the charglng voltage of a factor .of 40 whereas. the thyratron is only

capable of a voltage variation of a factor of 10. At a voltage below

about 6 kV the thyratron CX 1191 can no - longer be triggered

reliably. Therefore, at an injection momentum of 10 GeV/c

the deflection will be about four times the nominal deflection. When

raising the proton momentum the voltage will be kept constant up to

40 GeV/c, giving a deflection, which is inversely proportional to the

%) .. (6)

and three EEV 7703 ignitrons
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momentum and which reaches the nominal value at 40 GeV/c (see Fig. 7).

Above 40 GeV/c the voltage tracks the momentum and the deflection remains

constant.

3. The horizontally'deflecting kickers (MKDH)

3.1 Rate of rise of excitation current

" The sweeper ﬁagnets MKDHVare excited byla;capacitor'diecharge which
vgenerates a halfﬁsine wave current pulse; If it‘were desired that the
part of the sine wave which is used to sweep the beam durlng the dumplng
' .process were practically llnear,the frequency of the dlscharge would
have to be about_3.6 kHz (Fig. 8, curve 1). But then the spat1a1 d;s~
‘tribution of the protons on the front surface of thelabsorber blocquould
not be7homo§ene0ué.” It would be glven by Flg. 6 w1th the tlme in absclssa
: changed in horlzontal deflectlon.»f This 1nhomogene1ty is due to the de-
'vcrea51ng frequency of the osclllatlons on the flat top of the kick glven
. by MKDV.  This can be compensated by us1ng moré than the 11near part of
'the sine wave durlng the dumping time. The decrease of frequency for
the vertical osclllatlon is more or less compensated by a decrease in

"dI/dt towards the end of the horlzontal sweep.

R The best results are obtained if the excitation frequencyrié 9 kHz
(see Flg. 9). For 25 mm horizontal deflection in front of the absorber
- block TIDV, one can then calculate that the beam is Spread over an area,
‘Whlch is of the order of 10 times the beam cross= section at 400 GeV/c

and for the design emlttances( ) .- The temperature sp1kes w111 be reduced

accordlngly.

The choice’ of a frequency of 9 kHz has the further advantage that
for a given deflection the maximum current is reduced by about a factor 2,
- ascompared to 3.6 kHz. ~Also the capacltor bank is much smaller at 9 kHz,

but the requlred voltage of the system 1s sllghtly hlgher.

-
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- INCONEL vacuum chamber of 0.4 mm wall th1ckness and Wlth corrugations of

- g =

3.2 Position of the MKDH in the’ 1att1ce -

The MKDH can be placed elther upstream or downstream of the MKDV..
The apertures of the magnets placed downstream have always to be 1ncreased
to allow for the deflectlon generated by the magnets placed upstream. An

1ncrease 1n _aperture corresponds for both the MKDV and MKDH to an 1ncrease

V 1n excltatlon current and hence in h1gher demands on the capab111t1es of

the sw1tches. The MKDV sw1tches are probably nearer to the 11m1t of thelr
capab111t1es than the MKDH sw1tches, which w111 be 1gn1trons -and can
handle currents of up to 100 kA(6) Therefore, the MKDH is placed

immediately downstream of the MKDV. A schematlc layout is given in F1g 1.

.;3;3 Main'Parameters

Table 2 g1ves the parameters of the MKDH.magnets for a momentum -of .
400 GeV/c and a horizontal displacement of 25 mm at the front face of
the absorber.blocvaIDV.,4The.MRDH;apertures_areacalculated,according
to the assumptions of Ref. 1, para. 2.2. In addition, as explained in-.:
chapter 2.4, a beam which is deflected by four times the nominal vertical

deflection angle must pass through the MKDH.
Three different construction principles are compared in Table 2+

.. 1) . a ferrite magnet mounted in a vacuum tank (column 1)
v.1%) . a laminated iron magnet with a ceramic vacuum chamber in the -
. ..gap -~ (column 2). -
aEii) .. a laminated iron magnet mounted in a vacuum tank (column.3). . - -

A metallic vacuum chamber .in the magnet gap cannot be used because .-

of the strong field perturbations due to the eddy'currents T a corrugated

5 mm w1dth and 3 mm helght reduces the dlpolar component of the fleld by .
a 3) ' o

507 and 1nduces a sextupolar component of up to 20%

The ferrite magnet (column 1) allows only moderate fields of, at

... most, -0.2T in the gap because..of the low saturation induction in the fer-

:uri;emandnisﬂtherefgre comparatively long..:. However, due to the:high:elec-"
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‘trical resistivity of ferrlte, a. hlgher workxng voltage than for iron
magnets is permltted. In our applxcatlon such a magnet need not be

sub-divided into modules, each w1th its own pulse generator.

For the iron lamlnated magnets (columns 2 and 3),we limit the maxl- ‘
mum current to 30 kA and the maximum voltaoe agalnst earth to about 3kV ‘
Qa, para. 4. 1). ~The total length of the magnet is then chosen accordlng
to the current llmlt, and the number of modules accordlng to the voltage %

“limit. It is also assumed that the lamlnatlons are sufflclently thln

to neglect the eddy current effects.

For'column 2, the ceramic vacuum chamber in the magnet gap is’ assumed 0
to have a rectangular cross-sectlon and. a wall thlckness of 5 mm A ;

clearance of 1 mm between chamber and yoke 1s also taken 1nto account.

As compared to the iron laminated magnets, the ferrite magnet has

the following drawbacks: - . = e ‘

- the cost is 25 Z hlgher
- the remanent klck strength is hlgher

- the requlred space'in LSS4 is longer.

The choice between the_two versions"of}iron magnets (column 2 and 3)

is somewhat difficult. Although a ceramic vacuum chanber'offrectangular (

(14)

!

cross—-section seems to be-feasible-according to previous experience,
making it would require»develoument-work. - On the other -hand, a laminated
- magnet working under vacuum might have a high outgassing rate due to the
thin laminations and the epoxy lnsulated coil. ':ﬁoweuer; due'to'ltsf
smaller ‘gap, the exc1tatlon energy of such a magnet is 30 % lower than
the one of a magnet w1th a ceramic vacuum chamber.f Thls reduces con-:f‘”
siderably the requirements on.the sw1tch~and ;s_therefore an important

advantage.

‘Tests are underway to determine the. outgassing rate of a stack of laminations,

and the first results are encouraging. - We therefore assume for the .rest of
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this note’ that the MKDH will be built as iron laminated magnets working

under vacuum.

3.4 Frequency dependent effects

Under a.c. excitation the mean induction B in an iron lamination

of thlckness 2a is lower than the surface magnetlzatlon B , and is glven
(7 8)

5 - [_/_g__ l/cosh X - cos x }«_» B [ﬁ]for larée X
m s | x cosh x + cos x s x '

where x = 2a/8, and § is the skin depth :

wo
uruo

-where Mo is the relatlve permeablllty, w the angular frequency of the

Aexcitation and o the conductivity of the iron. For the requlred MKDH

gap field Bo = 0.66 T, the mean yoke magneiizatlon will be of the same
magnitude, if the yoke Width is the: same as the gap width, and so, to
avoid surface saturatlon of the lamlnatlons, the lamlnatlon thlckness 2a
must be chosen such that ' ; '

. s
"B < B . = 27T i.e. — < 3,
s saturation i B 3

This criterion gives a lamination thickness of the order of 0.3 frim

This eddy current effect leads to a lower effective permeability,

for a.c. excitation

B .
= 1 o
ueff ur Bs

where M. is the relatlve permeablllty at the surface induction’ B B

f'Consequently, the ampere—turns in the 1ron core are hlgher than 1n the case

3)

| of d.c. excltat;og. ._Computer_calculatlons.u51qgﬁp;ogram:MAGNEI and
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introducing the.effective»perﬁeabilicyruéff-show that under a.c. excit-
ation about 0.8% of‘the‘aﬁpere-turns‘can be expected in the iron, as com-
pared with 0.1% for d.c. excitatich, . "'This leads to a corresponding de-
crease in the magnet inductance. - Such.changes'iq the excitation current
and inductance are acceptable for cur appiiCation. " The eddy current
heating in the lamlnatlons ls proport10na1 to the conduct1V1ty of the

iron, which should thus be low,

3.5 Magnet construction’

As with the MKDV's a field in theé gap uniform to within only + 17
can be tolerated and hence the'MKDﬁfs‘Will also have a C-shape configur-—

ation.

Since the outéf cOnduccer'of;e'C-sheﬁeAmegnet'is ﬁcn-inductive, it
can be bolted rigidly to.fhe yoke.. ' The c011 will be centre fed and the
magnet split into two halves, as is often,done in sepcum magnets © l
this minimizes the necessary. iﬂsulatioh thickness on the inner conductor.
" This thickness was assumed to be 2 mm (Flg. 10a) .The field distribu-
tion in the gap, calculated w1th program MAGNET(’ _ddes not depend very
'strongly on the current dlstrlbutlon in the condﬁctore,(Fig. 10b). As
two MKDH's are required, the cveréll field distribution seen by the SPS
“beam can be improved by puttlng the flrst magnet with the. opening of its
C-yoke facing the SPS. centre and the second magnet facing outwards from o~

the centre (Fig. 11).

The remanent field was estimate& for a .coercive force of 0.5 Oe and
~ has a maximum value of 4.3-107% T on the ﬁagnets centre line. For 10 GeV/c
_protons, at injecticn the oﬁe;turn deflectioﬁ‘isvsmallef‘than 0.031 mrad
and the correspondiﬁg amplitcde of the coherent hcfizonfel betatron oscil-~-

lation will be smaller than‘l.lOlmm for the ﬁbminal value of_QH = 27.60.

W1ch a current. pulse of 30 kA amplltude at an excitation frequency
'.o 9 kdz and a repetltlon perlod of 4 sec, the rms magnet current is 88A.

The skin effect raises the conductor resistance to 1. 6 m2 and so the

average conductor d1s31patlon is 14 W, generated unlformly along the

length of thelconductorg -The'eddy«current loss in the yoke under the
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the same conditions is 6 W. The eddy current loss in the non-magnetic

end plates is difficult to estimate, but should be of the. same magnitude.
If good thermal contact between the outer conductor and the yoke and be-
tween the yoke and the vacuum tank can be achieved, this dissipation can

be conducted away with temperature differences of less than 10°C,-making

cooling unnecessary.

A force with a peak value of 2 + 10" N/m acts on the conductors
during the pulse. As the pulse is very short, the momentum produced is
only 0.55 N.s/m, but the long term effects of this force, in particular

possible damage to the insulation, are unknown, and will be studied

experimentally on a model.

- 3.6 The pulse generator

'The required half-sine wave pulse will be produced b& the dischafge

of a capacitor bank through the cable and magnet inductances, followed

by a clamping process to limit the voltage reversal on the capacitors

(Figs. 12 and 13). Ideally, the cable inductance should be negligible,
but in practice the two inductances will be comparable. This implies
a capacitance of about 66 uF and a charging voltage of about 8 kV. As

the magnet is centre-fed the whole supply circuit must be balanced with

respect to ground and the capacitor terminals must both be insulated from

the case. The stray inductance of the capacitors must be low to minimize

" ringing effects.

The HV switch must s;and.off 8 kV and conduct 30 kA with an initial

rate of rise of current of 1.7 kA/us.' Because of the high dI/dt, the
(10)

use of thyristors is economically unattractive ™ and so the large

2 (6)

will be used. This‘ﬁas'already been employed in

. . . . 9,11
gimilar installations @, ).

To prevent recharging of the capacitors after the first quarter of

. the sine-wave and to provide a rapid decay of the magnet current, a diode

clamp or crowbar is employed. The initial rate of rise of the diode
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current is also large, possiblyZSflO'kA{psi(Fig..lS), though itvwill be
limited by stray inductance'invthe diodeiancuthe crowbar resistof. The
crowbar resistance is{SO mQ ;ﬁd;ggbés'a peak inverse voltage of 1.5 kV.
The total circuit fesletancéAfor'the'croﬁbaf'opefation will be about

100 m&, giving a tlme constant for the decay of 50 us.' The average

d15$1patlon in the crowbar - re31stor will be 250 W with 1 pulse every 4 s.

3.7 The tranSmission»line

To connect the balanced power supply to fnefmegnet terminals, two

. balanced, low inductarnce conductors are requlred plus an earth shield.
Cables with suitable voltage ratlngs are found to have inductances in the
range 70~200 nH/m, so that over a. 150 m run, even 6 cables in parallel
‘jhave an lnductance comparable to that of the magnet.l _It is undesirable
to raise the number of ‘cables above 6, because of the costs involved.

- Three types of cable were cdnsidered:: striplines, cross~connected four-

conductor cables  (balanced qued) and shielded coaxial cables (triaxial).

Strlpllnes have the advantage of very low lnductance but they are

not commerc1ally avallable at’ the requlred voltage rat1ng

. Four conductor powar cable is readlly avallable at voltages up to
;11 kv (a.c.). When crOSS°connected however, its 1nductance is rather
:hlgh typically 150 200 nH/m and thls would nece551tate too many cables

in parallel

A cable consisting of four-thin coakial cables surrounded by an
earth shield has been'propOSed(lZ). Thls 1ngen10us approach gives a net
llnductance of only. 33 nH/m ‘and is: part1cu1ar1y attractive since, in
principle, two: cables ShOuld be sufflclent. *‘Such cables ‘used for a
balanced supply suffer - from an unbalanced capac1tance between the outer

conductor and the ground shleld whlch may lead to. spurlous resonances.
Tnxe can be avoided with - -an even number of cables by connecting. half of

rhem ’xth rcversed polarlty.

P
1
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Although the net cable resistance is small, ca. 50 mQ, the damping

effect is not entirely negligible and the charging voltage must be increased

by about 10% above the nominal value to achieve the 30 kA peak current.

4. Conclusion

It has been shown that in order to deal with the low emittance, high
intensity beam at momenta of up to 400 GeV/c foreseen for the SPS,

the beam dumping system must be made of two types of mégnet :

1) a pair of fast kickers, the MKDV's,deflecting the beam veftically.
These kickers will be excited by a special, fast rising current

pulse, 23 us long, with the deliberately superimposed oscillations

on its flat top.

2) Two additional magnets, the MKDH's,excited by half a sine wave,

will sweep the beam horizontally during the dumping process.

‘Therefore, the dumped beam will be spread over an area of the fromt
face of the absorber block which will be of the order of 10 times the
beam cross—section for the design emittance at 400 GeV. The temperature

spikes induced in the absorber block during dumping will then be reduced

to a safe level.

‘Nevertheless, several points need to be checked from the hardware

point of view and require prototype work. In particular, for the MKDV,

oone has to verify the reliability of the "thyragnitron" switch, for pulses °

'bf up to 10 kA, and the feasibility of oscillations on the pulse flat top.

A short magnet model is also necessary in order to measure the pulse pro-
pagation properties and the field distribution in the gap. . This model
will be installed later on in LSS5 and used as a kicker for measuring the
QV of the machine. A full length prototype of the MKDH will also be
built, to test the magnet comstruction prinéiples and assess the voltage
holding capability, the vacuum behaviour, the cooling efficiency and the

If this prototype proves to be satisfactory, it could

be used as a spare unit of the final MKDH.

All this prototype work is under way.
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Table 1 Maln parameters of the vertlcally deflectlng

' klckers MKDV '

" beam displacement_in'front Qf

absbrber'blockA(TIDy} :
‘ deflection:angle_ ”" e
kickstréngth'aﬁ'4OO:GeV/é'L"
'gap width w (vertlcal)
gap helght h (horlzontal)
_ 'number of modules '

| module’ 1ength ft.ﬁi“A

; .magnetxc f1e1d

-_1nductance per module
characterlstlc lmpedance

maximum peak- current } a'

O man
(mmy e
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ﬁxffiig(ﬁ),'l"
em
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Vc..Vocos(wt) exp (- Bt)
I ..Iosm(wt) exp (- pt)

I =1 =1 explt)

N & Io.Req - exp-at)

Vou 8K w = 27.9.05.10° radfsec
Io~~ 30kA - ' Le o lm s« 50ps
Rcr+ Rc '

Ve = = capacitor voitage -4 Lc + Lm 100
CIms =magnet current - TR o

Icr=crowbar current

__Jg,__s__Asm WAVEFORMS IN_THE cmcuur OF THE
| SWEEPER MAGNET ( MKDH)




