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Summary ¢ The 25 GeV/c proton bezm is extracted from the CERN proton
synchrotron within & time-interval of 2.1 ps. For the
production of a high flux of pions end kaons the beam is
then guided towards an external target end in the target
focused tc approx. 1 mm? cross section. Results of preliminary

bean studies are discussed and the apparatus used described.



1. Introduction

It became clear soon ofter the first proposals for experiments with
neutrinos from high encrgy accelerators were made that an extracted beom of high
energy protons would combine.a number of properties of interest for such experiments,

such as &

1) the small emittance of the circulating proton beem could be essentially
preserved. It permits focusing of the beam to a small diameter in a
long and thin target and hence cn efficient use of the accelerated

protons;

2) the time structure : the total burst length of o fast ejected beom
would be convenient for bubble chambers. The bunch structure permits
further gating of counters or spark chambers to a ratio of lO7 ¢ 1
against cosmie roys and time of flight rejection of slow neutron.

ackground.

In fact the retes from internal targets of less than one useful even+ per

1)

were morginal for doing neutrino experiments with justifiable

doy and ton of detector realized st the Brookhaven A.G.S. or expected at the

CERN P.S. 2), 3), 4)
dmounts of machine tinme, 5ﬁd the feasibility wasllﬁrgely dependent on the geometry
of thc synchrotron mognet. Considerations ﬂbout the use of the then plenned fast

5) led to the propooal of a "magnetic horn" 6> oF

ejected proton.begm for the C.P.S. .

for directihg_the pions originating from an external tafget towards thé detector

of the neutrino induced intersctions. Thisvdevice was expected to increase the rate

to seversl events per day in the CERN heavy 11qu1d chamber w1§hou§ substuntlally
3)s 9

changlng the existing proposals for the experlmental layout from which the

present arrangement was developed.

The externa 1 proton beam hos up to date delivered in ubout 35 dxys of
running “pnrox. 106 pulses mainly of 24 6 GeV/c protons outo the external target.
| The accelerated 1ntcns1ty was mostly between 7 and 8.10 - protons Uer:pulse of
which more thon 90 o/o were ejected. The beam worked sgtlofuctorlly after little
settlngjup agd testing time and the neutrino experiﬂent was started immediately.
There wés littlie time available for systematic studies of fhe beam ; the presented

data on the beam properties are hence preliminary.

PS/401%

8)



2. Description of the beam

2.1 Trajectory

The layout of the final experimental set-up is shown in Fig. 1. The
experiment has been nrronged such as to take up the minimum space in the P.S. South
Hall, i.e. the detectors have been ploced into the North West corner of this hall,
legving place for most of the other standard beams derived from internal targets.
As ﬁ consequence, the extracted proton beam could not be used within the range of
directions provided by the ejector mugnet (hatched cone in Fig. 2), but has been

further deflected to follow closely the P.S. ring mognet.

Fig. 2 shows 2 layout of the extraction equipment and the external beam.
The proton besm is e¢jected from the synchrotron by exciting a betatron amplitude
of 20 mm with the fast kicker magnet, and by o subsequent 24 mrad outward deflection
by the septum mognet. After hoving left the machine field; it is deflected into
the direction of the detectors (passing et the some time clear behind the yoke of
the P.S. magnet unit 4) by a deflection of 101.5 mrad towards the mochine centre,
which is:accomplished by 5 pulsed mognets of approximately equal strength. A vertlcal

correction of 0,15 mrad is provided by a sixth small magnet.

The trajectory of the ejected beom through the P.S. magnet up to the point
at which it en wrges fronm the P.S. stray field has been traced with a computer

10)

progrumme . This integrotes the equation of motion in smull steps, the Iield values
belng Lnterpoldtcd from o ueusured fleld table L ). ﬂlgo und 4 show the urajectoryv

through the P.S. magnet units in more deteil ; elso shown i the result of a trajectory
measurement in the last mognet unit \Plg. 4). The outword parellel displacemeht of

the measured curve correspends to approx. i 5 mm error in the relative alignment
between the septum mognet and the measuring equipment. This is within the expected

overall measuring precision.

The machine vocuum is terminated one magnet unit downstreom from the septunm
megnet. From then on the beam'trgvels in 2 vacuum tube, mostly a 40 mm outer diameter
plexiglass tube, at a rbugh vacuun of appfox. 3 Torr. The remaining r.m.s. Coulomb
scattering angle is smaller than 0.02 mrad. That the beam is well centered in the
vacuum tube cen be inferred from Fig. 5 where the spots obtained by introducing

photographic paper alrectl into the veacuun tube are reproduced. For an explanation
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of the small satellite spot visible in two places see par. 3.1.

2.2 Beam optics

The fields in the two ejection magnets are sufficiently constant in space
and time to have only 2 small influence on the beam properties. The effect is

negligible for present purposecs.

The beom leaves the linearized field region of the P.S. operture ln the
mognet units downstream from the septun magnet, where the location of the ejected
bean with respect to the pole frces is indicated in Fig. 4. It traverses a horizontally
focusing field in one and horizontally &efocusing fieids in three'hwlf negnet units
with mean gradignt at 24.8 GeV mbchlne energy of abproy. 4.2 Wb/m in the flrst
wnd 4.3 Wb/ms, 2.1 Wb/m and 1. 3 Wb/m respectively in the other sectlons. The
resultlnO horizontally defocus1ng effect is compensated by 1nsert1ng norlzont@lly
focusing quadrupole (Q1 in Fig. 2) between the two nagnet units. A besm of less than
0.5 nrad divergence is thus produced (cp. Fig. 5).

The beam is then focused to very snall size by a quadrupole triplet

in Fig. 2). The lens strengths as computed_with‘gnother standard programme 12)

(@, - g
are displayed in Fig. 6. Fig. 7 shows the spote obteined on Polaroid film when the
lenses are tuned so as to produce o focus in the space between the deflection
magnet B-6-and-the horn. Fig, 8 has been obtained by inserting at the same place”

photographlc pwprr 1ong1tud1nal1y into the bean in horizontal and Vertlcal planes.

The ottalned gpot sizcs depend on the son51t1v1ty of the photOgraphlc
material =~nd are in fact too large due to seconcary partlcleu. b typlcul examples :
G 5 and;K -1 emulsiong exposed to 1.6 . lOlO protons are shown in Fig. 9. The large
black s@ot in Fig. 9 a is seen to be almost entirely due to r@dlal tracks of -
secondaries, and the actual bean cennot be distinguished. The total doses have been
obtained in different ways in Figs. 9 b, c.ond d which thus give an indication.of .=
the stability of the system at least during short periods. In order to obtain a better
estimate of the beam size o series of K ~ 1 emulsions hos becn exposed to doses
between 3.5 . lO8 and 1.6 . lOll protons and agoin all plates are overexposed in
the centre. However, by pnlotting constant blackening against radius (using a rather
subjective criterion of blackness in wmicroscopic observa ation) a curve as in Fig. 10

can be obtained. Though the peak of the curve is unknown, it allows the conclusion
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that more than 90 o/o of the beam are contained in dimensions smeller than 0.8 mm in

horizontal and 1.3 mm in vertical directions.

It con be inferred from Fig. 4 that the beam avoids the regioneg of strongest
nonlinearity of the synchrotronffield and that phase-space should hence be essentially
conserved. Phase-gpoce ellipses in the horizontal plane have been constructed by
tracing with the computer a number of trajéctoriés with initial conditions lying

on an assumed wachine phase-space ellipse. The resulting contours are shown in Fig. 11.

An approximate emiftdmce value of an ejected beam of 1.5 . lOlO protons
has becq estimated from Fig. lO and similar exposures at the end of lens Q 4.
The result is shown in téble 1. The acceptance of the circulating beam is compgtcd.
from the horizontal besm dimension whick is approximatéiy determined by letting

the ¢jection nmagnet intercept the beam.

Table 1

Extracted beam emittance

eatimated emittance

zasured emittance . . .
S . of the circulating beam

horizontal Tn . lOm7 rad . m 4m . 10--7 rad . m for

beam width 6 mm

7

ertical 3T . 10 rad . m
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2.5 Efficiency

The bunch structures of the circulating-and the ejected beam as observed
with electrostcth plck~up electrodes are shown in Fig. 12. The loss of the second
bunch 1nd occasionel mutilation of the first in the ejected beam are dve to a
temporary deficiency of a qtorcbe line of the ejection system (see par. 3.1). Since
normally no beam is left in the mechine and there is no evidence for losses in the
external beam; (cp{ Fig. 5), we infer thct'fhe extraction efficiency is at present
between 90 and 95 o/o. This is invag:eement with the indication of o calibrated

beam current transformer in ths external beam path.

The stability of the whole system is such that 98 =_o/o of the ejected
pulses pass through & 2.5 mm diameter hole in a fluorescent screen mounted in front

of the 4 mm diemeter target without sigificant light production.

3, Apparatus ond instrumentation

3.1 Tast beam extraction

The beanm is extracted in two stages (see Fig, 5).‘A gudden distortion
lnduced by the "kicker" magnet in the synchrotron orbit mekes the beam pass throug
~ the aperture of a second magnet (bending magnet in Fig. %) which deflects it out
of the synchrotron magnet field. For maximum efficiency the kicker magnet field
rises . between the passage of two subsequent bunches of thc c*rculwtlng proton beam
(1 @. in lOO ns) to approx. 0. 1'Wb/h and cJ(“ys constant for the P@leuthn tlme cz
the synchrotron of 2.1 us (Flb. lj) It ylelde l mrad dcflcctlun and some 20 mn |
amplitude of the orbit dlstcrtlon. The bvndlng mugnet muet have low leaxage field
in order not to distort the synchrotron orbit before egectlon, because 1ts fleld
rlses more slowly and to a hlgher v:lue. It rises to 1 Wb/h in 75 ps ond deflccts
the beam through 24 mrad angle out of the machlne. The pulse of the klcker magnet
is synchronized to the top of the sinusoidal pulse (toc trcce in Plg. 14) whlch

is sufflclently flat during the 2.1 ps interval within Wthﬂ the beon is cJected.

Both mognets are 1occ’ced inside vacuum %anks and cover 1n.their working
p031t10ns port of the I'.3. vacuun aperture. Since the bea il ivlLs a lao 2rge cert of the

vacuunl chamber ct low energies the ejection magnetu are moved into their p081t10ns
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in each acceleration cycle after the betatron oscillations have been sufficiently
damped and the beam diameter is smaller then 1 cm. The magnets are shown in their
vacuum tonks and the hydraulic nctuators are indicated in Figs. 15 and 16.

In order to obtain the required trapezoidal field pulse shape, the kicker

13), 14) of 10 ohm impedance

magnet is pulsed in a matched trensmission line circuit
as schematically represented in Fig. 17. A lumped clement traﬁsmission liné‘(LSL

and SSL) is charged to o certain voltage. Upon closing the gap G a voltage wave of
half the charging volﬁage wifh the associated current wove traveis down the circuit
through the magnet, the energy finally being dissipated in the términating resistor R.
The charged line consists of two parts, one for pulses of 100 ns duration (SSL) and
one for 2.1 us (LSL) pulse duration which permit respectively the ejection of single
bunches or of the total beam. A mismatch of the 100 ns storoge line in the first
assembly explaing the departure from trapezoidal pulse shape in Fig. 13, the

existence of the second spot in Fig., 5 (du& to the bunch deflected by the first peak

of the pulse) and the missing bunch in Fig. 12 which falls into the subsequent minimum.

The pulse generator assembly is shown in Fig. 18. The whole system has
been designed coaxial, the outer conductor always being connected fo groﬁnd potential.
The rack contains from top to bottom the 2.1 us storage line, a high voltage switch,
the 100 ng storage line, the three electrode "ewinging cascade" type spark gap l7>,
and o mutual inductence for observation purposes. Five 50 ohm cables in parallel guide

the pulse to the magnet and further to the oil-cooled resistor assembly.

The kicker magnet consists of two units (Figs. 19 and 20) of coaxial
structure the outer conductor of course being interrupted to open the magnet oD,
TFerrite rings with an air gep are located between the inner aﬁd outer conductors
ond the impedcnce is matched by circular plate capacitors located between the
ferrite'rings. The whole ﬁagn@t ig sealed vacuum tight ;nd is oil—imprégnuted to
improve the high voltage reliability. The radial field distribution in the gap is
shown in Fig. 21. Some paraneters and>ratings of the kicker magnet and its circuit
are collected in table 2.

A low leakage field is achieved by a "septum" type magnet structure,
where the return current conductor ("septum") is so placed that it closes the magnet
gop. The septum magnet (Fig. 22) consists of two unité in series each built up of

blocks of glued Si-steel plates and is excited by o single —turn winding. It is

PS/4013



pulsed in order to ease the problems of cooling the heavily loaded septum conductor.
Eddy currents- induced by the pulse in the front plate that cools and retains the
septun at the samevtime reduce somewhat the leakage field. The radial field
distribution in the gap and the leakage field outside the septum are shown in Figs. 23

and 24.

Fig. 25 shows the "delayed crowbar™ pulsing circuit of the septum megnet.
The capacitor is first discharged through the ignitron pair S and the magnet
(Fig. 14, top trace). The discharge would continue ringing, but before the reverse
voltage reaches its peak the capaoitor is rapidly dischaorged through the ignitrons
CS and the low inductance damping-resistors DR dissipate the stored energy. (Fig. 14
lower trace). In Fig. 26 the low inductance arrangement of the pulser circuit is
shown. Parameters and'ratimgs of the bending magnet and its circuit ore given in

table‘3.

A first outline of the fast ejection system has been presented in ref. 5

and a more detailed account of the completed installation in ref, 16.

3.2 Beam transport

In order to deflect the beam into the chosen lece for the detectors and
at the seme time to produce a focus near the much:mq the beam transport components
had to be located very necr the synchrotron mognet. This requirement limits thelr
external dimensions, while the amall size of the beam allows for smallhaperturest
The deflection fields and the gradients have been planned for very high values in
order to reduce the required lengths} The associated power problem in the restricted
space can be coped with by pulsing all these magnets, since the fast ejected beam

has only 2 us pulse duration.

. There arc four types of magnet components, short qnd long w1pdow frame
bendlng magnets and short and long quadrupolo with hyperbolic pole pleces. They
are all nade from low caorbon steel laminations and excited by several turns of water
cooled copper conductor cast in epoxy resin. The different componenfs are shown in
Pig. 27 and 28 and their relevant dimensions are included in table 4, The field
distribution in the deflection magnets is shown in Fig. 29 end the variation of the
gradient in the guadrupoles is represented in Fig. 30. The pole profile of the

quadrupoles favours the high gradients.
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The beanm traﬂsporf components .ore pulsed from circuits.such as shown in
Flg. 31 The capacitor. is discharged into the magnet coil through ignitron 1. The
ringing frequency of the circuit is such as to allow the ignitron to extinguish after
one half cycle, leaving. the capacitor charged with reversed polarity. The capacitor
polerity is subsequently returned to the initinl sense via ignitron 2, recovering
approx. 35 o/b of the injtial voltage. Extinguishing of the ignitrons is ensured by
the saturable reﬁctor. The irequenCLeg of the 01rcu1tp for tbe various magneto
(Sbe table 4) vary according to the lnductance of thb mwvnetlc componsnts an@ .
wccordlnﬂ to the requlrud current w1th1n the llmlt Amposed by the requirement of
1vn1tron sttlnctlon. Standardlzcd caUWCLtor units an:thus be used, the supply
Voltages belng the same w¢th1n CLTt@ln limite. The cap&citors are éharged by t:&ns— v

17)

duc tor controllud suwpllvs which are stable to better than 0.1 o/o.

The moin parcmeters of the beam transport magnets and the pulsing circuits
are listed in table 4. The installed beem transport magnets are. shown in Figs. 32
and o pu1sef rack in Fig. 33. A more detoiled description of the beam transport

equipnment is given in ref. 18.

3.3 Beam observation and monitoring

The essentinl properties of this beam - densities of the order of 1ol1 v/ mm2

in space'énd 3. 1018 D / s in time - render impossible the use of detection methods -

relylng on the identification of single ourtlcles. The follow1ng techniques ore there-

fore used for beam observation purposes @

- fluorescent screens for beam alignient adjustment end monitoring -;

- a_toroidal transformer for intensity monitoring ;

- electrostatic pick-up electrodes for time - structure (bunch number)
observation ;

- photographic Mthrl&l of vwrlous klnd (normal copying paper, Polaroid: .,
ﬁaférial,'nuclear emu181ons) gre‘used for special purposes as described
in par. 21 and 22. ' | |

Normal an fluoruscenf screens viewed by television cameras have been the

19)

mein tool for. obServ1ng the ejected beam "77. Spaces for screens and their pneumatic

or electromagnetic drives have been provided in the places marked in Fig. 2. Most -

of them served in the setting-up period, but only two are essential for the contintous
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monitoring of the beam. A window frame screen around the aperture of the septum
magnet is used to monitor the position of the circulating synchrotron beam relative
to the ejection equipment since the beamjposition and diameter have a tendency to
vary slowiy. Angther‘screen, with & 2.5 mn diameter hole in fhe cenfre,vis mounted
onto thé target holdér éf‘thé mégnetic horn and aligned with the tafget. Normally,

the beam will K pass through the hole and hence hit the target.

The bean current transformer is of a type similor to that used for the

20)

measurement of the circulating beam intensity and has been described elsewhere .

Ln electrode placed neor the beam typically produces an electrostatic
pick-up voltage up to 1 V. It yields direct information on the beam bunch structure.
A system of four electrodes placed around the beam is being made as an alternative
for beem position monitoring. '

The standard P.S. displays-of radial beam position, trapped proton intensity
(digital indication at preselected machine energies), and -of the variation of the
proton intensity during the acceleration cycle complete the necessary set of

nonitoring equipment.
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Table 2

Parameters of kicker magnet circuit (per unit)

Number of units 2
-~ Perrite 22 mm
Gap height .
~ useful for beam 15 mm
Gep width - Ferrite 52 mm
~ ugeful for beam 25 mn
Length 450 mm
Ferrite length ' _ 280 mm
Pulse duration 2.1 ps 0.10 ps =
Delay time kicker ~ 0.07 us
Inductance of kicker ~ 0.7 pH
Capacitance of kicker ~ 6600 pF
Characteristic impedance ~10.4 £n
Mex. kicker voltage 2E 35 kV
" line voltage 70 kV
" current 3500 A
" energy in storage line 260 J 13 J ®
" magnetic energy in kicker 9.3 J
" glectrostatic energy in kicker 9.3 J
" obtoinable kick in entire magnet 0.153 Wb/m
" field in Perrite A 0.3 Wb/m2

b

value for single bunch ejection
¥¥ nmoximum meons highest value used over

at least 106 ornerations

Ps/4013



Table 3

Parameters of the bending megnet circuit

45 mm wide
Magnet aperture

25 mm high
Magnetic length 1.96 nm
Inductance of the magnet 4.2 uH
Onset of saturation effects around 1.5 Wb/m2
Current at 1.5 Wb/m2 30 kimp
Pulser capacitor (HYDRA) 328 uF
Capacitor voltage at 1.5 Wb/m2 4.5 kV
Crowbar resistor 0.1 (L
Crowbar circuit inductance 0.2 uH
Ringing frequency 3.5 kHz
Crowbar delay 110 s
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Table 4

Parameters of the beam transport masnets rnd the pulser circuits

- . /’ -~ ‘
Moxe ratinze .nd values for the present beanm at 25 GeV/c

Horizoutel| vertical
Quzdrupole lenses deflecting | correction Unit
nagnets nognet
Q1 Q2 Q3 Q4
I
Magnetic length 0.455 0.455 1.485 1.485 1.10 0.35 i =
aorneti anoT e i i i 5 '
Magrnetic aperture 40 dia. 40 dia. 40 dia. | 40 dia. 66 x 40 40 x 66 mm, mm2
Magnetic flux density, mex. e — v —_— 2.2 2.2 Wb/fg
LS . v 4,
Hognetic flux density at 25 GeV/c e — — — 1.56 0.03 Wb/mz
Magnetic field gradient, mex. 80 80 80 80 ——— — Wb/fz
Magnetic field gradient ot 25 GeV/c 26 42 36 41 — — “%752
Excitation current 0.85 1.35 "1.15 1.3%0 1.65 .03 ki
. SSVAN
Inductance 0.4 Cu4 1.2 1.2 342 1 mH
Pulser capacitor ' “
. - P 278 556 13290 1663 3892 10 B
apaeitor voltage 1.1 1 “
. . 1.3 1.3 1.3 1.7 1.0 kv
ored energy 0.17 0.47 1.18
. . . 1.42 .
Uscillation frequency 440 0 ) 7 e “
33 120 110 45 1600 c/s
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Extracted beem trajectory inside the synchrotron aperture
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Cross section of the extracted beam along the external beam path
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Fig. 7 Beam cross sections in the vicinity of the target. (Lenses tuned to
produce focus in the space in front of the horn, cp. fig. 6).
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Fig. 8

Longitudinal sections of the beam in front of the target. Top :

vertical section, below : two horizontal sections (not well aligned
with the beam exis).
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Images obtained on (a) G 5 and (b,c,d) K - 1 emulsions by exposing to
doses of 1.6 x 1010 protons. (Enlargement~5 x). a) and c¢) obtained
from one pulse of 20 bunches, b) from one single bunch and a) from
20 single bunches of subsequent machine pulses.



SIS/R/6822

i
! proton close
1 el
—~—_|35x10°
1do
>4
0|
c
[
E
£
o
2
L
S
8x10°
horizontal ——1"]
vertical| —
10
16x10
32x10%
\ 1,6x10"
//'/ N
——2#-"""—/ *
-] -
2 1 0 1 2
0,75 transverse beam
125 dimension (mm)
‘Fig. 10 Intensity distribution at the edge of the extracted beam, as

obtained from the exposure of K - 1 emulsions to the indiceped

doses

extracted beam after Q1 (0,15m™)

extracted beam at the end of unit 2

/\/ [mrad4 r’
/ < 06 '
extracted beam at
<0 '\\/ the —erfof urft 1
04

\ //K‘_"_‘*\Qv\ , internal beam

B e 0d NI\
T S/ 01 N N
/ ‘ 7\ \\ r_
-5\ /‘4 —/ \Q -1 -1 1 4 4 /5 [mm)

~C

LK

X

-0,
N N-03
N

Fig. 11 Computed horizontal phase - space contours for beam traversing the

P.S. leakage field.



Fig. 12 Time structure of the beam. Bottom trace : circulating beam, top trace :
ejected beam.

Fig. 13 Sum of magnetic kicks in the two kicker magnet
units. Each derived from a loop through the
entire length of the unit. Sweep: 0.5 Ps/div.

Fig. 14. Top: Bending magnet current. Bottom: Crowbar curreht.
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Fig. 15 a.

Sectional view of the kicker magnet in its vacuum tank.

\concrete _ring_beam supporting_CPS_magnet

b. Kicker magnet, being aligned in its tank.
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Fig. 16 a. Sectional view of the bending magnet in its vacuum tank.

b. Bending magnet in its working position.
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Fig. 16 a. Sectional view of the bending magnet in its vacuum tank.

b. Bending magnet in its working position.
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Fig. 17 Principle of the kicker magnet circuit. HV = charging line
from high voltage set 3 IR = isolating resistor ; LSL = long
storage line 3 S = switch (when closed: 2 ps pulse; when open:
100 ns Dulse); SSL = short storage line; G = sparkgap; pc = pulse

cables; KM = kicker magnet; R = matched terminating resistors.

Fig. 18 Pulse generators for the kicker magnet. Center: Two coaxial
lines with sparkgaps. Left: High voltage set. Right top: High
voltage distribution box. Lower right side: Triggering gear
and local controls.
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Fig. 19

Assembled kicker magnet above its vacuum tank. Front left:
Cable coming from the pulse observation loop in the gap.
On the other end of the magnet: The beam-razor fork.



supporting_beam

kicker magnet unit

beam razor”

connector T\ /
\\\\ | non-metallic_wall
\\ i in gap N
— | ¥

coil_for observation
of magnetic field

contours _of ferrite ring

connector for coaxial
measuring cable

ferrite_ri

N
4505

aluminium housin/ D

ferrite _ril

capacitor plates

- . I " | spacers for contact
aluminium_claddin I meta for_cont
_________g_\of ferrite rings ?\ % /; between clad ferrite rings

cast epoxy resin -
polyethylene boxes | B
coaxial connector I B

expansion bell C

spring_loadi

Fig. 20 Structure of the kicker magnet. Top: View on one end of the

SIS/R/6831 assembled magnet. Bottom: Horizontal section of one unit.
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Fig. 24 Leakage field of the bending magnet as measured point
to point along the undisturbed machine orbit (cn. the
sketch of fig. 20). Expressed as a percentage of the

SIS/R/6830 field B(P) in the reference point P.
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Fig. 22

Assembled bending magnet. Black plate in front is the eddy
current shield for reducing the leakage field.
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Fig. 25 Principle of bending magnet circuit. CR = charging resistor;
C = capacitor bankj; S = switching ignitrons; SR = saturable reac-
tors; CS = crowbar switch; DR = dumping resistors; PSC = parallel
strip conductors; BM = bending magnet.

Fig. 26 a Fig. 26 b
Bending magnet pulse generator. Front left: Ignitron rack. Ignitron rack. Top: Dumping resistor. Right: Ignitrons.
Behind that: Capacitor bank. Rights Ignitron and bending Bottom: Saturable reactors. Center left: Low inductance
magnet temperature control. shunts for current observation.
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Fig. 25 Principle of bending magnet circuit. CR = charging resistor;
C = cavacitor bank; S = switching ignitrons; SR = saturable reac-

tors; CS = crowbar switchy DR = dumping resistors; PSC = parallel
strip conductors; BM = bending magnet.

Fig. 26 a Fig. 26 b
Bending magnet pulse generator. Front left: Ignitron rack. Ignitron rack. Top: Dumping resistor. Right: Ignitrons.
Bottom: Saturable reactors. Center left: Low inductance

Behind that: Capacitor bank. Rights Ignitron and bending

magnet temperature control. shunts for current observation.
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Fig. 27 Deflection magrets of the pulsed beam transport system
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rupole lenses of the pulsed beam transport system

Juad

Fig. 28

SIS/R/6836



SIS/R/6832

(%) [2B

02

1 Wb/m?
01

2Wb/m?

VL/ — \JO\_%/

Fig. 29 Field error as function of transverse distance from axis of

deflecting maegnet

/ \ 50 Wb/m?

“\\70 Wb/m?

.// r

0 ; 8 © 3 20 2% om)

Pig. 30 Grazdient error as a function of transverse distance from sxis of

quadrupole lens

0 (mm)



=HV,

firing of ignitron 2

capacitor == magnet Y -

ignitron1

saturable
reactor

ignitron 2

Fig. 21 Pulser circuit for pulsed beam transport magnets

Fig. 32 View of the installed external proton beam Pig. 33 Pulser rack for the pulsed beam
transport magnets, showing the
capacitors and, above them, the

SIS/R/6835 saturable reactor and one ignitron
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