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under construction at Amsterdam. 

P.J.7, Bruinsnta and C. de Vries 

Institute for Nuclear Research, Amsterdam 

Introduction 

It is reasonable to assume that for this conference it is 

hardly necessary to describe in detail the features of the 

accelerator design. Therefore we present merely the design 

parameters and the general lay-out of buildings and of the 

main components of the accelerator. Then we will describe 

some of the accelerator technology features which are typical 

for the Amsterdam machine. Because we are dealing here with a 

status report we will describe the performance obtained so far 

with the first part of the machine with some remarks on the 

planning for the next 2 years in which the facility ought to be 

fully operational. 

The second part of this report describes what type of experi

mental facilities are under construction. Also here the status 

and the planning schedule will be indicated. 
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Part 1 THE STATUS CF THE ACCELERATOR 

Mashine description 

The parameters of the Amsterdam machine are indicated in table 1 

Table 1 

Max. energy 

Duty factor 

Pulse width 

Max. rep. rate 

Max. intensity 

Number of modulator klystron units 

Klystron 

frequency 

peak power 

average power 

pulse duration 

efficiency 

500 MeV 

2»s% at 500 MeV 

10% at 250 MeV 

50 us 

2000 pps 

500 pA average 

12 

2856 MHz 

1-4 MW 

100 kW 

55 lis 

30-40% 

The lay-out of the central beam line components and of the 

buildings are indicated in Figs. 1 and 2. 

The characteristics of the accelerator (in more detail described 

in ref. l and 2) are very similar to the MIT-Bates accelerator 

except for slightly higher duty factor and maximum energy. 

Some constructional aspects, however, are rather typical for 

the Amsterdam machine; 

a) The modulators for the klystrons are of the line-type 

(pulse length 50 us) , build up with solid state devices 

instead of high voltage switch tubes. 

b) The design of the modulators (see Fig. 3) as well as those 

for the cooling- and control systems are based on a modular 

principle. 

A full description of the rather special modulator design is 

in ref. 3. 

c) The accelerator is computer controlled (see Fig. 4). 

d} A full power test facility is available for testing, repair 

and improvement programs. 
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Fig. 2 Lay-out of the buildings for the intermediate 

energy physics facility. 
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These aspects provide IKO with a intermediate energy physics 

facility with, potentially speaking, some unique features: 

1. Multiple experimental beams on a pulse to pulse basis, each 

beam to be programmed with individually adjustable energy, 

current and duty factor. 

2. Due to the modular design of the modulators (see the block-

scheme indicated in Fig. 3) a break down of some of the 

modules will only affect the maximum repetition rate and not 

the energy of the beam 'see Table 2). 

3. Maintenance and repair work influence on available beam time 

will be limited. 

4. Large reduction in interconnecting cables due to extensive 

use of data-highways and computer controls. 

Table 2 

Redundancy of modules per modulator 

(in total 40 modules are available) 

Klystron r.f. output (frø) 

Max. Energy gain per modulator (MeV) 

Repetition rate (pps) 

Modules required for Max. energy 

Number of redundant modules at: 

repetition rate (50 ys pulse length) 

<625 Hz (d.f. <3.1%) 

<125QHz (d.f. <6.2%) 

<lB75Hz (d.f. <9.3%) 

<2500Hz (d.f. <12.5%) 

1 

22 

2500 

9 

31 

22 

13 

4 

2 

30 

1250 

16 

24 

8 

X) 

X) 

4 

44 

625 

30 

10 

*) 

*) 

*) 

x) not applicable, exceeds nax. allowed rep.rate. 
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Initial performance 

With the installation of the beam center line components 

recently completed one expects first test beams (<100 MeV) 

to appear at the end of the machine in the tune-up facility 

in the main switch yard (see Fig.5) early 1979J the beam ohtained 

from the first part of the. accelerator with 3 klystron-modulator 

units has been used to test accelerator performance as well as 

instrumentation in the substation at the 140 MeV point. 

In Tables 3, 4 and 5 is indicated the performance of the 

injector station, the accelerator up to the 140 MeV point and 

the test runs with only one of the modulators (number 3). From 

those tables it is clear that operation at full specifications 

has not been achieved so far. However, from Table 5 it is 

apparent that all problems related with the high duty factor 

goals, from a technological point of view, have been solved. 

Table 3 

Injector 3eam 

Energy 

Energy Spectrum 

Beam current peak 

Beam current stability 

Phase space mm.mrad 

Table 

Accelerator 

Energy max at 10% d.c. 

Energy max at 2.5% d.c. p 

Energy Low Energy Station 

Beam current peak 

Pulse width max 

Rep. Rate max 

Energy spectrum 

Beam Loss 

4 

Performance 

Desiqn 

20 MeV 

<1% 

>20 mA 

0.1 mA 

<1 

Beam Performance 

Desiqn 

250 MeV 

500 MeV 

140 MeV 

20 mA 

50 ysec 

2000 Hz 

<0,5% 

<0.i% 

Obtained 

20 

1% 

35 

MeV 

mA 

0.3 mA 

<1 

Obtained 

85 MeV 

20 mA 

30 usee 

200 Hz 

0,5% 

<1% 
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Table 5 

Accelerator r.f. 

r.f. pulse width, ps 

Repetition rate at 

1 MW (d.f.: 10«) Hz 

2 MW (d.f.: 5%) H2 

4 MW (d.f.: 2.5%) Hz 

performance 

Design 

50 

2000 

1000 

500 

Obtained 

50 

2000 

1000 

100 

*) 

*) These results have been demonstrated with one of the 

accelerator units. 

Planning 

Partly due to problems with timely delivery of components the 

completion of all 12 modulators is not foreseen for late 1980. 

The 500 MeV beam switch yard (see below) will be completed 

at the end of 1979. First test runs into the different 

channels — other than the tune-up facility — will take 

place early 1980 and related with the time schedule for the 

electron scattering hall (see belcw) first high energy 

(>200 MeV) experiments are scheduled for summer 1980. 
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Part II SXPKKIHENTAT, FACILITIES 

The 240 MaV subsist i g>» 

In addition to equipment for radio-chemistry, electron 

scattering instrumentation, transferred from the former 

85 HeV elrctron linac facility 

is now installed in the 140 MeV substation. Preliminary data 

taken with a 100 MeV beam from MEA shows that work at a reso

lution of 1 M 10 is feasible. "?he expectation is that with 

the high duty factor Learn a good scientific program can be 

undertaken, especially so if further improvements in the near 

future — e.g. the introduction of the dispersion matching 
-4 0 technique (resolution up to 3 x 10 ), a 180 scattering facility 

and or a photon beam facility — will be made. 

The iQC 'teV bean Handling system 

The general lay-out of the beam handling system (BHS) is 

shown in Fig. 5. 

The primary electron beam can be kicked (with switching magnet 

K002) into three different channels: 

1. At 3 to the right into the area where experiments will be 

done with pions and muons generated with the primary beam. 

2. At 0° into the tune-up facility. This facility will be 

used to study and improve the beam before it is allowed 

to enter other channels. During operation in one or more 

channels, the tune-up facility can also be used to check 

the beam on an "on-line" basis; then a few percent of the 

beam pulses are kicked into the tune-up facility. 

3. At 3 to the left into the most complicated part of the 

BHS which serves mainly to obtain the high quality beam 

needed for the electron scattering area. (Also — beyond 

kicker magnet K401 — an area for radio chemistry will be 

served). 

Basically, the system consists of two 90 sections in the first 

of which the energy definition takes place. In order to avoid 

too large a power dissipation in the slits, the beam is kept as 
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large as possible in the vertical plane at the position of the 

slits (typically I cm). Much time was invested to obtain a 
separated-function system, i.e. that changing the setting of 

one or a group of magnetic elements affects only one property 

of the beam at the target. The assistance of Dr. K. Brown (SIAC) 

is gratefully acknowledged. 

The system can operate i i two different optical modes: 

1. Energy Loss Hode(ELM). In this mode the dispersion of the 

BHS is matched to that of the high resolution spectrometer 

(QDO) in the end station (see below}. Resolution then does not 

depend on the Ap/p transmitted through the slits. The BHS 

generates dispersion in the horizontal plane; since the 

spectrometer Lends in the vertical plane, dispersion matching 

implies also rotation of the BHS dispersion plane. This is 

accomplished by means of a rotator consisting of 5 quadru-

poles (0509-0513). For inelastic measurements the BHS 

dispersion has tu be adjusted. This is achieved without 

affecting any non-chromatic properties of the BHS by means of 

the so-called "-I" cell Or. K. Brown, private communication). 

This cell, consisting of two dipoles (B501 and B502) and two 

quadrupoles (050 3 and Q50S) produces a "-I" transformation. 

By adjusting the two quadrupoles such that the^r focal lengths 

remain equal but opposite, one changes only the angular 

dispersion and consequently the linear dispersion on the target 

without affecting any other beam parameter. To generate this 

*-l" transformation in the y-plane, the two dipoles have 

pole-face rotation at both ends. Two sextupoles (S501 and 

S502), located around the last dipole, correct second-order 

aberrations. Orthogonality, i.e. separation of functions, 

exists also for the width control of the beam spot at the 

target. 

2. Normal Mode (NHJ. In NM operation the setting of the first 

90 section is identical to that in ELM.The second 90 section 

is r'ade double-achromatic by switching on one quadrupole (Q502) 

and changing the setting of two other quadrupoles (Q503 and 

Q505) (the rotator naturally is turned off). Spot control 

takes place with a quadrupole triplet (Q506-Q508). Typical 

resolution in NM is 3 å 4 x 10"4 (at minimum slit setting). 
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The present status of the project is as rollowst 

All magnets and their power supplies with 16 bits binary manual 

r»nd computer control are installed. Computer control with a 

16 k a LSI-2 minicomputer (vith CAMAC interface)will be possible 

shortly. Beam handling components like dumps, collimators 

and beam stoppers and the slits are manufactured by SLAC. Most 

components have been delivered. First test, beans into the tune-up 

channel are scheduled for spring 1978. Installation of the whole 

BHS area is expected to be complete at the end of 1979. 

The secondary Learn area 

Due to the high duty cycle of the machine (corresponding with 

relatively low peak currents( the MEA electron beam is capable 

of generating rather large intensities of pions. Fig. S 

compares the yield as a function of pion kinetic energy and for 

different targets to be obtained from electron beams (500 MeV, 

500 \\ avearge) with those from proton beams. Lov; kinetic energy 

fluxes are more or less comparable. 

Once the pion beams are generated also muon beans with related 

fluxes can be considered for research. 

The transport of the ,Uons (and muons) from the converter to 

the experimental area rran take ĵ lace in different ways. The 

IKO in-house group has chosen for an upward bending system 

followed by a horizontally positioned superconducting channel, 

which .is an exact copy of the channel in use at SIN (Zurich). 

Such a channel guarantees an optimalization of muon fluxes over 

pion fluxes. In other words, although pion beams are also 

transported by the channel, the characteristics of its design — 

namely sufficient path length to allow the pions to decay and a 

sufficient acceptance angle of the channel for the decay product 

(muon) — is made such that as high a flux of muons can be put 

to the disposal of the experiment, while sacrifying on the flux 

of pions. Transport channels exist where one optimizes instead 
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500 MeV electrons with the following convertors 

a 2 rad. lengths (6.8 cm) Ti 

b 2 " " (4.2 cm) Cr 

c 2 " " (2.77 cm) Cu 

d 0.36" " (1 cm) Cu 

For L = 8 . 0 M , fl = 30 msr, Ap/p » + 2.5% 

As a comparison pion spectra from SIN are presented 

e l 2 cm C (6 » 0 degree target El) 

f 3 cm M (9 » 90 degree target E2) 

g 0.5 cm C (6 » 22.5 degree, thin SIN target PM2) 

The SIN values are given for 100 yA primary current and 

Ap/P " + 2.5%. To facilitate the comparison between 

IKO and SIN, the data were reduced to Ap/p » + 2.5%. 
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the pion flux (shorterpath length) but as stated before, the 

IKO group — limited by funds and manpower — was forced to 

make a choice and considered muon physics to be more attractive. 

Partly so because the type of work to be performed with muons 

has a larger overlap with the electron and photon beam physics. 

Recently the Free University of Amsterdam obtained approval 

tor its proposal to build in conjunction with the IKO channel 

a so-called pion channel which will be injected with pions 

generated at the same convertor used for the IKO channel. 

Hence both channels will be operational simultaneously. 

Fig. 7a and 7b shov; the lay-out of the transport channels. 

Pions emerging from the Saclay type electron-pion convertor 

to the left at an angle of 120 in the upward direction are first 

captured and transported by a quadrupole sys*2m (triplet + 

doublet, fl = 75 mster) then bend into the horizontal plane 

whereafter injection into the superconducting channel occurs. 

The heavy shielding and the location of the cryogenic instruments 

are also indicated. Pions emerging from the convertor to the 

right will also bend upward and then bend horizontally into 

the area to be used by the Free University for pion physics. 

The status of the project is that the optical design of all 

components is completed apart from the ejection systems which 

will depend to a large extent on the specific requirements of 

the experiments. 

Assuming a 400 MeV, 200 kW electron beam Impinging on the 
2 

convertor the calculated muon flux at a 25 cm target beyond the 

superconducting channel and the stopped muons per gram are 
5 3 

respectively 10 /sec and 5x10 /sec for fip/p = + 5%. 

The first parts of the superconducting channel are delivered. 

The quadrupoles and bending magnets will be delivered during 

1979. Completion of the whole system is foreseen before 1961. 

500 MeV electron sagt tering facility 

For the 500 MeV endstation two large magnetic spectrometers 

are under construction. For high-resolution (-E » 10" ) single 
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arm experiments a spectrometer of the QDD type (Quadrupole-

Dipole-Dipole) has been designed. The instrument can operate 

in the normal as well as in the energy-loss mode. In the 

latter mode matching the dispersion at the target to the 

dispersive properties of the spectrometer allows the use of a 

momentum spread of + 0.15%in the incoming beam while still 
~ -4 

achieving a momentum resolution of better than 10 at the 

detectors. 

There is a cross-over for the electron trajectories in the 

non-dispersive direction between the two dipoles. A multipole 

magnet (B = 150G) will be installed between the dipoles 
max 

which will enable to correct for small deviations of the actual 

parameters of the spectrometer from the designed ones. The 

most important properties of the spectrometer are listed in 

table VI. Special emphasis is given to the design of a flat 

focal plane, thus allowing the use of large multiwire devices 

without the need of application of out-of-focus corrections 

at the edges of the focal plane. 

The second spectrometer,a QDQ, will be used for the detection 

of "heavy" charged particles like protons, deuterons, alpha's 

and pions. The main property of this instrument is the large 

solid angle of 17 msr. The focal plane is also straight. The 

properties of the QDQ are given in table VII. 

For coincidence experiments, such as {e,e'p), the QDD is then 

used for the detection of the electrons. Both spectrometers can 

rotate around the scattering chamber over the angular ranget 

25 to 155 . The scattering chamber will be provided with a 

sliding foil construction for each spectrometer. Special care 

had to be taken for the design of the shielding around both 

focal planes in order to suppress unwanted background events 

in view of the very low cross sections (in the order of 

10 cm"/sr) to be investigated. Heavy concrete (3.5 g/cm ) 

will be used with boron-loaded polyethylene and lead layers on 

the inside. The total weight of the shielding amounts to 220 tons. 

A special support structure has been designed for the support 

of the shielding of the QDD in order to prevent this heavy 

shielding to influence the mechanical tolerances of the 

spectrometer. 
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T;ihlo VI, 

Spectrometer constants of OOP, 

Kadius of curvature 140 cm 

Maximum momentum 600 Mov/c 

Corresponding field 1.43 Tesla. 

QUADRUPOLE! 

The field also contains sextupole up till dodecapole components. 

Radius 7 cm. 

DIPOLES: 

The dipoles are pure dipoles; the entrance and exit profiles 

have a complicated uh.ipi* which can be described by a seventh 

order polynomial. 

Deflecting angle 2 x 75° 

Gap 7 cm 

KOCAT.. n.ANr: 

The instrument lias a flat focal surface. 

Angle between focal plane and reference trajectory: '11° 

P Momentum acceptance 

Solid angle Aft = 5.f> msr (+ 40x10 mrad) 

Focussing conditions (x/0) = 0 (point-to-point) 

(y/Y) - 0 (parallel-to-point) 

Dispersion (x/fi) = 6.78 cm/1 . 

Magnification (x/x) = -0.60 cm/cm 

Beam-momentum acceptance + 0.151 (for energv-loss) 

Angular resolution (y/<f>) = 0.007 cm/mrad 

Momentum resolution <lxl0 for —E - + 11 
P 

<3xl0~'' for ~2 « + S"* p 

The instrument has a cross-over (y/ø) - 0 in the non-dispersive 

direction between the two dipoler.. 
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Table VII. 

Spectrometer constantsof QDQ, 

Radius of curvature 160 cm 

Maximum momentum 750 MeV/c 

Corresponding field 1.56 Tesla 

QUADRUPOLES: 

Both entrance and exit quadrupole contain sextupole up till 

dodecapole components. The gap of the entrance quad is 11.2 cm, 

that of the exit quad 19.2 cm. 

PIPOLE: 

The dipole is a pure dipole, with curved entrance and exit 

faces as well as an insert, the so-called "split" in the 

middle in order to obtain higher order corrections. 

Deflecting angle 90° 

Gap 12.8 cm 

FOCAL PLANE: 

The instrument has a flat focal surface. 

Angle between focal plane and reference trajectory: 50° 

Momentum acceptance —E = + 5% 
P -

Solid angle A« = 17 msr (+ 70x70 mrad) 

Focussing conditions (x/9) = 0 (point-to-point) 

(y/ø) = 0 (point-to-point) 

Dispersion (x/6) = 7.28 cm/% 

Magnification (x/x) * -1.17 cm/cm 

(y/y) = 2.49 cm/cm 

Angular resolution better than 10 mrad (both x and 

y-dlrection) 

Momentum resolution better than 10"* for -E = + 5% 
P 
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A cross section of the two spectrometers together with the 

shielding and the support, is shown in Fig. fl. 

The status of this project is as follows: 

The supporting construction (see Fig.8 ) is installed. 

The spectrometers are under construction at Bruker Physik 

(Karlsruhe) and are due for installation in 1979. 

The heavy focal plane shielding construction is ordered and 

will be ready for installation as soon as the spectrometers 

are installed. 

The detection equipment for each spectrometer will contain — 

similarly to the Saclay system — three multiwire drift chambers 

in a telescopic arrangement with scintillators and Ce::enkov 

counters. 

The MWDC will be constructed according to the prototype (64 wires) 

successfully tested in the focal plane of the 140 MeV spectrometer. 

The main features are: small gap (4 mm), 2 mm spacing of the 

wires, application of drift techniques to allow position accuracy 

within 0.25 mm in the dispersion plane and a few nun resolution in 

the transverse plane, 20 nanosec dead time. This means that in 

relation to the specific beam conditions of the IKO accelerator 

counting rates of 25 per burst can be handled under a 1% dead 

time correction condition. These features will be sufficient 

to satisfy both the resolution requirement (̂ 5x10 ) in the focal 

plane of the QDD and the fast counting condition. The specifications 

for both the mechanics and the electronics of the detection 

system for the two-arm spectrometer arrangement have been formu

lated and the engineering work including the data handling 

system has been started. The expectation is that before summer 

1980 at least the QDD focal plane detector assembly will be 

operational. 

First beam tests with the complete electron scattering facility 

in the 500 MeV endstation is scheduled to start summer '80. 
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