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THE TANDEM ACCELERATOR

The tandem Van de Graaff accelerator (HVEC EN)

has been in operation since the autumn of 1968 for

more than 40,000 hours. In the graph of fig. 1 the

development of the yearly working hours is shown-

In the first two years only experiments with light

ions (p, d, 3He and a) were performed, but after

1970 the interest shifted to the heavy-ion work.

Presently about 80% of the time is used for the ac-

celeration of heavy ions.
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Fig. 1. Yearly working hours of the tandem since 1968.

In the course of time various improvements of

the accelerator resulted in an increase of the max-

imum terminal voltage from 6MV to 7.5MV. A consi-

derable improvement resulted from the replacement

of the original composite resistors (HVEC yellow)

by metal oxyde resistors (HVEC blue). The latter are

provided on each end with a disc-shaped spark gap.

These spark gaps suppress surge voltages across the

resistors. To further reduce the impedance between

the end of the row of spark gaps and the tank wall,

shorting cables were installed directly between the

end of each row of spark gaps and the tank base on

both the low-energy and high-energy ends of the ma-

chine. During six years of operation none of the

new resistors needed replacement.

After a serious damage of the belt motor, due to

sparks on its wiring, the cables were shielded by a

well-grounded thick-walled copper box and the thy-

rites were moved from the baseplate to a point

close to the motor. Since the cable damage was ap-

parently induced by the high-frequency electric

field generated through column breakdown, the

cables within the box were mounted at a distance of

5 cm from the wall by means of lucite spacers.

After these changes no further damage due to spar-

king occurred.

After addition of about 5% SF6 gas to the N2/CO2

insulation gas mixture, black corrosion prints were

observed at electrical contacts on the column, es-

pecially at points where the contact pressure be-

tween the conductors was rather poor. The problem

was solved by replacing the aluminium saddles by

stainless steel ones, by increasing the contact

pressure between the saddles and the hoops, and by

placing small springs in the bracket holes for the

resistors to improve the electrical contacts.

The electrical coupling between the accelerati-

on tubes and the column, which' consists of metal

helical springs between the plains and the tube

electrodes, was modified. The self-inductance be-

tween tube and column was increased in order to di-

minish the triggering of tube sparks through

column sparks. The new springs have a ferrite bar

inside giving it a self-inductance of about 10 uH.

The properties of the corona stabilization sys-

tem have been investigated and the results were

used to improve the feedback loops from the slits

and the pick-up plates to the corona triode; see

ref. O

Special attention is given to the humidity of

the tank gas. With an electronic hygrometer the hu-

midity of the tank gas can be continuously measured.

Values of the dew point of -70 °C are normal.

Negative ions are produced with an ion source

developed in our laboratory, la this source, built
2)

for the production of He ions , K vapour is used

for charge exchange. The source is of a simple con-

struction and has no extra focussing lens between

the duoplasmatron and the exchange canal. The ex-

traction voltage is usually 12 l-.V, which voltage is

low enough for a good exchange efficiency and high

enough for a good etaittance. It turned out to be
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possible to produce also heavy-ion beams with this

source. In some cases a liquid with a sufficiently

high vapour pressure is used in the source. For

example, CO2 gas is used for obtaining C and 0

beams and enriched water for ^ 0 beams. Often the

source gas is mixed with H2. Negative ions of the

following elements have been produced: 1H, 2H, 3He,

"•He, B, C, N, 0, F, AI, Si, P, S and C!. The cur-

rents are sufficiently hig'u to meet the require-

ments for experiments.

Fig. 2. The beam-guiding system: 1. the 55 cm dia-

meter scattering chamber, 2. the monorail-type

turntable, 3. the split-pole magnetic spestrograph,

i. the column-type turntable.

Fig. S. The monorail-type turntable.

Since in most experiments a g^od pumping speed is

required in the direct vicinity of the target, the

lower centre area within the table is used to accom-

modate a 200 1/s ion pump. A number of different

target chambers is available. These chambers fit ac-

curately on top of the precisely centered entrance

flange to the pump.

The second turntable consists of a heavy verti-

cal column (0.2 m diam., see fig. 4) with three up-

per and lower ball bearings on each pair of which a

revolving arm can be mounted. Each arm supports a

horizontal detector table. On these tables various

detector systems can be mounted such as single

Ge(Li) or Nal detectors, a Compton-suppression and/

or pair spectrometer, and a three-detector Compton

polarimeter.

The beam-guiding system (see fig. 2) consists

of a switching magnet and four exit channels lea-

ding to separately shielded target areas in the

15 m x 27 m target hall. The switching magnet has

circular poleshoes (0.8 m diam.) which are part of

a vacuum chamber having pairs of diametrically po-

sitioned exits to allow an easy check of the align-

ment of a beam channel. The lay-out of the optical

components in each channel is such that an almost

one-to-one image of the exits slits of the analy-

zing magnet onto the target can be obtained.

For y-ray experiments two turntables are avail-

able. The first table allows in principle detection

of v-rays in any direction from a target (except

backwards). It consists of a circular monorail

(2.4 m diam., see fig. 3) on which a number of car-

riages can move around the target position with a

radial accuracy of 0.02 degrees. Each carriage has

a radially sliding table with a sag of less than

0.3 mm under the maximum load of 200 kg at the tip. Fig. 4. The column-type tvmtable.

28



The Enge-type split-pole magnetic spectrograph

has a central-orbit radius of 90 cm and is equipped

with a standard cylindrical scattering chamber with

a sliding vacuum seal for single-spectra experi-

ments. The standard chamber can be replaced by a

scattering chamber plus turntable for particle-gam-

ma coincidence and angular correlation experiments.

The 55 cm diameter scattering chamber has two

turntables in the inside (one fixed on the bottom

plate and one on the top plate) on which Si detec-

tors can be mounted at various distances from the

target. In the cylindrical part of the wall a 82 mm

diameter hole is available to insert a Ge(Li) de-

fector for particle-gamma angular correlation mea-

surements.

THE 4 MV AND 1 MV ACCELERATORS

The HVEC CN accelerator, which is in use since

I960, has been upgraded in 1970 to a voltage of 3.8

MV. The building in which the machine and the expe-

rimental facilities are housed, is constructed from

concrete with low natural radioactivity; this re-

sulted in a reduction of the y-ray background by a

factor of about ten. The beam-guiding system con-

sists of a 90 degree double focussing analyzing

magnet with a central orbit radius of 55 cm, a

switching magnet and four beam lines. Two of these

are equipped with turntables for proton and a-par-

ticle capture y-ray work and resonance absorption

experiments. The third beam line is used for y-ray

resonance fluorescence work. The fourth beam line

is used by guest groups for atomic and solid-state

physics experiments.

The analyzing magnet with a highly stable power

supply (1:10^) has been calibrated with an overall

absolute accuracy of 100 eV for protons and 300 eV

for a-particles. The magnetic field strength is li-

near to the current within 0.2% up to 1.1 T. The

homogeneity of the field along the beam trajectory

(over a width of 5 cm) is better than 0.1% at field

settings below 1.1 T. The magnet factor k [defined

as kv2 = E{l+E/(2 Me2)} with v the NMR frequency, E

the particle energy and M the particle rest mass] is

found to be constant within a relative error of 40

ppm for proton energies between 300 and 1600 keV

and within a relative error of 100 ppm for a-par-

ticle energies between 2200 and 3700 keV.

The 1 MV accelerator is equipped with a turn-

table for y-ray experiments; it is mainly used for

introducing undergraduate students to nuclear

physics. A second beam line is used by a guest

group for atomic physics work.

' For the Ge(Li) detector, N.V. Philips, Eindhoven
and for the Nal detector, Harshaw B.V., De Meern,
The Netherlands.

DETECTION SYSTEMS FOR GAMMA-RAY SPECTROSCOPY

Five large-volume Ge(Li) detectors (single

closed end) are available with relative efficien-

cies between 18 and 27%, and resolutions between

1.9 and 2.5 keV (FWHM) at E - 1.33 MeV. Three of

these, with efficiency/resolution values of

18%/1.9 keV, 21%/2.0 keV and 27Z/2.3 keV, respec-

tively, are mounted in cryostats with long (17 cm)

and small diameter (6.5 cm) end caps fitting in the

Compton-suppression and pair spectrometers.

The geometry of the Compton-suppression spectro-

meter is shown in fig. 5. The detector is irradia-

ted from the side over a part of the front end de-

fined by a high-density collimator with a density

of 18 g/cm ; see fig. 5. The size of this collima-

tor limits the irradiated part of the crystal to

the intrinsic region between the end of the dead

core and the front layer.

Fig. 5. The geometry of the Compton-suppression

spectrometer. The collimator, W , which is made of

a high-density tungsten-iron alloy 11.2% Fe), has

a cylindrical hole of 7 mm. The numbers indicate

dimensions in mm.

Sinc< absorption in and scattering from inact-

ive m<.L,.rial surrounding the Ge(Li) detector redu-

ces the suppression factor, the manufacturers

were requested to minimize the amount of structural

material in this region. This resulted in, e.g., a

reduction in the wall thickness of the end cap to

0.5 Eiui and of the cooling clamp to 1 mm Al. The

geometry of the Nal crystal, which, for a certain

total volume, is a compromise between minimum

source-detector distance and suppression factor for
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back-scattered y-rays, is chosen such that maximum

suppression is obtained in the low-energy part of

the Compton background. The result for 60Co y-rays

is shown in fig. 6. Between 100 and 960 keV the

mean Compton-suppression factor is 10. The Compton

edges are seen to be reduced considerably due to

the small diameter of the entrance hole in the Nal

shield; compare e.g. with ref.3)

COMPTON-SUPPRESSION SPECTROMETER

'OOon 3 GeiL<> CCrECIOR

« 23 cm x 28 cm Na(Tl)

Fig. 6. A Co spectrum with and without a Nal Veto.

The insert shows the suppression factor, which is

the ratio of the number of counts in the upper and

the lower spectrum.
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The pair spectrometer has an outer geometry

identical to that of the Compton-suppression spec-

trometer and can therefore serve both purposes si-

multaneously. The Nal part of the system is cut in

four sectors of 90 degrees each, which are optical-

ly decoupled with a thin (0.1 mm) layer of Al foil.

Each sector has one 7.5 cm tjiam. photo-multiplier

tube. Fig. 7 shows for comparison a single, a Comp-

ton-suppressed and a "double-escape" spectrum from

the E = 1416 keV resonance in the reaction

23Ka(p,Y)21fMg.

The y-ray Compton polarimeter consists of three

Ge(Li) detectors positioned as shown in fig. 8. The

upper part of the figure shows a cross section

along the plane determined by the beam axis and the

line connecting beam spot and scattering detector,

i.e. the reaction plane. The two absorbers, 125 car

and 100 cnr, used to detect radiation scattered pa-

rallel and perpendicular (|| and _|_) to the reaction

plane, are shielded from radiation directly from

the target by a lead shield of 10 cm thickness.

Fig. 7. High-energy part of the y-ray spectrum

of the E = 1417 keV 23Na(p,y)24Mg resonance.

From bottom to top: a single spectrum, a Compton-

suppressed spectrum and a pair-spectvum.

The coincident events (E , E , At), with E thesa s

energy signal from the scatterer, E the energy

signal from one of the absorbers and At the time dif-

ference between these signals, are stored unmodi-

fied on magnetic tape for later off-line analysis.

A label bit distinguishes between the parallel and

the perpendicular absorber. By summing the E and
S

Efl of each event, spectra are reconstructed for the

|| and J_ systems. Software gain matching is ap-

plied in the off-line analysis. The resolution in

the spectra is about 2.2 keV FWHM at E » 350 keVand 3.I keV FWHM at E 1650 haV.

From E and E (in keV) the quantity

R •= 1 - [511 E /{E (E +E )}] is calculated. For
a s s a

events due to single Compton scattering, R corres-
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ponds to the cosine of the Compton scattering

angle. Events consisting of e.g. Conpton scattering

in the central detector followed by Compton scatte-

ring in the absorber mostly yield R-values incon-

sistent with the geometry. In the off-line analysis

events are rejected if the quantity R does not cor-

respond to a value between cos 35 and cos 105 .

The latter limits are determined from R-spectra be-

longing to full-energy peaks in the reconstructed

spectra of radioactive sources. The R-gating re-

sults in a background reduction of a factor of two

to three in the final spectra.

The relative efficiency a(E ) of the || and |

systems was determined with unpoiarized Y"rays

from various sources. The result is shown in the

upper part of fig. 9.

The polarization sensitivity Q(E ) is measured

with y-rays of known polarization. For this purpose

transitions with known multipolarity and mixing

ratio are used for which the spini of the initial
4)and final states are known [see ref. ].

1.2

1.1

1.0-

3-Ge(Li) Compton
polarimeter

1 2 3
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Fig. 9. The relative detection effioienoy (upper
curve) and the polarization efficiency (lower curve)
of the Compton polarimeter.

TARGET

a) Horizontal cross-section

b) Front view

Fig. 8. The y-rccy Compton polarimeter.

THE DATA-HANDLING SYSTEM

The data-handling system consists of three

front-end computers connected through fast (600 k

bits/s) data-transmission channels with a central

computer (see fig. 10). The last one consists of a

CDC 1700 with 32 k words core and 10.5 M words

disk memory. This system will soon be replaced by

a PDP 11/70 (installed in October 1976) with 96 k

words core memory, a 0.5 M words fixed-head disk

and a 44 M words movable-head disk.

Programs for on-line experiments can be set up

by the experimentalist with a general command and

control language called BACO. For example, this

language is used in a general data collection,

handling and reduction program called SPECTR. With

SPECTR the data analysis can be performed in all

types of multiparameter experiments, with a maxi-

mum of 256 bits per event for the usual coinciden-

ce experiments. The rate of analysis is of the or-

der of 1000 events/s. The structure of SPECTR

allows for arithmetical operations on parameters

and includes a flexible display system.

The central computer provides the mass memory

necessary for the peripheral computers and is also

used in the off-line analysis with the SPECTR pro-

gram of raw data from magnetic tapes.
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Fig. 10. The data-handling system. One PDP 12/40

is used for experiments with, the tandem. The second

PDP 11/iC and the Ldben 70 ave used for experiments

with the 4 MV and 1 MV aoc&leratovs. Various peri-

pherals and the front-end computers are connected

with the CDC-1700 by a multiplexer (MPX).

1) A. Vermeer and B.A. Strasters, Nucl. Instr . JL3J_
(1975) 213

2) A. Vermeer, N.A. van Zwol and B.A. Strasters,
Nucl. Instr . J0£ (1973) 115

3) J. Konijn, P.F.A. Goudsmit and E.W.A. Lingeman,
Nuol. Instr . JJ)9_ (1973) 83

4) H.H. Eggenhuisen et_ aK (to be published)

32


