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Abstract. The main parameters of the Bucharest tandem accelerator, as well as the
main milestones of its history since March 1973 when it was commissoned are shortly
presented. A general presentation d the main basic and applied physics research so far
undertaken at the tandem is given, ending with some ideas related with the future
perspedives of the tandem.

1. The Bucharest tandem accel er ator

The FN-model Tandem Accderator in Bucharest was commissoned thirty yeas
ago and in this lapse of time nuclea and atomic physics researches, basic and applied,
were undertaken by scientists of our institute a well as from other institutes of Romania
and d other countries. The main milestones of the Bucharest tandem accderator history
are:

1973 : commissoning of the Tandem (7.5 MV maximum terminal voltage;
negative ion injedor based ona duogdasmatronion source followed by an eledron adding
channel; accderated particles: protons, deutons, C, N, O, F, S) and keginning of the
researches.

1977: astrong eathquake (7.2 Richter scale) provoked the wll apse of the tandem
column. The rebuil ding of the clumn was completed in 1979[1].

1979: upgrade (mainly by installing new acacelerator tubes, substituting the old
resistive terminal voltage divider with a new one and addition o SFg to the isolating gas
in the acelerator tank) that all owed to raise the maximum terminal voltage & 9 MV.

1983 : development and installation d a new negative heavy ion injedor [2]
based on a sputter negative ion source (model HICONEX 834) that allowed to produce
and accderate more than 30ion spedes, extending from protonsto Au.

1986: a strong earthquake (6.9 Richter scae) damaged again the tandem column
that could berepaired orly in 1990 de to the high costsinvaved.

1989- 1990: an ariginal eathquake protedion system of the tandem accelerator
tank was developed in IFIN-HH and installed [3]; a new origina termina voltage
resistive divider was constructed and installed onthe tandem column [4].

1996 - 2001 : the wnstruction and installation d a third negative ion injedor
based ona sphericd sputter ion source amed for converting the tandem in an accderator
mass pedrometer (AMYS).

Excepting the long periods (19771979and 19861990 of interruption die to the
column damage by the earthquakes, the tandem deli vered each year 3000- 4000 houws of
beam ontarget for physics experiments and appli cations. In normal operation the terminal
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voltage isranging adually from 1.5MV to 85 MV, value that is not excealed in arder to
proted the system.

In the table 1 is given a list of the negative ion beams currently produced and
aacelerated at the Bucharest tandem accderator.

Tablel
Injected beam current from ion source Range of
lon spedes [UA] accelerated ion
Duopasmatron Sputter source energy
(MeV)
1H 5 0.5 3-17
oH 5 0,5 3-17
7Li - 0.2 3-25
oBe - 0.05 5-34
10B - 0.1 5-42
11B - 0.2 5-42
12C 1.7 5 5-50
14N 2.5 - 5-60
160 2.2 4 5-68
19F 6 8 5-68
24aM g - 0.2 8-76
27Al - 0.07 8-76
285 - 3 8-76
2S 2.5 8 8-85
3sCl 2 1.8 8-85
40Ca - 0.15 10-85
48T - 0.05 10-85
5,Cr - 0.03 10-85
55MnN - 0.08 10-85
seF€e - 0.15 1093
5gNi - 0.6 10-93
50CO - 0.35 10-93
63CU - 0.5 10-93
64ZN - 0.05 10-93
29Br - 2 10102
1271 - 1.2 10-102
108AU - 0.6 10-102

2. The Research Program at the Bucharest tandem accelerator

The excdlent quality of the tandem accderator ion beam (good energy definition
and resolution, continucusly variable energy easy to be thanged and low beam emittance)
stimulated along the years numerous investigations both in basic and applied research.
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Up to the years ninety several studies on heavy ion reactions medhanisms have
been pusued by measuring the readion poducts both with commercially silicon and
with gas ionization hane made detectors. In nuclea structure investigations there was
along the years and there is gill nowadays an adive research program. Experimental
investigations in nwlear structure physics include a wide range of experiments
addresgng studies of colledive excitationsin nwclei by gammaray spedroscopy (angular
distributions, excitation functions, single and coincident spedra), lifetime measurements
by eectronic and Doppler shift techniques in the “in-bean” measurements. Several
nuclead moments measurements have been completed along the years. Recently, “off-
beam” experiments became dso available by the commissoning of an eledric beam-
chopper install ed on the low energy side of the accderator. The enhancement of the weak
readion channels is usually dore by measuring gamma rays in coincidence with neutrons
and/or charged perticles.

By using the large variety of ion beams provided by the tandem aacelerator (and
by the 14 GHz ECR ion source RECRIS [5] recently put in operation) an ambitious
atomic physics research program is pursued with the goal of obtaining new information
ontheionization cross dions.

The detection systems for all these studies include four GeHP high resolution,
high efficiency detectors, five liquid neutron scintill ators, a velocity seledor and several
charged particles sli con telescopes. The @incidence measurements are performed with a
combination & CAMMAC-NIM eledronics alowing 8 channels of amplitude (ADC)
and 8 channels of time (TDC) in “list mode”. Home made software for data acquisition
and lists writing is used in conjunction with advanced off-line data reduction software
originating from famous abroad laboratories (LNL, CERN, GANIL, ORNL). Scientific
works performed at Tandem have been subjeds to many papers pulished in the most
prestigious international journals (Physicd Review C, Nuclea Physics A, J.Phys.G, Eur.
Phys. J., etc.) and communications at international medings.

In addition to the basic nuclea physics interests, in the last decales, the tandem
laboratory fostered a rich interdisciplinary reseach program in applicaions of the
aacelerated ion beans in studies of new materials, environment samples, archeometry,
biology and medicine. PIXE (Particle Induwced X-ray Emisson), RBS (Rutherford
Badkscattering) and ERDA (Elastic Remil Detection Anaysis) are the basic tedniques
used. For these studies a new beam-line has been re-constructed in order to achieve very
high and clean vacuum. The research in this diredion refers to elemental anaysis of
samples for control of padllution, for semicondwctor research and industry, for new
materials and nuwclear waste management. The lon Beam Analysis techniques (IBA) with
heary ion keams are nowadays widely spread in many laboratories around the world who
run tandem or Van de Graaff acelerators. At the Bucharest tandem accderator these
methods are becoming more and more refined and universal.

Another innowetive and sophisticaed analytical technique designed for tandem
accelerators is the Accderator Mass Spedrometry (AMS). It aims to detect rare aoms at
unprecadented levels of sensitivity. AMS is using in conjunction techniques of mass
spedrometry, ion acceleration and ruclear particle identification that allow to attain
extremely high sensitivities, lessthan 100 0@ atoms of a specific nuclide per mg of
material. At this level of sensitivity, well beyond achievable dhemicd purificaion, even
the highest purity materials (including hiper-pure Ge crystals) contain traces of
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pradicdly all elements of the periodic table. At the Bucharest Tandem accelerator an
advanced AMS system is in commissoning stage.

3. Perspectivesfor thefuture

The Bucharest Tandem Accderator will be used extensively in the next yeas asiit
is today for atomic and nuclea physics reseach and for applicaions. Among these the
AMS will become more and more important.

The old HVEC inclined field accderator tubes with stainless sed eledrodes, that
have been in service for over 40,000 hous which is very close to their life-time, will be
replaced by a new set of Dowlish spira field accelerator tubes with titanium eledrodes
that we have in spare. By this, the transmisson d the ion keam through the accelerator is
expeded to increase from abou 8% asis presently to abou 20%.

Ancther very important issue we have been considering for quite along time is
the dange of the present eledricd charge transport system of the Van de Graaff
generator, based on a rubber belt (12 m long, 0.5 m wide, no longer commercialy
avail able), by an eledrostatic induction system (a Pell etron chain). This latter system has
a least two important technicd advantages: it allows to improve the terminal voltage
short term stability from 2.5 KV to +0.5 K/ and the accderator tank is no longer
“pdluted” by belt rubber dust. To these should be alded the much longer life-time of the
Pell etron chain if compared with that of arubber belt. We ae now looking for afinancial
suppat of this projed.

To sum up, the Bucharest tandem accéerator was along the last 30 years and is
for the future as well the main infrastructure basis for the development of a sound nulear
and atomic physics program in ou ingtitute. It provides over 3000 fours/year of ion
beans with a large variety of ions from protons to gold. We are optimistic ebou the
future of the physics with the tandem ion keams, in besic, applied and interdisciplinary
researches, espedally if more university research groups will bemme users and an
international suppat will be further attraded from the EU, NATO and in bilateral
international coll aborations with important research centers of the world.
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