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A. Petre, I.V. Popescu, B. Savu, T.B. Sava, C. A. Simion, C. Stan-Sion, M. Stătescu, N.V. Zamfir
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Abstract

The upgrade of the 9 MV Tandem accelerator at IFIN-
HH started in 2006. Remarkable work was done in the last
6 years that can be seen in the improved performance and
reliability of the machine. Using original preparation tech-
niques, some new beam species were tested for the first
time in our laboratory. This opened the door to new exper-
iments. A major improvement for the laboratory is the in-
stallation of 1 MV Tandetron accelerator dedicated to ultra-
sensitive accelerator mass spectrometry (AMS) measure-
ments of 14C, 10Be, 26Al and 129I, and 3 MV Tandetron
accelerator dedicated to ion beam analysis (IBA). The main
directions of the research activity in the laboratory will be
shortly presented.

INTRODUCTION

The Bucharest FN Tandem accelerator was commis-
sioned in 1973. The accelerator was produced by High
Voltage Electrostatic Corporation - HVEC USA. The first
upgrade of the machinewas done in 1983when a new nega-
tive Cs sputtering ion source was installed [1] and the max-
imum accelerating voltage on the terminal was increased
from 7.5 to 9 MV by installing new accelerating tubes with
stainless steel elements and inclined field and introducing
of SF6 into the insulating gas mixture. In 1977 the accel-
erator column was destroyed and in 1986 it was partially
damaged by two major earthquakes.. Following these two
events a second major upgrade was done, thus the earth-
quake protection system was installed [2].
Starting with 2006 a major upgrade program is ongoing.

The upgrade works from 2006 to 2009, which include the
installation of the pelletron charging system, a new sput-
tering ion source, a dedicated sputter ion source for AMS
measurements, installation of titanium, spiraled field ac-
celerator tubes, a lithium charge exchange alpha source,
nanosecond pulsing system, new power supplies for the
major ion optics elements, and refurbishment of the vac-
uum system were already reported in Ref. [3].
Nevertheless the upgrade program of our main acceler-

ator continued and other two major experimental facilities
are already installed. The upgrade of the electrical system
of the main ion optic elements on the tandem accelerator
continued with renewal of the power supplies of the beam
deflection elements. The old stabilization system of the ac-
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celerator functioning since 1973 was also replaced with an
in house version, improving the stability of the accelerated
beam. The alpha source installed in 2006 was upgraded
to a more stable and reliable version. In order to ease the
operation of the main power supplies of the bipolar mag-
nets and beam deflectors, automated control system of the
power supplies was realized. One important improvement
of the accelerator is the installation of a new gas transfer
system (made by DILO [4]). Comparedwith the old system
using oil vacuum pumps and compressor, the new system is
a state-of-the-art system specially customized to work with
our machine. The new gas plant will improve the quality
of insulating gas due to its oil free pumps and compressors
and will diminish the gas losses at each transfer to an ac-
ceptable level. For the safety of the stripping foils and for
protecting the accelerating tubes of accidental migration of
carbon stripping foils inside them, a fast closing valve [5]
was installed on the high energy section after the analyz-
ing magnet. With this occasion, all the beam lines were
replaced before and after the analyzing magnet with new
beam lines having vacuum treated surfaces, thus improv-
ing the vacuum in that area.
One of the most important achievements for the research

studies done at the tandem accelerator in this period were
the new delivered beams that opened the possibility for new
physics experiments in fields of basic and applied research.
Starting with 2010 two new HVE Tandetron accelerators

[6] were installed in IFIN-HH with the support of an in-
frastructure grant [7] funded by the National Authority for
Scientific Research [8]. The 1 MV Tandetron accelerator,
along with its chemistry laboratory is dedicated for ultra-
sensitive accelerator mass spectrometry measurements of
C, Be, Al and I elements. The 3 MV machine, presently
under commissioning, is dedicated for ion beam analysis
techniques. Both machines are aimed to continue the long
tradition in the applied physics research, currently being
done at the 9 MV tandem accelerator.

MAIN UPGRADES OF THE 9 MV FN
PELLETRON TANDEM ACCELERATOR

Upgrade of the Beam Steering System Power
Supplies

The beam deflection system of the accelerator is an im-
portant part in the operating procedure. The beam quality
and stability was often affected by the defective operation
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of the old poorly stabilized power supplies. The operation
of the power supplies for the electrostatic deflectors was
also not advantageous, pairs of power supplies being con-
nected to the deflecting plates, both being polarized to an
identical bias voltage in order to obtain the non-deflected
accelerated beam.
The old beam deflection system power supplies of the

tandem accelerator were replaced by new high voltage,
bipolar output and continuous zero crossing power sup-
plies (made by FuG-Germany [9]). The new devices were
extremely stable, having a residual ripple smaller than
5×10−4pp+10mV pp. The whole operation procedure for
the electrostatic deflectors was also changed. Each pair of
plates of an electrostatic deflector requires only one power
supply whose output is connected to one of the plates while
the second one is grounded. So a much more stable beam
was obtained and the machine operation is eased. The
power supplies for the double x and the double y deflec-
tion system of the LE part of the FN tandem are showed in
Figure 1.

Figure 1: Bipolar power supplies block with continous zero
crossing capability for an electrostatic deflection system

New Beam Stabilization System

The stability of the beam was often affected by malfunc-
tion of the old and obsolete, but complex beam stabilization
system of the FN tandem. The user request of beam time
was also often affected. Thus, the work on a new, in-house
built system was one of the main goals for our team. The
work started with redesigning two preamplifiers for the slit

signal based on modern logarithmic integrated circuits, ca-
pable to measure on a wide range of currents (from 100 pA
up to 3.5 mA) [10]. The improvement was continued by re-
designing the comparator circuit giving the error signal as
a result of the variation of the beam on the two image slits
of the accelerator. The error signal was fed into the core
circuit of the stabilization system, also completely rebuilt
using a combination of analog and digital electronic cir-
cuits which replaced the electromechanical devices of the
old stabilization system. This core circuit is making use of
both signals coming from the GVM and slit error circuits,
adjusting the voltage on the grid of the corona system vac-
uum tube and thus stabilizing the high voltage on the ter-
minal. This upgrade improved the stability of the system,
reducing the ripple on the ter- minal by about 20%. Due
to its sensitivity the system allowed to decrease the lower
limit for stable accelerating voltages from 1.5 MV to 0.8
MV.

Upgrade of the Helium Negative Ion Beam
Source

The homemade helium source (a duoplasmatron ion
source followed by a lithium vapor charge exchange unit
[3]) commissioned in 2006 opened a new range of nuclear
physics experiments in our laboratory [11]. The original
designed proved to obtain good results, but was not able
to deliver stable beam for long periods of time, its opera-
tion being interrupted very often for cleaning and lithium
refill. The design of the lithium oven placed at the ground
potential surrounded by high voltage optical elements was
not very reliable. Another drawback was that the lithium
reservoir was not sealed and the lithium vapours were mi-
grating in the whole source chamber, destroying the insu-
lation of the accelerating elements. In order to solve all the
problems, many elements were redesigned. The new lay-
out of the source is presented in Figure 2 a) and the source
itself is presented in Figure 2 b). The main modification
was in the design of the lithium oven and reservoir. The
reservoir was redesigned to be sealed and easy to remove
without misaligning the adjacent electrodes. Another im-
provement consisted in connecting the lithium oven to the
HV charge exchange unit and transmitting the low voltage
supply through a separating transformer. This design made
it more compact and efficient. In order to avoid the con-
tamination of the surrounding accelerating elements with
lithium vapors, more efficient condensation elements were
designed at the ends of the lithium reservoir. The negative
helium source is now very reliable and it can deliver beams
for long periods of time with less lithium consumption and
higher beam stability.

Computer Control System for Power Supplies

A program to change the old analogic control of the tan-
dem by a computer control was started some years ago, be-
ginning with the computer control of the sputter ion source
[3]. This year the computer control of the bipolar magnets
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a) 

b) 

Figure 2: a) The layout of the new design of the helium
source, b) The fully functional helium source

(see Figure 3) and the electrostatic and magnetic beam de-
flectors (see Figure 4) was achieved.

Figure 3: The computer control system for the three bipo-
lar magnets on the accelerator (inflection, analyzing and
switching magnet.)

The interesting feature of the control for the magnets is
that the operator has to input only the beam specie, the en-
ergy and the desired charge state after stripping, and the
fields in the magnets will be automatically set to a coarse
value. The fine tuning will be done afterwards by the oper-
ator.

Figure 4: The computer control system for all the electro-
static and magnetic deflectors on the accelerator.

New Gas Transfer System

The insulating gas used now in the accelerator tank is a
mixture of SF6 and nitrogen. Two main problems regard-
ing the gas were encountered. First is the problem of gas
losses during every transfer to the storage tanks and back
to the accelerator tank, and second is the quality of the gas,
mainly from the point of view of the moisture, which can
damage the nylon links of the pelletron chain, and the oil
vapors coming from the pumps and compressors of the old
gas system.
As a consequence the complete replacement of the old

system by a new one was decided. The gas transfer plant
was custom built by DILO [4] in Germany. When design-
ing the system we took into account all the particularities
our system has (for example different final pressures for the
three storage tanks). A picture of the new installed system
can be seen in Figure 5.

Figure 5: The new gas transfer system of the tandem accel-
erator.

The main advantages of this new system is that it has vir-
tually no gas losses, has very good filtering capacity, being
capable to removemoisture and corrosive products resulted
from the SF6 in the moment of sparks in the tank, and it has
oil free compressors and vacuum pumps for SF6 recovery
and recirculation. This will ensure much more stable run-
ning at high voltage on the terminal.
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Fast Closing Valve

The most serious problem that may occur during an ex-
perimental campaign is that someone accidentally breaks
the vacuum in the beam line of the accelerator threatening
the integrity of the turbomolecular vacuum pumps along
the accelerator and destroying the carbon stripping foils in
the terminal. The worst situation can occur when the car-
bon foils migrate into the accelerating tubes, and that can
lead to the destruction of that tube. The best solution for
that was a fast closing valve from VAT [5] with sensors and
controller, having a closing time of less than 20 ms. The
vacuum sensors were installed as close as possible to the
experimental setups. An photo of this valve can be seen in
Figure 6.

Figure 6: Fast closing valve designed to protect the vac-
uum pumps and the stripping carbon foils of the accelerator
from accidental input of air

New Accelerated Beams

One of the main achievements of the last two years was
the acceleration of new particle beams. One of the first
cases of such a beam was the 6Li which was used in one
of the first plunger experiments in Bucharest [12] using a
40Ca(6Li, pn)44Ti reaction to measure subnanosecond life-
times in 44Ti. Another success was the 18O obtained from
the sputtering ion source using LiOH cathode made from
lithium and water enriched in 18 O. The beamwas first time
used in a lifetime measurements experiment in 34P using
the LaBr3:Ce array in IFIN-HH [13]. The 15N beam was
also used for depth profiling of hydrogen in nanomaterials.
13C was used extensively for fast timing measurements in
many experiments in our laboratory. One last successful
experiment took place few month ago using 36S beam on
a lithium target. The aim of the experiment was to deter-
mine the beta-gamma branching ratios from the decay of
the 5− isomeric state in 38Cl using an inverse reaction. The
cathode material for the sputtering ion source was the sil-
ver sulfide obtained from very small amount of isotopically

enriched sulfur. A list of new beams, energies and their in-
tensities after the analyzing magnet is presented in Table 1.
Note that the presented parameters are not the maximum
limits, but parameters extracted from the log book of the
accelerator.

Table 1: New beams accelerated at the 9 MV tandem accel-
erator in the last two years. Examples of the energies and
intensities are extracted from the log book of the accelera-
tors and are not the maximum achievable parameters.

Particle Energy Intensity of
the analyzed beam

MeV nA
6Li 32 150
18O 34 90
15N 14 10
13C 42 50
36S 80 50

1 MV TANDETRON ACCELERATOR
DEDICATED TO AMS MEASUREMENTS

A new facility dedicated for accelerator mass spectrom-
etry (AMS) measurements was commissioned in IFIN-HH
[14]. A general layout of the 1 MV machine manufactured
by HVEE-Netherland as it is now installed is presented in
Figure 7. The AMS system is designed to measure the C,
Be, Al and I elements.

Figure 7: The layout of the 1 MV Tandetron accelerator
dedicated for AMS measurements

The accelerator uses a multiple cathode Cs sputter ion
source with 50 samples/cathodes. This allows the user to
change the sample without breaking the vacuum. After the
ion source an electrostatic deflector allows to use several
ion sources. A key component of the system is the 90o

analyzing magnet equipped with a bouncer system. The
bouncer system consists of an insulated chamber on which
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one can periodically apply high voltage. The bouncer sys-
tem allows the alternative acceleration of two beams, with
a very high selectable frequency. This allows the user to
permanently monitor isotope/element ratio, thus reducing
very much the measurement error.

The accelerator system is a T-shape tandem accelerator
with a Cockroft-Walton charging system, filled with 100%
SF6 as insulating gas. Another 90o analyzing magnet is
present after the accelerator. One of the most important
systems on the accelerator is after the analyzing magnet
and it consists of a chamber which contains two Faraday
cups placed off axis, one fixed and one movable. The fixed
cup is dedicated for monitoring the 12C and the mobile
Faraday cup is designed to integrate the current given by
the 13C, 9Be, 27Al, 127I stable isotopes. The microscopic
beam is measured with the help of a final particle detector
(Bragg type - gas filled ionization chamber), placed after
the final selection element, the 120o electrostatic analyzer
(ESA).

The acceptance tests of the accelerator were passed re-
cently with better results than in the requested technical
specifications. The results of the tests are presented in Ta-
ble 2

Table 2: The results of the acceptance tests of the 1 MV
Tandetron accelerator.
Isotope Measurement precision Background level

of the
isotope/element ratio

14C 2.4� 1.7× 10−15

10Be 12.3 � 2.5× 10−14

26Al 7.6 � 3.7× 10−15

129I 19.5 � 6.7× 10−14

The entire accelerator hall is shown in Figure 8.

Figure 8: The hall of the 1 MV Tandetron accelerator.

3 MV TANDETRON ACCELERATOR
DEDICATED TO IBA MEASUREMENTS

Another big improvement of the research infrastructure
in IFIN-HH is the 3 MV Tandetron accelerator manufac-
tured by HVEE-Netherland, already installed and that will
be very soon commissioned. The accelerator is dedicated
to ion beam analysis measurements. The general layout is
presented in Figure 9.

Figure 9: The general layout of the 3 MV Tandetron accel-
erator.

The accelerator uses two types of negative ion sources:
a duoplasmatron ion source for delivery of negative ions
from gases, this source being used mainly for hydrogen, he-
lium and deuterium beams, with sodium charge exchange
for helium beams, and a Cs sputter ion source for a very
wide variety of ion species. After the ion sources the accel-
erator is provided by a 90o analyzing magnet.
The accelerator is a T-shape Cockroft-Walton tandem ac-

celerator with two stripping systems using gas or carbon
foils. After the accelerator tank filled with 100
The two end station corresponding to the beamlines are

dedicated for implantation and IBA. The implantation end
station consists of one carousel for samples without cooling
system, a heatable target holder, a coolable target holder
and beam sweep system. The ion beam analysis/ion mi-
croprobe end station consists of a experimental analysis
chamber with multiple target holder and motion control on
4 axis, charged particle detector, CCD camera, retractable
HPGe X-ray detector for PIXE, retractable HPGe gamma-
ray detector for PIGE and all necessary electronic equip-
ment.
All the analysis software is integrated in the computer

control of the accelerator. The accelerator hall is shown in
Figure 10

CONCLUSIONS AND PERSPECTIVES

The research infrastructure in our institute has been mas-
sively upgraded in the last 6 years using two approaches:
one is the upgrade of the old but still of interest infrastruc-
ture (the 9 MV tandem accelerator) and the second was in-
vesting the funds in new research infrastructure. Besides
the basic research in atomic and nuclear physics that is
done from the 50’s in our institute, the applied research
has also a long tradition. The IBA and AMS techniques
were used for a long time in our laboratory on dedicated
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Figure 10: The hall of the 3 MV Tandetron accelerator

beamlines at the 9 MV tandem accelerator. In order to ex-
pand the research in the applied direction and because in
this region of Europe this is the only laboratory having the
dedicated equipment for this, we invested in this direction.
Besides the development of the accelerator infrastructure

there is a big effort in the development of the research in-
frastructure around these accelerators. Two major break-
throughs were accomplished this year: the commissioning
of the mixed detection array consisting of 25 HPGe detec-
tors with anti-Compton shields and the 12 LaBr3:Ce fast
timing detectors called ROball, which will be used for nu-
clear structure physics studies at the energies delivered by
the 9 MV tandem accelerator [15, 16, 17], coupled with the
plunger device dedicated for ps timing measurements.
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