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Introduction 

A new Tandetron type accelerator was installed by MTA Atomki in May 2014, funded by the 

Infrastructure Grants of MTA. The machine was produced by High Voltage Engineering Europa B.V. 

(Figure 1). Furthermore a duoplasmatron ion source was installed in January 2015, capable of producing 

negative hydrogen ions. This was completed by a simple home-made switcher magnet at the high energy 

exit of the machine, thus allowed us to implement two research beamlines: one for nuclear astrophysics, 

and another for external beam.  

 
Figure 1. The Tandetron accelerator. 

Figure 2. shows the layout of the laboratory (2014-2018). The Tandetron accelerator is in the centre. 

The duoplasmatron ion source and injector magnet is on the right. Beamlines are shown on the left. In 

the meantime we also installed a 9-port switching magnet directly at the exit of the Tandetron, i.e. to a 

temporary position.  

 
Figure 2. The first layout (between 2014-2018). 
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We have received a major grant (GINOP-2.3.3-15-2016-00005) to continue this project. The title of the 

project is “Establishing a world class research environment at the new Tandetron Laboratory of MTA 

Atomki”. We upgraded the first setup with a Multicusp ion source and a 90-degree analyzing magnet. 

The Multicusp ion source cabinet (red box) contains a +/- 30 degree magnet that allows to select the 

Hydrogen or the Helium source. The Duoplasmatron ion source was upgraded to a Cesium sputter ion 

source, which is capable to produce negative ion beams from most heavy elements. On the high energy 

side of the Tandetron the 90-degree analyzing magnet was installed. We moved the switcher magnet 

from its temporary position to the exit of the analyzing magnet. The nanoprobe will be moved to the 

new position on the right 10-degree line of the switching magnet. The microprobe will be moved to this 

new Tandetron Laboratory from the old Van de Graaff Laboratory, thus allowing much better quality 

ion beam (stability, beam size, etc). The new Analytical Endstation will be installed on one of the 

beamlines. Several other beamlines will be available for present and future users both internal and 

external. The vacuum system that is necessary for this is shown with red lines. 

 
Figure 3. The final configuration. 

 

We will learn the structure and basic operation of the Tandetron accelerator in the first part of 

the Lab Exercise. In the second part we will determine the beam energy by Al(p,) nuclear 

reaction.  
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1. Operation 
 

 

1.1 Insulator gas 

We use SF6 gas due to its extremenly good electric insulation properties. The same gas is used in 

industry in transformer stations. This gas is colourless, odourless, amnd heavier than air. It is not toxic, 

nut not advised to inhale. It is strictly monitored by the authorities, because it is a greenhouse gas. 

 

1.2 Radiation 

The accelerator manufacturer has provided all measures to make the machine safe. Thus, by costruction 

the machine will not emit ionizing radiation. Nevertheless, the lab is a radiation safety regulated 

environment. Thus it is compulsory to learn about the safety rules, and wear a personal dosimeter.  

 

1.3 Interlocks 

The Tandetron system provides interlocks for personal and equipment safety. In case a non-desired event 

takes place, a dialogue box appears with an error message, and prevents the machine and personnel from 

(further) damage.  

 

2. Operating software 

 

 
2.1 Control software 

The machine is controlled by two independent software.  

 Tandetron Operating System setup (TOS setup) handles the settings. 

 Tandetron Operating System (TOS) uses the above settings and controls the system.  

 

 

2.2 Panels 

The TOS software uses panels, in which different parts of the machine can be grouped (see Figure 4). 

These panels can be opened by F1 to F12 keys, or the panel selection buttons on the right side of the 

main window. The controllers can be continuous or switchable, the response displays can be analogue 

or digital readouts.  
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Figure 4. TOS software, main window. 

 

2.3 Control 

The beam parameters can be set between minimum and maximum values of certain parameters. 

Examples include electrostatic steerers and lenses, or magnets. These hardware elements are represented 

by slide bars.  

 

Figure 5. Analogue control. 

Figure 5. shows an analogue control, which includes: 

Név 
Nagy lépés Mértékegység 

Kiolvasott 

érték 

Set value 

Beállított érték 

Keret: 
Aktív 
gördítősáv 

Csúszka 

Kis lépés 

Jelölő ablak 
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 a Name field, where the control name is mentioned 

 a Readout field, where the actual readout is displayed  

 a Units field, where the unit is displayed  

 a Scrollbar, which can be used to change the set value 

 an Indication field, which indicates that the TOS system controls the actual value 

 

Digital switches (see figure 6) can be used to control such devices that have two states, e.g. Faraday-

cups, apertures, vacuum gauges (on/off).  

 

Figure 6. Digital control. 

A digital control includes: 

 a Name field 

 an Indicator field, reading the actual status 

 an On button, that turns on the unit 

 an Off button, that turns off the unit 

 

 

2.4 Logging 

All controls and readouts are logged. Every 2 minutes each parameter will be saved. Every day a new 

log file is created. The saved data can be read back by the TOS software.  

 

2.5 Trending 

Up to five parameters can be used for trending. Any of the analogue controls or readouts can be 

selectedto be displased at 0.5s, 1.0s or 10.0s based. These time trends can also be saved as ASCII files.  

 

2.6 Fine tuning 

Tracing 

This is a very useful tool. One parameter can be automatically changed over a range of values, while 

another parameter can be recorded as a function of the first one. E.g. the beam current on a Faraday-cup 

can be displaed as a function of a steerer setting. It can be used to find an optimum parameter 

autopmatically. 

Jelölő ablak 
Bekapcsoló gomb 

Kikapcsoló gomb 

Név 



7 
 

Mapping (two parameter tracing) 

Similarly to the above tool, we can sweep two parameters independently, and find the best of the two 

settings. The result can be displaed on a contour plot.  

 

3. Vacuum system 

The Machine → Vacuum status provides an overview of the vacuum parameters. Each valve can be 

controlled, vacuum gauges can be turned on/off, and their values can be read out.  

Figure 7. shows the overview panel of the vacuum system.  

 

 
Figure 7. Vacuum system overview panel. 

 

 

4. Operation of the machine 

In order to operate the machine several requirements have to be fulfilled, e.g. cooling water, compressed 

air, electricity. Vacuum has to be at a good level throughout the whole system. The TOS softwate 

monitors the necessary parameters, and only allows to start the machine if all of them are valid. In case 

any problem is detected the interlock system gives an error message. 

 

4.1 Starting the machine 

There are several built-in procedures to allow convenient operation. These include conditioning of the 

accelerator tube, startup the ion source, etc. Procedures can be started with a delay timer, e.g. one can 

set an early morning startup, and by the time personnel arrives at the regular working hour the machine 

would be already nearly started. 
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4.2 Ion beam transport through the machine 

Figure 8. shows an overview of the major beam optical components. When beam is transported through 

the machine we use the followings: ACC lens (Q-snout), stripper canal, apertures, electrostatic 

quadrupole triplet. The stripper gas pressure can be controlled to optimise the stripping process. Typical 

stripper gas pressure is in the range of 10-2 mbar. The stripper changes the negative ions into positive 

ones (several different charge states when possible). There are beamline isolation valves (BIV) where 

necessary, these can be used to separate various parts of the vacuum system.  The transmission of the 

machine is typically 60% or better.  

 

Figure 8. Relevant beam optical components. 

 

4.3 System shutdown 

There are several procedures given for partial (e.g. only the ion source), or full shutdown.  

The procedure can be called instantaneously from the Shutdown menu, or at a later programmed 

date/time.  

The machine shutdown procedure also starts the ion source shutdown procedure. All parameters are 

saved in status files (*.sts). During operation the status can be saved at any convenient time, e.g. when 

good parameters are achieved. For file names of the status files, we keep a folder structure: separate 

folders for ion species, and within one folder, not only the file automatic dates, but we always write the 

date to the beginning of the filename. This way it is easy to restrore a required status.  

The shutdown procedure does not stop the vacuum system and gauges.  
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5. Experiments 

 
5.1 TV ripple  

The terminal voltage (TV) shows a characteristic fluctuation, as a result of the cascade voltage multiplier 

operation principle. This fluctuation can be measured, and is called TV ripple.  

The Capacitive Pickup Unit (CPU) is an electrode that measures the fast variations of the TV. We can 

connect an oscilloscope to the output. The manufacturer’s specification for the TV ripple is < 25 VRMS 

at 1500 kV terminal voltage. We will check that this is performed (see Figure 9). 

 

Figure 9. TV ripple measurement. 

 

 

5.2 Long term stability 

It is also important that the TV should be stable over a long period of time. We can measure the long 

term stability be logging the TV readout on the generating voltmeter (GVM). The GVM contains a stator 

and a rotor part, and can be used to measure MV range DC voltages. The rotor periodically covers the 

stator, and thus the stator has incluence or not by the HV terminal. Thus the amplitude of the resulted 

AC voltage will be proportional to the DC of the terminal voltage. The manufacturer has calibrated the 

GVM, we will only the this calibrated GVM to measure the stability. The GVM output can be connected 

to a µV sensitive multimeter, that we can log with a PC. The specification is ± 200 V / hour over 4 hours 

at 1500 kV. Since time is such a loing measurement, we will start this for the night, and save the data 

the next morning. This is possible because the manufacturer has allowed the machine to be run at 

unattended mode, due to its very efficient interlock system and computer control. An earlier typical data 

can be seen on Figure 10. 

 



10 
 

 

Figure 10. Terminal voltage long term stability.  

 

 

6. Accelerator energy calibration using Al(p,)Si nuclear reaction 

 

One of the most important parameter of a nuclear accelerator is the ion beam energy, and its variation 

(spread). These values can be determined by nuclear reactions, particularly those exhibiting well known, 

narrow resonances. Such a nuclear reaction is the 27Al(p,)28Si reaction, which has several resonances. 

The strongest resonance is observed at Ep = 992 keV proton energy. We will use this resonance. The 

resulted nucleus 28Si is in excited state after the reaction, thus we can measure the gamma emissions.  

The Tandetron accelerator, as its name suggests, uses the tandem principle of operation. Thus the ion 

sources are on ground potential outside the pressure vessel on the low energy side of the machine, and 

produce negative ions. The high voltage terminal accelerates the negative ions to the terminal, hence the 

negative ions will have 1xTV energy. In our case the nominal voltage is 2 MV, and the maximum 

achievable conditioning voltage is 2.2 MV. Inside the terminal there is no acceleration, but there is a 

narrow and long stripper canal, which is filled with Argon gas at approx. 10-2 mbar pressure. When the 

negatiove ions collide with the Argon atoms, they typically use some of their electrons, and with high 

effieiency they change their polarity to positive ions. (If they lose only 1 electron they become neutral, 

thus there is no further acceleration.) In case of H- ions, they would lose both of their electrons, and 

become H+, i.e. a single proton. Beavier ions can gain higher charge states too, e.g. C3+, Si4+, etc. Thus 

the outgoing energy becomes (1+n)*TV, where n is the positive ion charge state. 

In order to measure the beam energy accurately, it is not enough to know the TV value, due to several 

different uncertainties. Furthermore, using this calibration process we can determine the beam energy 
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spread too. For more accurate beam energy determination, we can use the magnatic field value and the 

geometry of our analysing magnet.  

 

Resonances in the 27Al(p,)28Si reaction 

The accelerator energy calibration needs several different resonances, but we will use only one 

resonance, and determine the beam energy difference from the nominal value, and the beam energy 

spread. This reaction is a capture reaction, which is followed by a gamma emission. The capture shows 

a resonant cross section efficiency, if the bombarding energy matches the excitation level of the resulted 

nucleus levels. In our case the reaction levels are shown on Figure 11.  

 

Figure 11. The levels of the 27Al(p,)28Si reaction at the 992 keV excitation energy,  

and the decay scheme of the product nucleus.  

 

The Q-value of the reaction, i.e. the binding energy of the captured proton in the 28Si nucleus is 

11585 keV. One of the excited states of the 28Si nucleus is 12541 keV. Thus the 27Al(p,)28Si reaction 

shows resonance at the following proton energy: 

keVkeVkeVEp 992)1158512541(
27

28
  

where the 28/27 ratio is needed to convert from the centre of mass system to the lab system. Therefore, 

if we measure the gamma yield as a function of proton energy, we will observe a step at 992 keV. The 

position of the step might be different from the literature value, thus we can calibrate the beam energy 

near this value.  

The excited state will decay with high probability by two subsequent gamma emissions. First a 10762 

keV gamma photon will be emitted, when the 28Si nucleus gets into its first excited state. Then a 1779 

keV gamma photon will be emitted the the 28Si nucleus relaxes to its ground state. We will use both of 

these gamma photons to determine the position of the energy step.  

The relative yield of the reaction can be displayed as a function of the proton energy. A typical resonance 

curve is shown on Figure 12.  
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Figure 12. Expected shape of the 992 keV resonance yiend curve,  

and information can be gained from it.  

 

Several different information can be gained from the resonance curve. The position of the leading edge 

(i.e. the inflection point of the fitted error function) gives the resonance energy. Therefore this value 

compared to the literature value means the actual energy calibration. The width of the edge gives the 

beam energy spread. The width is typically calculated between 12% and 88%. This is feasible using this 

resonance, because the natural width of this resonance is really small (~eV negligible compared to the 

typical energy spread of the Tandetron, which is about 170 eV). At the old Van de Graaff accelerator 

the energy spread was usually measured to be around 1-1.5 keV. The total length of the resonance curve 

is the result of the target thickness. 

It is necessary to know the total beam charge that causes the gamma amission. We use a beam current 

integrator for this task. The number of reactions proportional to the yield of the 1779 keV line, or the 

10762 keV peak area. So, we will have to measure these values. 

 

Detection of the gamma rays 

The gamma photons are detected by a Canberra high purity germanium (HPGe) detector. The gamma 

rays produce a charge pulse in the detector crystal, which is amplified in the preamp, and spectroscopy 

amplifier, and analysed in an ACD and data acquisition computer. We use the ORTEC MAESTRO 

software for collecting the gamma spectra. The software is capable of calculating the linear background 

level, and substract this from the gross peak area.  

In order to determine the gamma lines, it is necessary to perform an energy calibration of the gamma 

spectra. This can be done using the most intense lab background line, and some radioactive sources can 

also be applied. 

Reakcióhozam a protonenergia függvényében
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7. Magnetic field measurement in the analysing magnet gap 

 

It is an interesting question whether the GVM has a linear response to the terminal voltage. Thus we can 

measure the magnetic field that is optimum for a given beam transmission. Then we can display the 

magnetic field (T) versus the nominal energy: TV*(1+n)+Vext, in case of protons n=1. We only have to 

consider that the ion source extraction voltage (Vext) is 30 kV.  
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