Introduction to the HXR measurements on GOLEM

and formulation of the Task 1 of GOMTRAIC

Typically, a fraction of electrons in tokamak plasmas is accelerated to very high velocities. We will discuss the mechanism of their acceleration later on. These electrons are usually called runaway electrons. If such electron hits a material surface (the limiter, the vacuum vessel of the tokamak), the high-energy photon(s) is generated in the hard X-ray (HXR) region of energies. 

On GOLEM, the HXR photons are registered by a scintillation detector. The scheme of the experiment is shown in Fig. 1
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We assume that the energy of the HXR photon equals to the energy of the runaway electron (a rough approximation for a moment). Therefore, the measured energy spectrum of HXR photons will correspond to the energy distribution of runaway electrons.

Aim of our experiments: Measure the energy distribution of HXR photons at several discharge conditions on the GOLEM tokamak (at different magnetic fields, different plasma currents, different pressure of the working gas, …..).

Preparatory work to be done before the real experiment

We have to learn at first how to process data from the HXR detector. As an example, we will analyze existing data from the discharge #7394, at which the HXR detector was operational.

Figure 2 shows the temporal evolution of selected basic parameters to characterize this discharge.
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As seen, the toroidal magnetic field, Bt starts at t = 0 ms. Its temporal evolution is of a sinusoidal shape with maximum ~ 0.3 T at the time t ~ 12.5 ms. The current through the primary winding of the GOLEM transformer is applied at the same time as for the toroidal magnetic field, i.e. at t = 0 ms. The loop voltage is generated in the tokamak vessel filled with the working gas (hydrogen) of pressure p = ~10 mPa. When the loop voltage (the toroidal electric field) is sufficiently high, the plasma is formed in the vessel. In this particular case, the breakdown of the working gas occurs at t ~ 2.2 ms, when the loop voltage is around 7 V. Then, the loop voltage drops to~ 5 V and then increases 8 bolts until t ~10 ms (end of the discharge). After the breakdown, the plasma current (the bottom panel) increases and reaches a maximum ~ 1.4 kA at about t ~ 5 ms.
The temporal evolution of the output signal from the HXR detector is shown for the same discharge is plotted in Fig. 3.
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It is seen that the output signal is spiky and consists of individual peaks. We are interested in positive peaks, because the negative ones represent a property of the detector and will not be taken into account. Each peak is the record of a single HXR photon. Its amplitude is proportional to the photon energy. In this particular case, the detector was calibrated as follows:






Energy [keV] = amplitude [V]* 492 

Consequently, the highest peaks are photon with energy 250 keV.

We need to extract from the signal the following information:

1. The amplitude of each peak and the time, when it is registered

2. The width of each peak (I explain later why it is important)

Having these data in a table, we can calculate the energy spectrum and the total number of registered photons.

Lenka Kocmanova from the GOLEM team has developed software, based on MATLAB, which is doing this job. The result of counting is shown in the left panel of Fig, 4. 
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The blue symbols connected with the line represent the temporal evolution of the detector signal. The red symbols indicate the position and the amplitude of individual peaks found by the MATLB code. We conclude a very good agreement of the red symbols with the peaks – a great majority of them is clearly recognized. For a better insight, we zoom the plot in right panel.

TASK 1:

You are encouraged to do the same job with the software available at your computer. At first, however, please try to plot the temporal evolution of the HXR signal from the files attached.

Our final result of data processing should be the energy spectrum of the HXR photons. An example the spectrum with the energy resolution E = 20 keV is shown in the last figure for the shot #7394.
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