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Gamma-ray spectrometry, comprisibgl(Tl) and BGO detectors, is a routine JET
diagnostic used for fast-ion amdparticle physics studies [1-3]. Measurements of fusion-
born a-particles in JET ‘trace tritium’ discharges showed that an agegrof the data
acquisition system (DAQ) is needed to improve the energy amubtahresolution of thg-
ray measurements in high performaddeanddt-discharges.

The JET DAQ system foy-ray measurements based on conventional ADCs has a
relatively low counting rate limit, about 50-kHz. This limitati@nlinked to dead-time losses
during the data collection, due to pulse height analysis (PHA) and pile-up effects.

To improve the counting rate characteristics, a DAQ systeplipiérg new signal
processing technique, has been developed in the loffe Institute [4iS]b#sed on a 2-
channels PCI transient recorder for digitising incoming sigha sampling rate of 25 MHz
with an amplitude resolution of 14-bit at maximum average pulselitéz. The module
provides 2 Gbytes of on-board memory, which covers the acquisitiondtimmeg the JET
discharge. This advanced DAQ contains fast ADCs, which dighisedntinuous detector
signal with a high sampling rate. The recorded data are pextéy a special code after the
discharge. The main advantages of the developed system aret kg aounting rates and
gain stabilisation that is crucial at the fast count-rate variatioissinttportant to note that the
DAQ system allows avoidance of the pile-up effects, which didteft-tay spectra, and may
cause a misinterpretation of the data.

Figure 1 illustrates the procedure for the data analysis.fif$testage is a pulse
calibration, which has to be done during the experiment preparatiogitseti single pulse
is used for parameterisation of the spectrometer output. Fomptingose the following

function is used:

U (V.1) = AV)[L- expl(t —t,) /7,]° exp((t ~t,) / 7,)..
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Fig.1 Signals recorded with the Nal(Tl) detector and
fitting results for the calibration and analysis.
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gain instability of theNal(TI) photo-multiplier

was found; the gain noticeably raised with )

counting rate at rather low HV. To avoid this
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Fig.2 Comparison of the y-ray spectra recorded (red)
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problem a novel algorlthm of the amplltu Cth radioactive sources (““Na, ~Co, °Y) at different

correction was developed. The correction

unting rates and restored spectra (blue). It is clearly
seen that severe distorted spectrum at 0.33-MHz rate
idS properly corrected by means of the digital
stabilisation procedure.

performed during the digital processing of

data. An efficiency of the gain correction procedure is shown in Fig.2.
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The developed DAQ was tested in beam experiments*nittions, accelerated to 3.5 MeV
in the loffe cyclotron. ThéBef,ny:)*°C nuclear reaction, used in JET for tbeparticle
diagnostic, has been chosen to produce an intensive source of the 4.4y-lslg/
Measurements were carried out witfNal(Tl) detector (8150x100 mm) which is similar to

the JET one. The counting rate was varied in the

1000 23, 4.438 MeV

range from 10 kHz to 1 MHz, changing the beam | 1275Vev SE |

current. As can be seen from Fig.3, the soo J 6x10" cps l

experiments have demonstrated that the gain of ]
< 2004
the spectrometer with this DAQ system is stableg
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and the energy resolution changes are rather lo&
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in the count-rate range up to 0.6 MHz. A countingz
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65%.
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This advanced DAQ has been installed in

T
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JET and connected to the JET Datanet. Now, it is ' Eznerg§/, Me‘{/

fully operational, collecting data from two
Fig.3 Spectra recorded by the Nal(Tl) detector with

SpectrometerS’NaKTl) and BGO. Gamma_ray developed DAQ ir] experiments on the loffe
Cyclotron (SE - single escape peak).

spectra can be recorded during a whole JET

discharge with any integration time from 1 ms. A variation ofythey emission detected by

Nal(Tl) spectrometer during the discharge with 20-MW NBI heatingrésented in Fig.4.

Fusion productsp (3 MeV), T (1 MeV), and*He (0.8 MeV) provide main contributions to

the y-ray emission due to nuclear

3 Nal(Tl) - spectrometer Pulse N0.65786
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§ ] An example of the y-ray
5 spectrum recorded by th&lal(Tl)-
g 2x10°1 detector with new DAQ system during
8 moa_- the JET discharge with tHé-minority

ICRF heating is shown in Fig.5. TRe

65 86 br e e 0 ray emission from two nuclear

reactions, *’C(p,p'p*?C, **c(d,p)*°C,
Fig.4 A time evolution of the y-ray emission recorded by the new DAQ R ;
with 10-ms integration time. have been observedThe inelastic

scattering of protons on carbon is a typical threshold reaction wakgs place in JET
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plasma with ICRF-heating tuned to

hydrogen. Excitation of the first
level of the nucleus’C, 4.44 MeV,
is energetically allowed for protons : “cdpyc
with  energies of 5 MeV.
Observation of y-rays de-exciting
this state is evidence for the
threshold crossing. In the case of the
reaction*?C(d,p))*°C, the deuterons

accelerated in JET with "® 0
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Fig.5 A gamma-ray spectrum recorded by the Nal(Tl) detector with

with the energies 3.09, 3.68 and 3.85 new DAQin the JET discharge with ICRF heating.

MeV. Observation of thg-rays de-exciting these levels requires necessarily deuteitims

energies exceeding the threshold energies of 0.5 MeV.

The development of the advanced DAQ system on JET has shown thagitine

limitation for further improving their counting rate capabilitiesth Nal(Tl) and BGO-

detectors is their scintillation times, 250 ns and 300 ns, respectividigre is a plan to

replace these detectors by fast heavy scintillaloars(Ce), known as "BriLanCe" (Sait-
Gobain Ceramics & Plastics, Inc.) ahd; gYo,SiO5(Ce)- "LYSO. These new developed
high-Z scintillators have a shot decay-time, 16 ns and 40 ns, and gidigjlof photons, 63
keV*' and 27 keV, respectively (e.gNal(Tl) scintillator - 38 keV}). Their outstanding

properties open the possibility both to extend the counting ratedewdnd the 5 MHz and

to improve the energy resolution fpray spectrometry in the range 2 - 30 MeV.
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