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TU/e 1. Motivation

Background

In recent years high-energy phenomena related to lightning are being 
discussed, either as cause or result of the discharge. Gamma-
radiation from atmospheric origin has been detected (TGFs). This 
phenomenon has been associated with heavy lightning during 
thunderstorms. However, the processes to accelerate electrons in
ambient air to the necessary energies are not well understood. We 
propose a controlled investigation of this phenomenon.
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TU/e 1. Motivation

Scientific interest:
Investigate the g-production related to long 
spark discharges

- Study on long laboratory produced sparks

- Conditions for g-production
- Energy production

- Underlying mechanisms

- Focusing to the streamer development
- Possible correlation with cosmic air shower
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TU/e 2. Experimental setup

0.7 m spark

12 stage 2MV Marx generator
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TU/e
Floor plan

2. Experimental setup

1.4·10-3 sr
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• LaBr3 scintillator with PMT

– 31 ns decay time (1/e)

– 0.5 mm Al cover + 0.05 mm Al 
cabinet window

– 1/e cutoff at 17 keV (NIST)

• Dig. oscilloscope for HV and 
PMT signal + laptop storage.
– 8 bit, max 2 Gs/s

• Calibration by 662 keV from 
137Cs.

2. Experimental setup
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3. Results and discussion

NaI(Tl) response on 137Cs source
– Photo / Compton = 1 / 2.55
– Background low
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3. Results and discussion
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• Vsurge � 1MV

– space limitations

• In 100%  of surges g’s seen

– about 75% Vmax

– Very occasionally after Vmax

– g’s related to leader formation

– burst of g’s up to or exceeding 
eVmax detected

3. Results and discussion
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Occasionally very energetic 
ones, exceeding eVmax

Overloaded

> 1140 keV

NaI(Tl) detector response

3. Results and discussion
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3. Results and discussion

LaBr3(Ce) response on 137Cs source
– Photo / Compton = 1 / 2.5
– Background low
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Very often multiple intense g-bursts detected (inverted)!

3. Results and discussion
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3. Results and discussion
LaBr3(Ce) detector response; Pb-electrodes
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Fitting of detector’s signal using 137Cs-pulse

LaBr3(Ce) detector response

3. Results and discussion
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Histogram of negative discharges with and without 1.5 mm 

Pb-absorber (1/e cutoff � 1.4 MeV)

3. Results and discussion
LaBr3(Ce) detector response; with and without absorber
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TU/e 3. Results and discussion

Experiments (in ambient air):

Still high-energetic photons are still detectable 
with with 1/e cutoff energy of � 1.4 MeV absorber.

When comparing the signal from the unshielded and the 
shielded detector. If one assumes that gammas are evenly 
distributed in space and energy over both detectors, and 
one assumes that only the high energies contribute to the 
signals, the ratio of the signals e-1.7 can be converted into a 
mass absorption coefficient µ. With the NIST tables, this µ
converts into an energy E of 200 keV.
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3. Results and discussion
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3. Results and discussion
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Energy per burst for positive (+) and negative (*) 

discharges, as a function of distance d between cabinet and 
spark gap 

3. Results and discussion
LaBr3(Ce) detector response; distance variation between spark gap and detector
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TU/e
Floor plan 2

Multi-angle measurement (2x LaBr3)

3. Results and discussion

1/e =17 keV
(cut-off energy)

1/e =94 keV
(cut-off energy)
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X-ray registered in wire-plate 
corona reactor.

No total breakdown needed!

Positive supply voltage:

65kV pulse + 20kV DCoffset

15/25ns rise/fall time

44keV

3. Results and discussion
Measurement on a wire-plate streamer corona reactor

Side wall (Al)
grounded

HV connection

Corona wires

CORONA REACTOR

X-ray pulse detected with
LaBr3 detector (inverted)
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TU/e 3. Results and discussion
Measurement on a wire-plate streamer corona reactor
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Cathode directed streamer

Time resolved side view ICCD pictures (7x5 cm) for voltage pulse;
110ns pulse width, 74kV pulse voltage, 2.7kV·ns-1

[G.J.J. Winands, J. Phys. D: Appl. Phys. 39 (2006) 3010 - 3017]
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• More intense g-burst with negative discharges (LaBr3). These 

intense g-burst can be ascribed to (unwanted) streamer formation 
on EMC-cabinet resulting in energies exceeding eVmax.

• Large signals obtained are a lower limit of the energy due to 
saturation.

• g’s likely originate near the anode during streamer formation.

• g-burst are pile-up of lower energetic quanta

• When comparing the signal from the unshielded and the shielded 
detector, energy E up to 200keV were determined using NIST 
data.

• No g-production during gap breakdown.

• Cosmic radiation as cause less probable because.
– low background count rate
– timing with the surge

4. Conclusions
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TU/e 5. Recommendations and outlook

• Investigation of difference in g-production for positive and 
negative surges � need for fast  current measurement!

• Focusing on long streamer discharges.

• Role of humidity should be investigated more.

• Better conditioning Marx generator voltage waveform 
needed.

• Direct detection of fast particles.

• Variable gas conditions (pressure and composition).

• Modeling work is needed.


