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Abstract. The 16O(n,α)13C reaction was proposed to be measured at the neutron time-of-flight (n_TOF) facility
of CERN. To this purpose, a Double Frisch Grid Ionization Chamber (DFGIC) containing the oxygen atoms as
a component in the counting gas coupled with a switch device in order to prevent the charge collection from
the so-called γ-flash has been developed at Helmholtz-Zentrum Dresden-Rossendorf (HZDR), in Germany.
The first 16O(n, α)13C measurement without seeing the charge of the γ-flash at n_TOF has been performed in
November 2018. After the electronics did not suffer from the γ-flash any more, another huge charge collection
was discovered. Due to the high instantaneous flux at the n_TOF facility [1] the amount of that induced charge
from neutron induced background reactions was piling up so much that the recognition of 16O(n,α)13C reactions
from that background was very difficult. For that reason another 16O(n, α)13C measurement at the time-of-flight
facility nELBE at HZDR which has a low instantaneous flux [2], has been performed in April 2019. Both
measurements from n_TOF and nELBE will be presented here.

1 Introduction

The 16O(n, α)13C cross-section reaction measurement
plays an important role for nuclear technology, as pointed
out by the CIELO Collaboration [3]. Discrepancies up
to 30% in the measured and evaluated cross-section data
affect the prediction of keff for current and innovative re-
actors, the prediction of helium production in reactors,
and the calibration of reference neutron-source strength in
metrology measurements [4]. Another aspect of this reac-
tion is the importance in stellar nucleosynthesis processes
and its inverse 13C(α,n)16O reaction for the understanding
of the slow neutron capture process in Asymptotic Giant
Branch stars [5]. In order to investigate the experimen-
tally difficult accessible 13C(α, n)16O reaction, an indirect
method can be used by measuring the 16O(n,α)13C reac-
tion cross section and applying the time-reversal invari-
ance theorem.

For these reasons a significant technological effort has
been put in the development of a new detection system,
with the goal, to apply the experimental technique using
a gaseous target in an active volume, which is based on
the measurement from 2007 performed at Joint Research
Center in Geel, Belgium, in a Van de Graaff facility [6], to
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the neutron Time-of-flight facilities n_TOF and nELBE in
an energy range from 3 to 15MeV.

2 Experiment at n_TOF

In November 2017 the first test of a prototype DFGIC,
which has been produced at HZDR, has been performed
at n_TOF in the experimental area called EAR1 - with a
horizontal flight path of 185 m. There, the high energy
γ-flash produced in the spallation reactions which is con-
verted into charge particles by crossing the various layers
of materials (25µm thick titanium windows and 6µm thick
aluminized Mylar electrodes), creates such an amount of
charge that the preamplifier electronics are blinded. Al-
though the layers of matter in the beam of the new pro-
totype DFGIC were kept as minimal as possible, it was
clear that the saturation of the charge sensitive preampli-
fiers (CSP) due to the γ-flash makes a time-of-flight mea-
surement in the high-energy region impossible. Connect-
ing directly the detector signals to the acquisition system
without any preamplification, we measured also the di-
rect current induced by the γ-flash which is about three
orders of magnitude higher than for the one induced by
α-particles.
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The idea to solve this problem is to put a wideband
Switch between the detector and the CSP, in order to pre-
vent the charge collection while the γ-flash passes through
the DFGIC. After a series of tests with the Switch device
the final configuration for the measurement in November
2018 in EAR1, could be found. The setup, shown in Fig-
ure 1 a), consists of two DFGIC’s which have been con-
structed at HZDR. Each DFGIC consists of 5 electrodes
(2x Anode, 2x Grid and 1x Cathode). The electrode diam-
eter is 18cm. The Grid-Cathode and the Anode-Grid dis-
tance is 40mm and 5mm, respectively. The design of the
detector and the housing vessels for the final experiment
was based on the need to operate the detector at 3bars ab-
solute pressure, in order to maximize the areal density of
the sample and also to allow a sufficient stopping of α-
particles in the gas. The purpose for using two chambers,
with each containing two independent sensitive volumes,
is to reduce the statistical uncertainty for the 16O(n,α) re-
action measurement. In addition, one part of the DFGIC
contains 235U and is used to monitor the neutron flux.
All detector signals were digitized with waveform digi-
tizers (SPDevice, ADQ14, 14bit), recording each of the
10 detector signals coming from the two chambers, by a
digital data acquisition (DAQ), which is illustrated in Fig-
ure 1 b). The waveforms were recorded, with an acceler-
ator frequency of 0.8 Hz, up to 1 ms time window with a
sampling rate of 250MS/s.

Due to the high instantaneous neutron flux of the
facility the pile-up of neutron induced background reac-
tions induces charges in the DFGIC with up to two orders
of magnitude higher than one induced by α-particles.
In order to reduce neutron induced background both
chambers were operated with reduced pressure of 1.3 bar
and neutron filters (3cm thick lead and 8cm thick sulfur)
has been put in beam. Under this condition signals
from fission fragments (coming from the 235U containing
chamber part) which are depicted as an example in
Figure 1, could be analysed. Although also α-particles
from the decay of 235U could be identified, the disturbance
of the neutron induced background is still so large that
a proper analysis of the 16O(n, α) reactions in the fast
neutron region is not possible.

3 Experiment at nELBE

The main reason for performing the16O(n,α) reaction mea-
surement at nELBE is that the instantaneous flux of neu-
trons and photons is very low, which means that the ex-
pected background induced in the DFGIC per accelera-
tor period is low as well. The setup, illustrated in Fig-
ure 3, consists of two DFGIC and a separate fission ion-
ization chamber for monitoring the neutron flux1. The two
DFGIC’s are operated with different pressures - DFGIC#2
at 2.8 bar and DFGIC#1 at 1.5 bar. The latter one was
chosen in order to compare DFGIC#1 with the similar
pressure condition like at the n_TOF experiment, whereas
DFGIC#2 is used as main chamber.

1Due to safety reasons the 235U in DFGIC#2 has been removed.
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Figure 1. Experiment at n_TOF in EAR1 in November 2018.
The experimental setup in a) contains two DFGIC which are both
operated with 95% Kr + 5% CO2 at 1.3bar pressure. DFGIC#2
contains 235U and is used as a neutron flux monitor.
b) shows the digital DAQ which is used for each DFGIC. A logi-
cal accelerator pulse coming from the Proton Synchroton (PS) of
CERN triggers the waveform digitizer (WFD) and the switch.
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Figure 2. Signal traces from 235U containing part of DFGIC#2.
The γ-flash (dashed black lines) starts at 19 µs and has a total
width of 1µs. The switch let pass the signals, 3µs after the γ-flash
(grey colored line). The dashed grey line indicates the threshold
energy of the 16O(n,α) reaction at 27µs.

Because of the high accelerator frequency of 100 to
400kHz, the most challenging part at nELBE was the de-
velopment of a DAQ system. The DFGIC data analysis
requires, besides the amplitude information, also the time
information of the start and end of the signal edges [6].
For this purpose the storage of waveforms and analysing
the signal edges would be suited. However, the accelera-
tor frequency at nELBE and data rate are quite high that
usually a storage of waveforms is very difficult. On the
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The experimental setup in a) contains two DFGIC which are both
operated with 95% Kr + 5% CO2 at 1.3bar pressure. DFGIC#2
contains 235U and is used as a neutron flux monitor.
b) shows the digital DAQ which is used for each DFGIC. A logi-
cal accelerator pulse coming from the Proton Synchroton (PS) of
CERN triggers the waveform digitizer (WFD) and the switch.
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Figure 2. Signal traces from 235U containing part of DFGIC#2.
The γ-flash (dashed black lines) starts at 19 µs and has a total
width of 1µs. The switch let pass the signals, 3µs after the γ-flash
(grey colored line). The dashed grey line indicates the threshold
energy of the 16O(n,α) reaction at 27µs.

Because of the high accelerator frequency of 100 to
400kHz, the most challenging part at nELBE was the de-
velopment of a DAQ system. The DFGIC data analysis
requires, besides the amplitude information, also the time
information of the start and end of the signal edges [6].
For this purpose the storage of waveforms and analysing
the signal edges would be suited. However, the accelera-
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Figure 3. Experimental setup at nELBE in April 2019. The two
chambers DFGIC#1 (1.5bar) and DFGIC#2 (2.8bar) are operated
with 95% Kr+5% CO2. A separate uranium fission ionization
chamber (UFC [7]), operated with P10 (90% Ar+10% CH4) at
1.05 bar, is used to measure the neutron flux. For all ionization
chambers CSP’s2 with two signal outputs are used.

other hand, extracting all needed information from the sig-
nal edges is difficult to perform with an analogue DAQ.
Since it was in advance unclear which type of DAQ would
be the best, a complex data acquisition, shown in Figure 4,
consisting of both an analogue and digital branch, has been
developed.

At nELBE an analogue DAQ, like it is illustrated in
Figure 4 a) for the fission ionization chamber, is routinely
used. Both the time and energy information are measured
by the DAQ in list-mode. The time information is acquired
by a time to digital converter (TDC). The charge informa-
tion is recorded by a charge to digital converter (QDC).
The initializing and readout of the TDC- and QDC mod-
ules is done by a RIO3 power PC which communicated
via a VME BUS. The RIO3 is operated with the Multi-
branching System (MBS) which is developed at GSI [8].
The trigger logic of the experiment is implemented in a
FPGA module. For the determination of the timing of the
signals discriminator modules (CFD2) with Constant Frac-
tion (CF) and Leading Edge (LE) outputs are used.

2In-house development at HZDR
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ment.

The analogue DFGIC DAQ, shown in Figure 4 c), uses
in addition Timing Filter Amplifiers (TFA) in order to dif-
ferentiate the CSP signals to current-like signals. From the
time over threshold information of these TFA signals the
information from the signal edges are extracted. The digi-
tal DFGIC DAQ, illustrated in Figure 4 b), uses digitizers
(CAEN DT5730, 14bit) to record the waveforms of the 10
DFGIC detector signals with a time window of 3500 ns
and a sampling rate of 500 MS/s. Furthermore the time
stamp- and amplitude information extracted with the in-
ternal firmware of the digitizer were recorded. All the data
of the digital DFGIC DAQ is stored as ROOT trees [9].
In the final configuration 6 cm thick lead filters, attenuat-
ing the intensity of the γ-flash, in order to reduce the data
rate were used. This allowed for the first time at nELBE to
run an experiment with a fully working waveform record-
ing digital DAQ, at the maximum accelerator frequency of
400kHz.

For all types of DAQ’s the detector signals were in-
dependently triggered and correlated with the accelerator.
The MBS-list-mode data from the analogue DAQ are anal-
ysed with the software package Go4 [10]. Although the in-
ternal firmware of the digitizer and Go4 were a good tool
for performing an online analysis of the DFGIC signals
during the beam time, the informations from that CSP sig-
nal edges could not be extracted with sufficient precision.
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For this reason the main analysis has been focussed on the
stored waveforms of the digital DAQ. First step of the anal-
ysis is building the coincidence between Anode, Grid and
Cathode signal of the corresponding chamber part. Af-
terwards a waveform analysis, extracting amplitudes and
time stamps of signal start- and end from the edges of An-
ode and Cathode signal, has been performed. The last step
of analysis is the discrimination of (n, α) reactions from
background.

As an example to illustrate the different background
contributions a two dimensional Anode rise time versus
deposited particle energy spectrum is depicted in Figure 5.
The Anode rise time carries the information of the pro-
jected particle track inside the Grid-Cathode region. Due
to different stopping range behaviour of different particle
types, α-particles are distinguishable from proton- and γ-
flash events in a certain energy range. Protons were the
main source of the induced background and are mainly
produced as (n,p) reaction on the electrode material. Dur-
ing the experiment part of the electrodes has been changed
from 6µm thick aluminized Mylar to 25µm thick titanium.
Compared to the Mylar electrode the new titanium elec-
trode showed twice as much γ-flash background events
whereas the amount of proton induced events3 was re-
duced by a factor of 10. Reactions on the electrodes,
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(2.8bar) using titanium electrodes. The colored lines, depicted as
maximum particle rise times, are estimated from stopping ranges
calculated by SRIM [11]. Events below the dashed line are se-
lected for a rise time cut.

such as (n,p) reactions, can be discriminated and the num-
ber of oxygen atoms in an active volume can be defined
by a drift time information which corresponds to the ori-
gin3 of the particle track. This information can be deduced
from the start of the Cathode- and the end3 of the Anode
signal. A combination of drift- and rise time cut helps to
reject most of the background coming from protons and
γ-flash. The applied rise time cut is indicated in Figure 5.
For the drift time tD, events of one third of the active vol-
ume, 1

3 T Max
D ≤ tD ≤ 2

3 T Max
D , have been selected, where

T Max
D is the maximum electron drift time of about 1200ns.

In Figure 6 the drift- and rise time cut, applied on a two di-

3Here: particles emitted in forward direction to the beam, in the down
stream part of the DFGIC#2 are considered.

mensional time-of-flight versus deposited particle energy
spectrum, is shown. The time-of-flight is deduced from
the start time of the Cathode signal. The largest remain-
ing background contribution comes from the recoil of gas
atoms due to elastic scattering of neutrons with the 95%
Kr+5% CO2 gas mixture.
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deposited particle energy for the down stream part of DFGIC#2
(2.8 bar) using titanium electrodes. The colored lines are calcu-
lated from kinematics for different particle reactions.

4 Summary and Outlook

In order to perform the measurement of the 16O(n,α)13C
reaction cross-section at the n_TOF facility at CERN a
DFGIC containing a gaseous target has been constructed
at Helmholtz-Zentrum Dresden-Rossendorf. From the first
detector test in November 2017 in EAR1 the properties
of the γ-flash effecting the preamplifier could be charac-
terized. The results of that test lead to the development
of a switch device for gating the preamplifier electronics.
This allowed to perform the main experiment in Novem-
ber 2018 for the first time at n_TOF without any charge
induction from the γ-flash in the CSP. Without being not
blinded by the γ-flash any more the huge amount of neu-
tron induced background was discovered, which prevented
to identify (n,α) reactions.

For this reason another measurement at nELBE, where
the γ- and neutron induced background is much lower, has
been performed in April 2019. For the first time at nELBE
this measurement has been successfully performed with a
digital DAQ system. The data analysis is still ongoing, but
already reveals (n,α) reactions. Furthermore the neutron
induced background could be identified and disentangled.
From the measurement at nELBE it is clear that the largest
background contribution was resulting from the electrode
foils.

For the experiment at the n_TOF facility hydrogen
containing aluminized Mylar electrode-foils were used,
which were originally chosen to reduce the impact of the
γ-flash. In retrospect, it turned out that this Mylar foil was
the main source of the neutron induced background. For
future experiments, using the DFGIC, the choice of the
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In order to perform the measurement of the 16O(n,α)13C
reaction cross-section at the n_TOF facility at CERN a
DFGIC containing a gaseous target has been constructed
at Helmholtz-Zentrum Dresden-Rossendorf. From the first
detector test in November 2017 in EAR1 the properties
of the γ-flash effecting the preamplifier could be charac-
terized. The results of that test lead to the development
of a switch device for gating the preamplifier electronics.
This allowed to perform the main experiment in Novem-
ber 2018 for the first time at n_TOF without any charge
induction from the γ-flash in the CSP. Without being not
blinded by the γ-flash any more the huge amount of neu-
tron induced background was discovered, which prevented
to identify (n,α) reactions.

For this reason another measurement at nELBE, where
the γ- and neutron induced background is much lower, has
been performed in April 2019. For the first time at nELBE
this measurement has been successfully performed with a
digital DAQ system. The data analysis is still ongoing, but
already reveals (n,α) reactions. Furthermore the neutron
induced background could be identified and disentangled.
From the measurement at nELBE it is clear that the largest
background contribution was resulting from the electrode
foils.

For the experiment at the n_TOF facility hydrogen
containing aluminized Mylar electrode-foils were used,
which were originally chosen to reduce the impact of the
γ-flash. In retrospect, it turned out that this Mylar foil was
the main source of the neutron induced background. For
future experiments, using the DFGIC, the choice of the

material layers has to be made very carefully. A redesign
of the electrode material of the current DFGIC is ongoing.
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