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Neutron counting in
high intensity Laser
environment
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Ambient electromagnetic energy recovery (development of a rectifier
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The first most significant achievement of my scientific career would be
the successful creation, characterization and experimental
implementation of an efficient neutron counter in the context of high
intensity laser experiment.

The first main difficulty for such a detector is to be able to differentiate
neutron signal from all the other ones induced by a wide range of
particles, especially X-rays, produced during high intensity laser-matter
interaction, The second one is for the detector to sustain the massive
electromagnetic pulse generated during a laser shot. To tackle the
last, we decided to use plastic scintillator rods, each associated with a
pair of photomultiplier tubes (PMTs). To differentiate the neutrons from
the other signals, two techniques were used. The plastic scintillators
were boron loaded in order to use the exothermic neutron capture
reaction on '"B. The second technique was to use high density
polytethylene around the scintillators to thermalize the neutrons, This
thermalization allows to increase the neutron capture cross section
and hence the efficiency of the detector, and all detection event would
correspond to an energy equal to the Q-value of the exothermic
reaction. In addition, this thermalization process takes time and that
allows to separate in time the neutron detection from most of the noise
produced by other radiations or by the electromagnetic pulse.

The first step of this project was to use Geant4 simulations to optimize
the dimensions of the polyethylene parts to increase the efficiency
according to the expected neutron energies during the experiment. A
prototype was also tested in real experimental conditions to ensure the
possibility to use the scintillator/PMTs couple.

Al the part of this detector array were constructed at ELI-NP. The next
step would have been to characterize the detector response using a
neutron source but due to COVID restrictions, it was impossible for me
to come in Romania to do this before the LULI2000 experiment and
this characterization actually took place after. It was done using a
plutonium-beryllium source and the results were published in Review
of Scientific instruments.

The first experiment using this detector took place at LULI2000 and
the goal was to measure neutron yields from the >V(p,n)*'Cr reaction.
Two laser beams were used during this experiment. A 60 J picosecond
pulse focused on a 23 ym plastic target was accelerating a proton
beam with a classical TNSA spectrum and an energy cutoff we could
vary. This protons were sent onlo a natural vanadium target where the
(p.n) reactions were taking place. A second 100 to 600 J nanosecond
pulse was used during part of the shots to set the vanadium secondary
target in a plasma state.

The signal produced by the PMTs were much more affected during
this experiment than during the prototype testing. The data processing
was then much more complicated than one could have expected and a
thorough procedure had to be developed to ensure the quality of the
event-by-event counting. After a deep analysis of the waveform



Reverse Compton
gamma beam from
multi-GeV electron
beam

Experimental
measurement of
%Ge(a,n)’*"Se
cross-section for
plasma diagnostics

recorded during comparable shots, | have been able to retrieve some
number of neutrons produced in the solid vanadium target that are
consistent with the measured cross-sections by other experimental
teams. This proved the possibility to use such a method in a laser-
driven environment. For the plasma case, a yet unexplained decrease
has been observed and more study would be needed to understand
the reason of this decrease.

Another meaningful achievement was obtained during part of the
commissioning campaign of E6 10 PW long focal area. After an
important work we did to commission the experimental area and
accelerate an electron beam to several GeVs using laser wakefield
acceleration, we set a plasma mirror right after the gas slit jet to sent
back the laser pulse onto the electrons it just accelerated. Doing so,
through non-linear reverse Compton process, a gamma beam with a
synchrotron type spectrum with critical energy of several hundreds of
MeV was produced. Such beam is extremely difficult to characterize
since it contains gammas with energies up to several GeVs in a bunch
with a duration in the range of tens of fs. To retrieve the desired
gamma spectra, we used pixelated scintillator stacks monitored by
various cameras from above. After some characterization of the stack,
Geantd4 simulations and unfolding procedures, we were able to prove
the production of laser-driven gamma rays with unprecedented energy.
This works paves the way to QED investigalion since the non-linear
reverse Compton process which took place during this experiment is at
the limit of a regime where quantum effects become dominant.

The last recent noticeable achievement is the successful happening of
an experiment taking place at the 3MV TANDETRON of IFIN-HH for
which | was the spokesperson. The isomeric state of the Se has a
3.9 min half-live and decay emitting a 95.7 keV gamma 9.54 % of the
time. Those properties make it a promising material candidate for an
activation diagnostic to measure the alpha losses in a deuterium-
tritium fusion plasma. However, no experimental cross-section exists
for this reaction. A previous experiment hinted lo the fact that the
theoretical TALYS cross-sections for the complete '“Ge(a,n)®Se
reaction are underestimated by approximalely an order of magnitude.
In consequence, we decided to measure the cross-section to the
isomeric state to additionally measure the isomeric ratio. To do so, we
decided to directly measure the 95.7 keV line from the decay of the
isomeric state. Analysis is at its early stage but it already seems that
the isomeric ratio calcuiated by TALYS is overestimated by even more
than an order of magnitude. Despite this unexpected result compared
to theory, we have been able to retrieve cross-sections for 6.5 to 9
MeV a particles.
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ANNEX 1
MINIMAL STANDARDS APPLICABLE AT IFIN-HH
for being awarded the professional ranks of
First Stage Researcher {Research Scientist - C5) and
Recognised Researcher (3rd rank Research Scientist - CS 1L}

Approved in the meeting of IFIN-HH Scientific Counal of 27.02.2025 {SC Decision No.
5/27.02.2025)

Minimal Standards {at IFIN-HH])
1) IFIN-HH shall establish threshold scores {Piheshota} 3ccording to the table below.

First Stage Researcher (CS) |Recognised Researcher (CSIIN)

plhreshold 0.50 1.50

2) During the evaluation of the candidate’s scientific activity, the score P is determined in the following
manner:

P=P,+P;, where

Py : for articles where the candidate is an author, but not a first author or a corresponding author: Py =
PR, ai/"f’

P, : for articles where the candidate is a first author or a corresponding author: P, = ¥; q;

g; = is the absolute Article influence score of Lhe scientific journal where article i was published,
according to its year of publication as per for articles published until 2006
and Journal Citation Report {Web of Science) starting from 2007; if the publishing year cannot be not
found in the database, the closest year shall be chosen.

ef
t

n;’ = is the actual number of authors of item i and is determined as follows:

ni ifni 5

(n: + 5)/2 ifS<n <15
(ni+15)/3 |if15<m <75
(n;+45)/4 | ifn>75

where n; is typically the number of authors of item i. In the case of HEPP {High Energy Particle Physics)
publications with a large number of authors, if the article is based on an internal note of the

collaboration and the candidate is a co-author of this internal note, then nff can be given by the
number of authors in the internal note.

The capacity as first author or corresponding author shall be determined based on the mentionsin the
article. Articles where authors are indicated in the alphabetical order of their name and the candidate
is a first author exclusively due to their name and the alphabetical order shall not be taken into
account. In the case of HEPP publications with a large number of authors, if the article is based on an
internal note whose approval for sending to publication was upheld by the author, then the author is
considered first author.



Minimal Standards Self-Assessment Form:

Category of Articles " Position in the

Nature Physics, 2021, 17(10), 1177-1182,

Calculation Details

AlS=9.983, no of authors:22, ef no:12.33

Matter ond Radiation at Extremes, 2021, 6(6)

AlS=1.607, no of authors:48, ef no:21

Astronomy & Astrophysics, 2022, 665, A87
AlIS=1.681, no of authors:19, ef no:11.33

Scientific Reports, 2022, 12{1), 19767
Al5=1.132, no of authors:6, ef no:5.5

Matter and Radiation ot Extremes, 2022, 7(1})
AlS=1.425, no of authors:22, ef no:12.33

Physica Scripto, 2025, 100(7), 075301
AlS=0.353, no of authors:36, ef no:17

Physical Review C, 2025, 112(2), 024327

Al1S=0.630, no of authors:44, ef no:19.66

Physical Review C, 2025, 112(4}, 044613
Al5=0.630, no of authors:33, ef no:16

Nucl. Instr. Meth. A, 2025,171229
AlS=0.630, no of authors:29, ef no:14.66

Journal of Instrumentation, 2020, 15(04),

Review of Scientific Instruments, 2021, 92{11)

Physica Scripta, 2025, 100(8), 085307

‘ | List of Papers —
[ | 12 0.810
|
3 0.077
i_. ——
i1 | 0.148
Articles in I1SI Thomson a 0.206
Reuters ranked journals and
in 1Sl Proceedings indexed
I volumes for which the 12 0.116
| candidate is not a first |
auth r a correspondi |
uthor or a corresponding 77 | 0021
author 1
23 0.032
23 0.039 |
16 0.043
Articles in ISI Thomson 1 0.401 PO4002
Reuters ranked journals and
in ISl Proceedings indexed
volumes for which the i 0.500
candidate is a first author i
or a corresponding author 1 | 0.353
TOTAL 2./46
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