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INTERRELATION OF FUSION CROSS-SECTION, REACTION RATE, AND NEUTRON
PRODUCTION IN A D-D REACTION IN A PLASMA FOCUS DEVICE

This study presents an analysis of D-D thermonuclear fusion processes occurring in a plasma
focus device by examining the interrelation between fusion cross-section, reaction rate, nuclear
reaction time, and neutron production. The goal of the study is to clarify the mechanisms of
neutron production from the viewpoint of nuclear reaction kinetics governed by Coulomb barrier
penetration and quantum tunneling effects. The fusion cross-section and reaction rate were
calculated for deuteron energies in the range of 1-200 keV and compared with nuclear data
libraries EXFOR and ENDF. Neutrons produced as a result of the D-D fusion reaction were
detected using a silver activation foil detector. The corresponding effective deuterium ion energy
region of 25-100 keV for D-D fusion reaction, cross-section 103-102 barn, and a nuclear reaction
time of 20-80 ns were obtained. These results are consistent with experimentally observed
neutron pulse durations produced during the pinch phase. In this regime, the rate of nuclear
fusion reactions in deuterium increases by approximately one order of magnitude compared to
Maxwellian plasma, while the requirements for the magnetic confinement parameters of such
plasma are significantly reduced.

Keywords: D-D reaction, reaction time, Gamow factor, neutron production, fusion plasma,
reaction rate.
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Mnasmanbik POKyC KOHABIPFbICbIHAAFLI D-D peakumAcbiHAaFbl CUHTE34eNy KMMAChI,
peaKuma Xbl4aMOblfbl MEH HEUTPOHAAP reHepaunAckl apacbiHAarbl e3apa 6aiinaHbic

Byn KymbicTa nnasmasnblk GOKYC KOHAbIPFbICbIHAA Ky3ere acaTblH D—D Tepmoaaposbik
CUHTE3 MpOoLLeCTepi CUMHTE3 KMMAChl, PeakUMaA KblAAaMablFbl, A0P0bIK PEAKUMA YaKbITbl XaHe
HEMTPOH reHepaumACkl apacbiHAAfbl ©3apa BalnaHbIC HerisiHAe TanaaHab!. 3epTTeyaiH MakcaTbl
- KynloHAbIK TOCKAybl4aH 6Ty KaHe KBAHTTbIK TYHHE/IbAey aCep/iepiMeH aHbIKTaNaTblH AAPOSbIK,
PeaKUMA KUHETUKACHI TYPFbICbiIHAH HEUTPOHAAPAbIH, TY3iny MeXxaHW3MAEepiH alKbiHaay 60Abin
Tabbinagbl. D-D cWHTE3 peaKUuMACbIHbIH, KMMacbl MeH peakuusa KblAdamAablfbl AeNATPOH
SHeprmAacbiHbIH, 1-200 k3B apanbifbiHaa ecentenin, EXFOR kaHe ENDF agponbik aepektep
KOpAapbIMeH canbiCTbipbingpl. D-D cMHTE3 peakumachl HaTUKeciHAe nanaa 6onFaH HeUTpPoHAAP
KyMic dosibrasibl akTMBALMA/bIK [OETEKTOP KemerimeH Tipkengi. 3epTtey HaTtuxeciHae D-D
CUHTE3AeNy peakumachl YWiH TUIMAI AeATepUin MOHAAPbIHbIH 3HepPrua amarbl 25-80 KaB ekeHAjri
aHblIKTanapl. CuHTe3 Kmacsl 103-107 6apH apanbifbiHaa 601aabl, an AAPONbIK PEaKLMA YaKbITbl
20-80 HCc MaHAepiH Kabblngan, cbifblly ¢asacbiHAa 3KCNEPUMEHTTIK TipKeAreH HeWTPOH
UMNYNbCTEPIHIH,  Y3aKTbIFbIMEH COMKeC KeneTiHi KepceTinai. byn Kafganaa WMMNyAbCTi
TEepPMOAAPOAbIK  MAa3MacbiHAAfbl  CUHTE3  PEaKUMACBIHBbIH,  KblAdamablfbl  MaKcBennaik
NNa3mMamMeH CanbICTbipFfaHaa apTadbl XaHe Maa3MaHbl MarHUTTIK yCTan Typy napameTpaepiHe
KOWbINATbIH Ta/lanTap alTap/ibIKTai TOMEHAENTIHI aHbIKTanabl.

TyliH ce3aep: D-D peaKumackl, peakuma yakbiTbl, FamMoB GaKTOPbI, HEUTPOH reHepaumAcsI,
TEpPMOAAPObIK NAa3Ma, PeaKLMA KbINLAMIbIFbI.
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Interrelation of fusion cross-section, reaction rate, and neutron production in a D-D reaction...

.M. Mongabekos*, A.M. Kykewos, A.T. FTabaynnuHa, A.Y. AMpeHoBa
KasaxcKunit HaumoHanbHbIi yHUMBEpPCUTET MMeHM an-dapabu, AamaTbl, KasaxcTaH
*e-mail: zhan.moldabek@gmail.com

B3anmocBA3b ceyeHms CMHTE3a, CKOPOCTU peaKLMu U reHepaunm HelTpoHos B D-D
peaKkuum B N1asModOKYCHOM YCTPOUCTBE

B naHHOW paboTe npencTaBneH aHaAM3 TepPMOSAEepHbIx npoueccoB D-D  cuHTe3a,
NpoTeKaLWMX B Naa3ma GOKYCHOM YCTPOMCTBE, Ha OCHOBE MCCAeA0BaHMNA B3aUMOCBA3N MEXKIY
CeYeHMEM CMHTEe3a, CKOPOCTbIO peakumu, BPEMEHEM MPOTEKaHWA AOEPHOM peakuun u
reHepaumen HeMTPoHOB. Llenbto nccnenoBaHua ABAAETCA BbIACHEHNE MeXaHM3MOB 06pa3oBaHuMA
HENTPOHOB C TOYKM 3PEHUA KMHETUKM AAEPHbIX pPeakumii, onpeaeniemon NPOHMKHOBEHWEM
yepes KynoHoBCcKuiM bapbep 1 addeKTaMm KBaHTOBOrO TYHHENNMPOBaHMA. CeyeHune 1 cKopocTb D-
D peakuun cuHTE3a OblIM paccyMTaHbl B AManas3oHe 3sHepruit aenTtpoHoB 1-200 k3B u
COMNOCTaB/EHbI C AAEPHbIMU BUbAnoTekamm aaHHbIx EXFOR 1 ENDF. HelnTpoHbl, obpasytolumecs
B pe3ynbrate D-D peakuum cuHTE3a, PErmcTpuMpoBanmMcCb C MCMO/b3oBaHMEM cepebpAHOoro
aKTMBALMOHHOIO  GONIbIOBOro  AeTeKTopa. YCTaHOBAEHO, 4YTO 3ddeKTMBHAA  MOHHas
3HepreTnyeckasa obnactb ana D-D cuHTesa coctasnseT 25-80 k3B npu sHaueHmax ceyerma 1073-
102 6apH, a Bpema A4EpHON peakumuy HaxoauTca B AmanasoHe 20-80 HC, 4TO cornacyercsa C
3KCNepuMMeHTabHO HabAtoAaEMON ANUTENIbHOCTBIO HEWTPOHHbLIX WMMMYAbCOB B NMUHY dase.
loKa3aHo, YTO B JAaHHOM C/ly4ae CKOPOCTb TEPMOAAEPHbIX Peakuuin B AeNTepPUeBON Niasme
BO3PaCTaeT Mo CpaBHEHMIO ¢ MaKCBENNI0BCKOM Maa3moin, npu aTom TpeboBaHMA K NapameTpam

MarHUTHOrO yep*aHMA CyLECTBEHHO CHUMKAIOTCA.
Kniouesble cnosa: D-D peakums, Bpems peakumu, dakTop Famosa, reHepauma HeMTPOHOB,

TepMosaepHas naasma, CKOPoCTb peaKLmm.
Introduction

Nuclear fusion reactions occur when light nuclei
approximation each other sufficiently closely under
the action of nuclear forces. This process requires
overcoming the electrostatic Coulomb barrier that
produces mutual repulsion between positively
charged nuclei. During fusion, the mass defect is
converted into released energy, making fusion a
powerful source of thermonuclear energy [1, 2]. For
a typical nuclear radius of Rox~5-10" m, the
Coulomb barrier energy can be estimated as
Ev=0.28 Z,Z> MeV. However, due to the quantum
tunneling effect, fusion reactions may occur even at
particle energies lower than the barrier height [3]. For
hydrogen isotopes, the Coulomb barrier is
approximately 0.28 MeV. To overcome this barrier,
plasma particles must be accelerated to sufficiently
high velocities, providing the kinetic energy required
for close nuclear approach [4]. In plasma focus (PF)
reactors, the discharge chamber is filled with
deuterium or tritium gas [5-7]. When charged by a
high-voltage pulse, deuterium ions can be accelerated
up to velocities of 107-10% m/s. Collisions between
such high-energy ions increase the fusion reaction
cross-section, leading to energy release through light-
nuclei fusion processes, primarily the D-D and D-T
fusion reactions:
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D + T - n(14,1 MeV) + He*(3,5 MeV), (1)
D + He* - p(14,68 MeV) + He*(3,67 MeV), (2)
D + D - p(3,02 MeV) + T(1,01 MeV), (3)
D + D - n(2,45 MeV) + He3(0,817 MeV). (4)

The fusion reaction cross-section is defined by
the number of reactions occurring per unit time due to
the flux of incident particles interacting with target
nuclei and represents one of the fundamental
parameters characterizing fusion reactivity and
reaction rate. Now days important to study neutron
production in pulsed plasma phenomena for improve
the performance of D-D fusion reactions in plasma
focus devices. Understanding the relationship
between the dynamical behavior of particles and
neutron production from D-D fusion reactions
enables optimization of reactor parameters and
enhanced neutron yield [8-10].

Detection of D-D fusion reaction products and
practical applications represents one of the important
problem of modern experimental nuclear physics,
nuclear engineering and thermonuclear research.
Plasma focus device is experimental thermonuclear
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reactor which is capable of neutron production in the
range of 10°-10'2 neutrons per pulse, when filled
deuterium or deuterium-trittum gas mixture in
chambers [11-13]. Therefore, to study and
optimization of basic parameters of efficiency D-D
fusion reaction and increase neutron production, still
remain critical objectives in such experimental fusion
systems.

It is necessary to analysis to influence of
energetically parameters PF device, such as discharge
current, gas pressure, and charging voltage to
evaluation of the fusion cross-section, reaction time
and reaction rate in D-D fusion reactions. These
parameters significantly affect of collision particles in

Research Methodology

The nuclear reaction rate represents the number
of nuclear reactions that occur in a unit volume of
fusion plasma per unit time. For the D-D fusion
reaction, the reaction rate can be written in the
following form:

1
R(E) = 5o (E)O(E), 5)

where n, is the deuterium ion concentration, o(E) is
the energy-dependent fusion cross-section and 9(E)
represents the ion velocity. In the low-energy region
(0-200 keV), the fusion cross-section was
approximated using the Gamow factor. According to
the 0-Dimensional Phenomenological Fusion Rate
Model Based on Gamow Reactivity, the Gamow
cross-section ¢ represents the effective interaction
area of the reaction and characterizes the probability
of interaction between a pair of particles per unit
volume during a thermonuclear fusion process. For
D-D thermonuclear reactions, the Gamow fusion
cross-section can be written as follows:

S(E) <E6>1/2
E “P\"E)

where E is the kinetic energy of interacting particles
in the center-of-mass in the range (0:200) keV for D-
D reaction. E¢ is Gamow parameter. For the D-D
fusion reaction the astrophysical S-factor, given by
the following formula

o(E) =

(barn) (6)

S(E)=a, +E (a2 +E(as + E(ay + Eas))) .(7)

The constant parameters for the fusion cross-section:
E¢=31.3970 kaB'2, a1 =5.3701-10%, c,=3.3027-107,
a=1.2706-10"", a4 =2.9327-10, as=-2.5151-10".

thermonuclear plasma and efficiency of nuclear
reactions and neutron production [14, 15]. In dense
plasma focus device, the thermonuclear plasma
compression (pinch) phase occurs an extremely short
time interval, typically on the order of several tens of
nanoseconds. Therefore, as a first approximation, the
application of a zero-dimensional (0D) phenome-
nological model is justified for describing the fusion
process.

The purpose of this study is to determine the
optimal values of the key parameters influencing the
D-D fusion reaction rate and neutron production in a
plasma focus reactor in order to improve overall
fusion efficiency.

In a plasma focus device, the gas pressure related
to the nuclear reaction rate through the ion density.
Since the working gas becomes ionized during the
discharge process, the ion density during the
compression phase can be approximately n;~n = p
expressed as:

(8)

where Boltzmann constant £ = 1.38-102 joule /mole.
T is temperature in K. Therefore, taking into account
the variation of the working gas pressure in the
chamber, the nuclear reaction rate (1) equation can be
expressed by the following relation:
R ~ p?(00). €)]
An increase in the working gas pressure in the
chamber leads to a higher density of deuterium ions
in the plasma, thereby increasing the number of
particles participating in nuclear reactions. According
to the ideal gas law, the deuterium ion density is
directly proportional to pressure. Therefore, the D-D
fusion reaction rate increases approximately
following the scaling law R ~ n3 =~ p?. However,
excessively high pressure leads to reduce the ions
acceleration energy in the fusion plasma, which in
turn decreases the effective fusion cross-section.
Considering the expression presented above, an
increase in gas pressure leads to an increase in fusion
plasma density, while the ion temperature decreases
under fixed discharge energy conditions. This
reduction in temperature lowers the Gamow
tunneling probability. According to the Zero-
Dimensional Gamow-Based Scaling Model [16, 17]
the fusion reaction rate can therefore be expressed in
the following form:
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1
R(p) = pexp (—aP3); (10)
where a is the pressure-adapted parameter of the
Gamow exponential factor.

Eg

Eery’
where E.yis effective energy particles and exp(—op
represents the reduction of nuclear tunneling
probability with increasing pressure. The balance
between these competing effects indicates that the
neutron yield Y(p) ~ R(p) reaches a maximum at an
optimal gas pressure.

To register neutron particles produced because
of the D-D fusion reaction, a silver activation foil
detector (diameter 13.6 cm, cylindrical length 20 cm;
detection efficiency ~1.4-10) was used. In order to

a =

(11)

1/3)

Results and Discussion

Evaluation of neutron production and fusion
reaction rate necessary precise determination of the
deuteron energy-dependent total cross-section of the
D-D fusion reaction. In this work, the dependence of
the total D-D reaction cross-section on E ion energy
was calculated within the energy range of 1-200 keV
according to Eq.(2). The averaged cross-section of the
D-D fusion reaction is shown in Figure 1.

0,030

0,025+

0,020 4

E
£ 0,015 .
©
0,010+
0,005+
L] +  theory
0,000 ® Ref(1)
« Ref(2)
T T T T T T T T
0 25 50 75 100 125 150 175 200

E (keV)

Figure 1 — Total cross-section of the D-D reaction.
The calculated values (line) are compared with
nuclear EXFOR (Refl) and ENDF (Ref2) databases

The reaction cross sections used in the
calculation of the fusion reaction rate were adopted
from the EXFOR database [18], and the
recommended evaluated data were taken from the
ENDEF/B-VIIL.0 nuclear data library [19]. In the
E=25-80 keV range, theoretical and experimental
results agree well. In the E=100-150 keV interval,
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slow down fast neutrons generated during the fusion
process, the Geiger counter was surrounded by a
paraffin moderator. The activated silver foil detector
consisted of natural silver '’Ag 51.35 % and '“Ag
48.65 % containing the isotopes. The primary nuclear
reactions between neutrons and natural silver occur
through neutron capture processes.

Agt®7(n,y)Agto8(Tys = 142.9 5)
- Cd'°8 + 8~(97.2%), (12)

Ag'®?°(n,y)Ag''°(Tys = 24.6 5)
- Cd1° + £7(99.7%). (13)

The detector calibration was performed using a
standard Americium—241/Beryllium neutron source
with a neutron yield of 1.5:107 neutrons/s.

slight differences are observed, which can be
attributed to the energy dependence of the
astrophysical S-factor and experimental uncertainties
inherent in the various measurements.

For plasma focus device calculated o parameter
in the range E.;=20-80 keV, and equal a = 14-15. The
obtained constant value o ~ 14-15 is consistent with
nuclear fusion theory and previously reported D-D
reactivity studies. Since the parameter a is directly
related to the Gamow tunneling factor, its invariance
indicates that neutron production in plasma focus
devices is governed primarily by nuclear-scale
Coulomb barrier penetration rather than macroscopic
discharge parameters. Similar effective energy ranges
reported by Bosch and Hale (£.;y=30-100 keV o = 12-
18)[16, 20] and Nevins and Swain (£.;=30-100 keV,
0.~ 12-18) [18, 21] confirm that D-D fusion reactions
occur within a narrow Gamow window, leading to an
approximately constant tunneling parameter.

The fusion cross-section of the D-D reaction
remains extremely small at low ion energies due to
the presence of the Coulomb barrier, which
significantly limits the probability of nuclear
interaction. With increasing ion energy, the tunneling
probability through the Coulomb barrier rises rapidly,
leading to a pronounced growth in neutron yield that
is predominantly governed by nuclear -effects,
particularly the increase of the fusion reaction cross-
section. In this work, the application of
experimentally measured nuclear data from the
EXFOR database together with evaluated datasets
from the ENDF library enhances the accuracy and
reliability of fusion reaction rate calculations,
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ensuring a physically consistent interpretation of
neutron generation and nuclear processes occurring in
plasma focus devices.

In the fusion plasma, the reaction rate depends
on the number densities of deuterium (n; and 7,), the
reaction cross section (o), and the relative velocity (v)
because ions have distribution of velocities. In Figure
2 shown the D-D reaction rate over ion energy range
0-200 keV for 2-4 Torr deuterium gas pressure.
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-
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2,5x10" 4
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Figure 2 — Reaction rate of the D-D fusion process
as a function of deuteron energy at different filling
gas pressure

As shown in the figure, the D-D fusion reaction
rate increases monotonically with increasing deuteron
energy for all considered gas pressures. This behavior
is explained by the exponential dependence of the
fusion cross-section on the quantum tunneling
probability through the Coulomb barrier. An increase
in gas pressure from 2 to 4 Torr leads to a higher
deuterium ion density in the plasma, resulting in a
significant enhancement of the reaction rate over the
entire investigated energy range. From the viewpoint
of nuclear kinetics, this behavior is consistent with the
scaling relation R ~n3 ~ p? indicating that an
increase in particle concentration raises the frequency
of nuclear collisions. Furthermore, in the low-energy
region (£ < 30 keV), the reaction rate changes slowly
due to the low tunneling probability, whereas in the
50-200 keV range a rapid increase in reaction
intensity is observed. This indicates the formation of
an effective energy window for fusion, demonstrating
that neutron generation in plasma focus devices is
governed by coupled energy-density conditions
within the thermonuclear plasma.

Neutron production is one of the most important
indicators of D-D fusion reactions in plasma focus
device. Figure 3 shows the neutron emission as
function of charging voltage and gas pressure.

1,5%10°
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A —e— 16 kV
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0,0 r
0 8 10

Pressure (torr)

Figure 3 — The dependence of neutron production at
different gas pressure on D-D fusion reaction

As shown in Figure 3, the formation of a
maximum in neutron yield as a function of gas
pressure is associated with the exponential energy
dependence of the D-D fusion cross-section. This
dependence is governed by Gamow-type quantum
tunneling through the Coulomb barrier and, together
with the quadratic density scaling of plasma particles
predicted by nuclear reaction theory, determines the
neutron production behavior.

Neutron production in plasma focus devices
results from the relation between macroscopic
electrical discharge processes and microscopic
nuclear interactions. During the discharge, a high-
amplitude pulsed current I is formed, and due self-
generated magnetic field compresses the fusion
plasma to high density and temperature conditions
[22-24]. At this stage, strong electromagnetic fields
and fusion plasma instabilities influence accelerate
deuterons. The increase of ion energy enhances the
probability of quantum tunneling through the
Coulomb barrier, leading to an increase in the
effective cross-section of the D-D fusion reaction.

The neutron generation time during D-D fusion
reaction expressed as following:

(14)

Thus, an increasing the R reaction rate leads to a
reduction of neutron production time. This indicating
that, the D-D reaction in fusion plasma more
intensively occurs within a short time interval. This
result shows that neutron production increases
simultaneously with rising fusion plasma density and
ion energy. The experimental research work [25-27]
indicated that T, neutron production time corresponds
to fusion plasma compression Az, time interval (z,~
At,) during D-D fusion reactions. In plasma focus
devices, the neutron production time is determined
from the temporal width of the neutron pulse recorded
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by a fast neutron detector. The full width at half
maximum (FWHM) of the neutron signal
characterizes the effective duration of nuclear fusion
reactions occurring during the pinch phase and is
directly related to the fusion reaction rate in the
plasma.

Figure 4 shows experimentally results variation
of the average nuclear reaction time in the fusion
plasma column, as a function of deuterium gas
pressure in the discharge chamber and charging
voltage.

60

50

40

30

t(ns)

20

10

0

p (Torr)

Figure 4 — Variation of the nuclear reaction time in
the fusion plasma column

As shown in the Figure 5, the dependence of
nuclear reaction duration on gas pressure is defined
by variations in deuterium ion density and energy
exchange processes within the fusion plasma. An
increasing gas pressure, plasma density rises, and the
enhanced collision frequency promotes stronger
thermal energy redistribution, thereby extending the
lifetime of the effective fusion region. Moreover,
under higher pressure conditions, the dynamics of the
current sheath become slower, and the increased
stability of the pinch phase contributes to a longer
duration of nuclear reactions. Thus, the pressure-
dependent variation of reaction time reflects the
coupled interaction between fusion plasma
hydrodynamics and the nuclear kinetics of the D-D
fusion process.

When fusion plasma compression with magnetic
field, the radius of fusion plasma column decreases to
7, =0.5-0.8 cm. It is leading to an increase deuterium
ion density ng and nuclear collisions per unit time,
thereby  intensifying the  fusion  process.
Consequently, the fusion reaction rate R and neutron
production begins to rise. The variation of fusion
reaction rate dependence of fusion time and neutron
yield are shown in Figure 5.

The quantitative results presented in figure-5
clearly demonstrate that both the nuclear reaction rate
and neutron yield are directly dependent on the
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reaction duration. For example, in the 18 kV
operating regime, at a reaction time of t=15 ns, the
reaction rate reaches approximately 2.5-10% cm3s™! -
2.8:10%° cm™s!, with a corresponding neutron yield
of about 4107 n/discharge - 5-107 n/discharge. When
the reaction time increases from 40 ns to 45 ns, the
reaction rate decreases to approximately from
0.8:10%° cms™ to 0.6-10%° cm™s™!, while the neutron
yield correspondingly decrease nearly 1.5-107
n/discharge - 1-107 n/discharge. These results indicate
that during the short-lived pinch phase, the plasma
density and ion energy reach their maximum values,
significantly increasing the probability of nuclear
collisions and ensuring intense neutron generation.
Thus, the reduction of reaction time enhances fusion
efficiency and confirms that neutron production in
plasma focus devices occurs predominantly in a
highly reactive, short-duration nuclear burn regime.

3,0
18 kV
16 kV

254 1 14KV

2,04

Reaction rate (cm™s) x10"

0,54 . -

15 20 25 30 35 40 45 50
t (ns)

14 kV
, @ Milanese et al. 2023 (approx)
54 < 16 kV
i 7~ Kubes et al. 2017 (approx)
18 kV

Neutron yield( x10)

Figure 5 — Correlation between fusion reaction rate
(a) and neutron production (b) as a function of
nuclear reaction time in plasma focus discharges

Experimental and literature data [15, 18, 25]
further show that the Nanofocus device operates at
low pressure and short pinch duration, producing
neutron yields on the order of ~10° neutrons pulse,
which is consistent with the predicted t, region
obtained in the present experimental and modeling
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results. In addition, the work of Kubes et al. [28§]
reports neutron yields of approximately (0.8-5.3)-107
neutrons/ pulse for the PF-200 device. This
comparison demonstrates that, as predicted by the
analytical model, neutron yield increases with
decreasing pinch duration. The observed trend shows
qualitative agreement with experimental results
obtained in both the Nanofocus system (Milanese et

Conclusion

In this work, the nuclear-physical characteristics
of D-D thermonuclear fusion in a plasma focus device
were analyzed by correlating the fusion cross-section,
reaction rate, nuclear reaction time, and neutron
emission parameters using both numerical evaluation
and experimental observations. The calculated fusion
cross-section in the deuteron energy range of 1-200
keV reaches values of o(E)~103-10% barn and
compared with evaluated nuclear data libraries
EXFOR and ENDEF. Also, determined the fusion
reaction rate increases quadratically with density and
reaches values on the order of R~10'%-10'7 cm3s! in
the effective energy region 25-100 keV. The obtained
results demonstrate that the increase of ion energy
significantly enhances the fusion probability through
Coulomb barrier tunneling, thereby intensifying
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al.,) [29] and the PF-200 device (Kubes et al.,) [28].
In summary the experimentally observed
pressure maximum and voltage scaling are governed
by the energy dependence of the D-D fusion cross-
section through Gamow tunneling. The variation of
reaction time provides the effective nuclear
interaction time during which fusion reactions occur.

neutron production in the compressed fusion plasma
column.

The main scientific outcome of this study is the
establishment of a consistent relationship between
fusion reaction rate, neutron production time, and
neutron yield within a unified nuclear kinetics
framework. It is shown that an increase in reaction
rate corresponds to a reduction of the effective
nuclear reaction time, leading to the formation of
intense nanosecond neutron pulses experimentally
observed in plasma focus systems. These findings of
the work provide a nuclear-physics based
interpretation of neutron production optimization and
improving predictive models for thermonuclear
fusion systems, neutron sources which application for
advanced nuclear science and applied fusion
technologies.
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