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Abstract

Theoretical consideration of the possible kinematics for neutron / alpha particles emission
phenomena's are necessary in understanding the physical behavior concern the thermonuclear
fusion reaction. Our study concentrate on the calculation of the fusion products energies for
the D-T fusion reaction ,since these materials represent the essential fuels in almost fusion
power devises like Tokomak, dense plasma focus,....etc. it seen that there exist a good
agreement between our calculations and the standard theoretical and experiment. And for this
case, one can depend our model for the calculations of these physical parameters.

Key words : DT reaction, fusion products, neutron emission, alpha particles kinematics,
bombarding angles.
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INTRODUCTION

Fusion energy is a potential source for power production in the mid- to late-21st Century.
The fusion reaction occurs within plasma composed of light nuclei. A commercial fusion
power facility would likely use either magnetic or inertial means to confine the plasma and
facilitate the fusion process. The fusion confinement method influences the radiation types
and fuel materials that must be controlled by the health physicist.[1]
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Nuclear fusion is the process by which the stars exist. Our own sun is a prime example of
natural nuclear fusion. Artificially induced nuclear fusion usually involves the fusion of
deuterium and tritium nuclei. These are simply isotopes of hydrogen and are available in
everyday water supplies. The reason for the use of deuterium and tritium rather than hydrogen
is that it is easier to fuse nuclei which are neutron rich; as the charge density is reduced by the
presence of the additional neutron. That is to say that the density of the isotopes is so great
that the attractive force due to gravity overcomes the coulomb repulsion between the isotopes.
Thermonuclear fusion is the term applied to the process of combining two nuclei together.
This process is useful because it is a method of releasing usable energy in an environmentally
friendly way. The energy released in this process has the potential to fulfill mankind's ever
growing requirements [2, 3].
The most important interactions that are subject to hydrogen isotopes are the following
reactions.[4]

2H + 2H — 3H(1.011MeV) + 1H(3.022MeV)

2H + 2H — 2He(0.820MeV) + n(2.499MeV)
3H + 2H - “He(3.561MeV) + 1n(14.09MeV)

2H + 3He — %He(3.6MeV) + 1H(14.7MeV)

The D-T reaction has the highest reaction cross-section, so it is preferable on the rest of the
interactions. And it is the easiest because the extra neutrons on the nuclei of the deuterium
and tritium increase their size and thus the probability of a fusion reaction. They also each
have the smallest possible positive charge (since hydrogen has only one proton), making it
relatively easy to have the two nuclei overcome their repulsion and fuse together.[5]

D-T Reaction

This reaction is the most energetic of the reactions capable to produce monoenergetic

neutrons. It is especially useful with low energy deuteron accelerators, since, from cross
sections considerations, it would be expected that at 150 keV incident deuteron energy, the
output to be about 300 times greater than that from the D-D reaction. The very high Q-value
of the reaction, 17.586 MeV, makes possible also the production of neutron with energies up
to 30 MeV.[6]
The thermonuclear fusion process involves neutrons in almost all reactions, and therefore the
neutrons play a key role. The most important in a fusion reactor is to carry the energy out
from the burning fuel to the outside of the plasma vessel. The neutrons carry 4/5 of the fusion
energy of the D-T fusion reactions and they can also be used to extract information about the
reactants if properly measured.[7]
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Kinematics

To understudy the physical for any nuclear reaction. Consider the following two-body
reaction, in the following figure. Initially nucleon (1)of mass (m;) is incident on nucleon( 2)
of mass (mz) which is at rest in the lab system; after the interaction only nucleons( 3) of
mass (mz) and( 4) of mass (m4) emerge.

1y

The general expression for the energy of nucleon (3) in the lab system can be written in the
form.[8]
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Where E,is the energy of nucleon 1 in the lab system, @ is the lab angle made by the velocity

vector of nucleon 3 with the beam direction, the mi’s are the respective nucleon masses, and
the Q of the reaction is defined customarily as Q=

For the case of the reaction D+T —>un+ zHE equation (1) yields for the neutron energy.[9]

E,(E,, #,) = 0.08E, cos 2#, + 0.8(0.6E, + 17.6) + 0.8 cos ,+/ 0.4E, (0.6E, + 17.6)
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Where Q = 17.6 MeV of D-T reaction. And equation (1) yields for the alpha particle energy.

Vol: 10 No: 4, October 2014 93 ISSN: 2222-8373



DIYALA JOURNAL FOR PURE SCIENCES,

Kinematics for fusion products energies characterized to D-T
fusion reaction
Dr. Raad Hammed Rownag Qais

E,(E, ®,) = 0.32E, cos2®, + 0.2(0.6E, + 17.6) + 0.8 cos #,+/0.025E, (0.6E, + 17.6)

_ ||1 8E, sin*¢, ;
; .q| S(06E, +17.6) e

In the Lab frame of reference, the relation between neutron and associated a-particle from a
given D-T encounter are to be found. Equation (4), relates,,, the angle made by the the a-
particle with beam direction, to,,, that made by the neutron and the beam direction, and this
relation is described as in picturly as follow.[8]
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Where, 1= mass of incident particle, 111,= mass of target particle, #m1,,= mass of neutron,
m, = mass of alpha, E = incident energy.

Calculation and Discussion

Result describes the variation of neutron energies produce by the D-T fusion reaction are
completely tabulated in table (1), and picturly in fig.(1). It is observed there exist an
agreement between our calculated neutron energies with the standard theoretical value
(E,,=14.1 MeV), specially at angles approach (90?),and this case can be explained as there is
no scattering from the beams or bombarding beams energy, but we are clearly observed a shift
at others bombarding angles. Result involved the alpha particles energies produce by D-T
fusion reaction are tabulated in table (2), and picturly describe in fig.(2),previously explained
we observed that we calculate value about (E, = 3.5 Mel’) ,at bamberding angle (907)

which gives a logical explanation that there is no scatterning or losses in the fusion reactant
nuclear . the relation between the angle made by the neutron and associated alpha particles
with incident deuteron beam line, are tabulated in table (3) and described picturly in fig.(3).
Finally we concluded that it is useful to depend our physical kinematics for describing others
important, parameter deal with D-T fusion reaction

References

[1]. Bevelacqua, J.J., Contemporary Health Physics: Problems and Solutions, John
Wiley and Sons, Inc., New York (1995).

[2]. J.N. Bahcall, How the Sun Shines, Nobele-museum, (2000), http://www.nobel.se

[3]. H.A. Bethe, Energy Production in Stars, Phys. Rev., (1939), p493-456.

[4]. Young and Freedman, “University Physics with Modern Physics”, 11th Edition,
Pearson Addison Wesley, Chapter 43,( 2006).

[5]. A. Peres, J. Applied Physics 50, 9 (1979) 569.

[6]. T. R. FEWELL, “An Evaluation of the Alpha Counting Technique for
Determining 14-MeV Neutron Yields”, Nuclear Instruments and Methods, 61, 61 -
71, (1968).

[7]. G. F. Knoll, Radiation Detection and Measurement, 3rd edition, Wiley, New
York, (1999) , ISBN 0-471-07338-5.

[8] .Y. W."Modeling the tagged neutron technique for the identification of
Unexploded Ordnance”. , (2010) , Stony Brook University

[9]. Benveniste, J., & Zenger, J., (1954). “Information on the Neutrons Produced in the
H3(d, n) He*Reaction”. Report of Atomic Energy Commission, United States.

Vol: 10 No: 4, October 2014 95 ISSN: 2222-8373


http://www.nobel.se/

DIYALA JOURNAL FOR PURE SCIENCES

Kinematics for fusion products energies characterized to D-T
fusion reaction
Dr. Raad Hammed Rownag Qais

Table 1: Neutron Energy Vs Lab Angle for Deuteron Bombarding EnergyE , .

E0=0.1MeV
En MeV

14.79768
14.76594
14.71426
14.6444
14.55874
14.46012
14.35178
14.23721
14.12
100 14.00376
110 13.89196
120 13.78788
130 13.69448
140 13.61438
150 13.54974
160 13.50232
170 13.47336
180 13.46362

On
(lab)°

E0=0.2MeV
En MeV

15.12905
15.08326
15.00878
14.90827
14.78528
14.64405
14.48936
14.32627
14.16
13.99565
13.83813
13.69195
13.56117
13.44929
13.35922
13.29325
13.25302
13.2395

E0=0.3MeV
En MeV

15.39732
15.34035
15.24778
15.12302
14.97059
14.7959
14.60498
14.4042
14.2
13.9987
13.80625
13.6281
13.46908
13.33332
13.22422
13.14442
13.09579
13.07945

E0=0.4MeV
En MeV En MeV

1563309 |[15.8482 |
1556643 ][15.77279 |
1545819 ][15.65042 |
1531246 | 1548582 |
15.13466__][15.28523 |
1493123 ][15.05604 |
147093 ][14.80643 |
1447638 |[14.5449 |
14.00748__][14.01002 |
13.78567__][13.77229 |
1358077 |[13.54396 |
13.39822__][13.34088 |
1324265 ]| 13.16808 |
1311781 _][13.02058 |
13.02659 ][ 12.92849 |
12.97105_ ][12.86698 |
12.0524 | 1284633 |

E0=0.5MeV

10
20
30
40

0

0

PEPEELET ]
LT
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Table 2: Alpha Energy Vs Lab Angle for Deuteron Bombarding EnergyE .

(lab)° E_MeV E MeV E MeV E MeV E MeV
[0 ]390019  J4.084252 ] 4236274 | 4371799 | 4.496836 |
(10 ] '3.804585 Jl4.076012 | 4.20588 ] 4.359497 ] 4.482781 |
(20 ] 3.877944 ]l4.051553 | 4.195032 ] 4.322001 ] 4.441079 |
3 4011639 | 4.144707 ] 4.263454 | 4.373087 ]

0
0
(30 ] 3.85078
0 3.957517 | 4.076496 ] 4.182786 | 4.280907 ]
0
0

(40 ] 3.81393 .

(50 ]3.768525  ][3.890862 | 3.992527 ] 4.083527 ] 4.167733 |
(60 ] 3.715052  ][3.813723 | 3.895307 ] 3.968761 ] 4.036829 |
7 3.728452 ] 3.788071 | 3.841998 | 3.892206 |

(70 ]3.657813

3.505871 ][3.637633 | 3.673796 | 3.707067
|90 |53 3.544 3.556 3.568 358 |
|00 3468120 3450367 3438204 ]3.428933
|10 3406187 3350548 [3.323929 ]| 3.204002

3.167239 _][3.123171 |
3.052473 _][2.992267 |
2.953214 _][2.879003 |
2.872546_][2.786913 |
2.813009 ] 2.718921 |
2.776508__ | 2.677219 |

2.764201 2.663164

3.274277
3.197138
3.130483
3.076361
3.036447
3.011988
3.003748

3.216603
3.119473
3.035504
2.967293
2.916968
2.88612

2.875726

[120 ] 3.348048
3

1
1
1

(130 ][3.205475
(140 ]3.25007

1
1

0
0
0
(150 ]3.21322
0
0
0

5
(160 ](3.186056
(170 ] 3.169415
1180 | 3.16381
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Table 3: Angle between Alpha Particle and Incident Beam for Deuteron Bombarding
EnergyE .

E=0.2MeV | E=0.3MeV | E=0.4MeV

E=0.5MeV

$o(Lab)® | ¢o(Lab)® | ¢o(Lab)®

E=0.1MeV
$n(Llab)®| ¢q(Lab)®

[ Im | Jw Jmw |w |
[ weeo Jieoor Jiorer Juor Jiooes |
[owsrae Jisoor Jiseor Jusisr Jissm |
oo Joaesr JusrrJreror Jraosr |
[o w0 [isoae Jistar im0 Juoess |
[owss Jroios Jiooe i Jiies |
[ ise i Jisss Jioes Jioses |
o
[0 Ios» oo Joors Jonas Jouse |
[oTssor Jmow Jmom Juor [st |
[0 e Jon Jes Joor Jess |
[ e Jorm Jsoor Jsaio [soo |
[0 [ses Jwos Jsom Juoss Jieos |
G0 o —Jo —Jo o —Jo |

¢ (Lab)®
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T(D,n)He-4 Reaction
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Fig.1: Neutron energy from the reaction T (D, n) He as a function of observation angle in the
lab system. Eo is the energy in MeV of the incident deuteron.
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Alpha Angle (Degreg) in Lab system

180

Fig.2: Alpha energy from the reaction T (D, n) He as a function of observation angle in the

lab system. E, is the energy in MeV of the incident deuteron.
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Fig.3: Relation between the angles made by the neutron and associated alpha particle with
incident deuteron beam line. E , is the energy in MeV of the incident deuteron.
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