





EUR 3908 e

A SIMPLIFIED METHOD FOR KINEMATIC CALCULATIONS OF
NUCLEAR REACTIONS by J. WINTER and H. SCHMID

European Atomic Energy Community — EURATOM
Joint Nuclear Research Center — Geel Establishment (Belgium)

Central Bureau for Nuclear Measurements — CBNM
Brussels, July 1968 - 16 Pages - 2 Figures - FB 40

A simplified method of presentation of kinematic relationships in
nuclear reactions is given. It allows to obtain in a convenient way the energy
of the reaction products as a function of the angle of emission in the labora-
tory frame for nonrelativistic reactions. It has been shown that after the
introduction of normalized quantities the kinematics of all non-relativistic
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reactions may be calculated by means of only one equation. To facilitate
handling, this equation has been tabulated. In the single valued region
(0 € n < 1) the incremental step of the parameter 7 is 0.01 and the angle
© increases in steps of 5 deg. from 0 to 180 deg. In the double valued region
(7 > 1) tabulation of 7 is given only up to 7 = 2, the incremental steps being .
0.02 and 5 deg.

This report consists essentially of a reprint of a publication in “Nuclear
Instruments and Methods™ 59 (1968) 167-169, For the practical use, however, it
is supplemented by the above mentioned tables.

rcactions may be calculated by means of only one equation. To facilitate
handling, this equation has been tabulated. In the single valued region
(0 £ 7 £ 1) the incremental step of the parameter 7 is 0.01 and the angle
O increases in steps of 5 deg. from 0 to 180 deg. In the double valued region

(7 > 1) 1abulation of 7 is given only up to 7 = 2, the incremental steps being
0.02 and 5 deg.

This report consists essentially of a reprint of a publication in “Nuclear
Instruments and Methods” 59 (1968) 167-169. For the practical use, however, it
is supplemented by the above mentioned tables.



EUR 3908 e

EUROPEAN ATOMIC ENERGY COMMUNITY - EURATOM

A SIMPLIFIED METHOD FOR KINEMATIC CALCULATIONS
OF NUCLEAR REACTIONS

by
J. WINTER and H. SCHMID

1968

Joint Nuclear Research Center
Geel Establishment - Belgium

Central Bureau for Nuclear Measurements - CBNM







SUMMARY

A simplified method of presentation of kinematic relationships in
nuclear reactions is given. It allows to obtain in a convenient way the energy
of the reaction products as a function of the angle of emission in the labora-
tory frame for non-relativistic reactions. It has bheen shown that after the
introduction of normalized quantities the kinematics of all non-relativistic
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. A simplified method for kinematic calculations
of nuclear reactions *

The formulas describing the non-relativistic kinematics of nuclear reactions are
rather combersone. To facilitate handling they have been represented for some reactions in
form of tables and diagrams'®, The number of reactions and quantities of interest is
numerous and therefore also the number of diagrams. A very general representation was
proposed by Dickens ° but even there for each type of reaction, e.g. (p,p), (p,d) ... another
diagram must be used.

In this paper a general formula for all non-relativistic reactions is given in terms of
normalized quantities. The formula may be represented by one nomogram or one table, The
normalized quantities themselves are in simple relation to the physical quantities and can
be calculated easily.

We consider the following case: A projectile particle with mass m; and kinetic
energy E; collides with a target particle m, being at rest (E2 = 0) in the lab. (laboratory)
frame. Two particles of masses my and m, are produced. The reaction shortly written
1(2,3)4 will be calculated under the following assumptions: conservation of : energy, linear
momentumn and mass. From these follows for the absolute velocity |v's| and energy E’s of
particle 3 in the cv (center of mass) frame and for the velocity of the center of mass |vcw|

|U'3| = [{2mom,/(m3 M?)} (E; — Ew]"?;
E's = }{my |v'3|2 = (mg my/M?) (E; — Ey); (1a, b)
IUCMI =m |v1|/M (2)
With
my +me=mg + my =M**;
E,, = —QM/m; = |Q|M/m;for Q < 0
Q=E; + E,—E; " (3a, b)
The dynamical variables of a particle expressed in the cm frame will be distinguish-
ed by attaching primes to them, The following calculation is valid for particle 3. Inter-
changing the indices 3 and 4 yields the equations for particle 4. One ohserves that |v';| and
]vCM| are constant if E, is kept constant. As shown in fig. 1 the transition from the cm frame
to lab. frame is simply the vector addition of vey to v';. The shape of the resulting vector
diagram depends only on the ratio |vcu|/|vs|- It is therefore convenient to introduce the

kinematic parameter

3 = Ich|/|v'3|; 73° = {(my mg)/(mz my) } E1/(E; — Eu) (4a, b)

* Text also published in Nuclear Instruments and Methods 59 (1968) 167-169 by North-Holland
Publishing Co.

** Tn a non-relativistic calculation the conservation of energy and mass must be postulated separately.
Q must be introduced by means of the relativistic eq. Q = Amc® = (m; + m: — ms — m.)c’. The necessary
condition for non-relativistic calculation is Am < M.
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