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Development of a prototype detection system to
investigate the fission mechanism of Fermium (Fm)

isotopes
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The development of a prototype detection unit for measuring fission events in-beam is currently underway:.
Measurements associated with fission events include fission-fragment mass distributions (FFMD), fission-
fragment angular distributions (FFAD), and total kinetic energy distribution (TKE). A systematic study of fission
of the Fermium isotopes, 244Fm to 256Fm is being undertaken to investigate the dynamics of fission in this mass

region.

Novel results from this systematic study are expected for this uncharted set of nucleus, which shows a unique

transitional asymmetric to symmetric fission mass distribution.

Keywords: FFMD, FFAD, TKE

I. Introduction

The synthesis and the study of heavy and super-
heavy elements are of considerable interest for the
nuclear physics community in recent years. Leading
laboratories around the world, involved in heavy
ion research are investigating various techniques to
populate and to study these exotic elements.

Intuitively, the simplest way to produce such a heavy
element is from the fusion of two heavy nuclei.
However, the dynamics of the formation of the
compound nucleus becomes very complex with the
heavy projectile and target system. In addition, the
Coulomb repulsion between the interacting nuclei is
substantially high. With modern accelerator facilities,
it is possible to bring the two heavy nuclei into
contact (by providing the kinetic energy to overcome
their Coulomb repulsion), but the resulting system is
unstable and elongates to a di-nucleus and separates
into two fragments instead of equilibrating to more
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stable compact shapes and subsequent fission [1].
The survivability of such heavier compound with
respect to the fission process is determined by the
fission barrier height, which completely depends on
nuclear shell characteristics in the heavier region. It is
well known that the reaction channels in the heavy ion
induced events are elastic and inelastic scatterings,
deep inelastic reactions, fusion and de-excitation of
a compound nucleus, fission, quasi-fission (QF), and
fast fission (FF).

A major problem in formation of heavy element is
the presence of non-equilibrium processes such
as FF [2, 3], QF [4-10] and pre-equilibrium fission
(PEF) [11, 12]. Experimentally, synthesis of heavier
elements is severely hindered by fission and fission-
like processes as discussed above [13, 14]. One of the
main contributions, which prevent the compound
nucleus process, is the presence of quasifission which
can be inferred from large angular anisotropies
[15] and/or wide mass distributions [8], which are
inconsistent with equilibrated fusion-fission results.
It is important to measure the above experimental
observable very accurately. Our work will be one of
the important approaches for the above purpose.

How to cite this article: P. K. Rath, S. Roy, H. M. Devraj, M. Gupta and Y. K. Gambhir, “Development of a prototype detection
system to investigate the fission mechanism of Fermium (Fm) isotopes”, Manipal J. Sci. Tech., vol.2(2), 16-19, 2017.

16 Manipal Journal of Science and Technology | December 2017 | Volume 2 | Issue 2

Published by Impressions@MAHE, 2017



Manipal Journal of Science and Technology, Vol. 2 [2017], Iss. 2, Art. 3

P K Rath et al: Development of a prototype detection system to investigate...

Il. Experimental technique

A. Experimental signature

In heavy ion induced reactions, a large number of
reaction channels are opened and various nuclei
are formed as reaction products. To investigate
on the binary reaction channel, the experimental
technique has to provide reliable identification of
reaction products [16]. However, to understand the
dynamics of heavy ion induced reactions much more
information is needed such as energies, emission
angles of formed fragments and of light particles
accompanying the reaction. As there are many
output reaction channels, it is necessary that the
contribution of each process to the reaction cross-
section be estimated in order to clarify the dynamics
of interaction between two heavy nuclei [17].

Experientially, there are many observables to
understand the reaction mechanism. Some of them
are the energies of two binary fragments (2E),
velocities of the fission fragments which leads to
the mass identification using the time of flight (TOF)
method, the velocity and energy of one fragment (V,
E), and the velocities and energies of two fragments.
Simultaneous
quantities needs special type of detection system.

measurement of all the above

The most exhaustive information on the
binary products comes from the energy and
velocity measurement. The use of conventional
semiconductor detectors is not very helpful due to
two main problems, low geometric efficiency and
low radiation hardness. For sensitive measurement,
a large-area position-sensitive
detector is required, but the detector cost is often
very high.

semi-conductor

The alternative solution is the position sensitive
ionization chambers, which are considerably easy
to manufacture. They are also very good for the
sensitivity to heavy ions and for endurance in high
radiation environment. In addition, they are scalable
to bigger dimensions and lead to better geometric
efficiency. The only issue for the gas-filled detector
systems is the scattering and energy loss of the
detected particles from the foils enclosing the gas
volume.

To overcome these shortcomings, we are developing
a unique detection system, which is a transmission
type detector, based on the mechanism of secondary
emission of electrons. With this system, the TOF of
the fission fragments can be measured with much
better accuracy than the conventional systems. The
details and the design of the system are as follows:

B. Detection system in details

A schematic of the detection system has been shown
in figure 1. The detector has three main components
(1) conversion foil for the generation of the secondary
electron, (2) wire plane for the reflection of the
electron, and (3) micro channel plate for detection.

When a heavy fragment passes through the
conversion foil of the detector, they knock out
electrons, which move in the beam direction. These
electrons are called secondary electrons. These
electrons travel the equal lengths from starting point
till detection point; therefore, the output timing signal
of the detector is position-independent. Carbon foils
with a thickness of 20-40 pg/cm? will be used as
the conversion foil. The thickness of the foil is very
important as the particle lose energy as it passage
through the conversion foil. For fission fragments,
these losses in the foils that we will use are few
MeV and due to collisions with atoms of the foil, the
particles changes its directions, which appear to be
negligible. Once the secondary electrons come out of
the foil, they accelerate in the electric field between
the foil and the accelerating grid and reach at the
grids of the electrostatic mirror which deflect those
electrons by 90° as shown in the figure 1, whereas
the heavy fragments pass through all electrostatic
fields generated by the grids without being deflected
from its primary direction and practically without
changing its initial velocity.

The deflected electrons strike the micro channel
plate (MCP), which will amplify and provide a fast
rise time signal. This signal will be our start signal.
The un-deflected fragments will continue and
strike a similar setup of bigger dimension, which
provides the stop signal. The stop detector will also
provide the position of the ion, where it will strike
the detector. For this purpose, one can use the MCP
or Silicon Photo multiplier (SiPm) with position
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sensing Silicon matrix. Combination of start and stop
will provide the TOF and dividing the path by TOF
we will get the velocity, which will provide the mass
information using the Viola systematics [18]. The
SiPm also provides the energy information directly
Thus, both the
energy and mass of the detected fragment can be

from the calibrated pulse height.

obtained simultaneously.
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Figurel: The different components of the detection system. The
start detector is shown here and the stop will be a replica of the
start with bigger dimension. The conversion foil has been shown
very clearly. The accelerating grid and the electrostatic mirror
(45°) w.r.t. electron path has presented. The secondary electron
path has shown by the arrows. The MCP has been shown in the
down. For the detail see the text.

III. Study of fermium isotopes

Fermium (Fm) is an actinide element. It is one
of the heaviest elements that can be formed by
neutron bombardment of lighter isotopes. Fermium
is unstable with a very short lifetime. Thus, the
measurements are possible in-beam as soon as the
element is produced. Investigative studies in this
mass region are sparse and a transitional behaviour
in the fission fragment mass distribution (FFMD)
from asymmetric to symmetric is predicted from
the systematics. This heavy mass region is also
interesting as the non-equilibrium process (QF) may
play a significant role in the process. Based on the
liquid drop model one expects the mass distribution
should be symmetric for the fission of ?**Fm isotope
which has been shown in figure 2, whereas according
to systematic one expects asymmetric.
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Figure 2: The predicted mass distribution of the fermium isotope
(***Fm) which shows the symmetric mass split contrast to the
systematic prediction as asymmetric split.

IV. Summary and conclusion

Different reaction mechanisms are important to
understand the formation of heavy and super-heavy
nuclei. Each reaction process has an independent
set of observables that are needed to be determined
experimentally. A clear discussion hasbeen presented
for the different types of experimental observable. A
completely different approach has been presented
for the prototype detection system, which is based
on the secondary electron emission for the detection
of the mass and energy of the fission fragments. The
interesting physics case of Fm isotopes is highlighted.
The same detection system can be used for many
other applications starting from imaging to defense
purpose. Very soon the detection system will be
ready and it will be used for the mass measurement.

V. Acknowledgments

The author would like to thank the group members
for their valuable discussion and also, one of the
authors P K Rath is extremely thankful to MCNS for
providing the financial support to investigate the
process.

References

[1] D..Hinde, R. du Rietz, M. Dasgupta, R.G. Thomas,
and L.R. Gasques, “Two Distinct Quasifission
Modes in the 32S+232Th Reaction” Phys. Rev.
Lett. 101, 092701 (2008).

[2] C.Lebrun, F. Hanappe, ]. F. Lecolley, F. Lefebvres,
C. Ngo, J. Peter and B. Tamain, “Influence of
angular momentum on the mass distribution

18 Manipal Journal of Science and Technology | December 2017 | Volume 2 | Issue 2

Published by Impressions@MAHE, 2017



Manipal Journal of Science and Technology, Vol. 2 [2017], Iss. 2, Art. 3

P K Rath et al: Development of a prototype detection system to investigate...

width of heavy ion induced fission: What is
the frontier between fission and quasi-fission”
Nucl. Phys. A 321, 207 (1979).

[3] B. Borderie, M. Berlanger, D. Gardes, F. Hanappe,
L. Nowicki, ]. Péter, B. Tamain, S. Agarwal,
J. Girard, C. Grégoire, ]. Matuszek, C. Ngo, “A
possible mechanism in heavy ion induced
reactions: “Fast fission process””Z. Phys. A 299,
263 (1981).

[4] Peter Moller and Arnold ] Sierk, “Nuclear
physics: Into the fission valley” Nature 422, 485
(2003).

[5] W.J.Swiatecki, “The Dynamics of Nuclear
Coalescence or separation” Phys. Scr. 24, 113
(1981).

[6] S. Bjornholm and W. ]J. Swiatecki, “Dynamical
aspects of nucleus-nucleus collisions” Nucl.
Phys. A 391, 471 (1982).

[71]. P. Blocki, H. Feldmeier, WJ.
“Dynamical hindrance to compound-nucleus
formation in heavy-ion reactions” Nucl. Phys. A
459, 145 (1986).

[8] ]. Toke, R. Bock, G.X. Dai, A. Gobbi, S. Gralla, K.D.
Hildenbrand, J. Kuzminski, W.E]. Miiller, A. Olmi,
H. Stelzer, B.B. Back, S. Bjgrnholm “Quasi-fission-
The mass-drift mode in heavy-ion reactions ”
Nucl. Phys. A 440, 327 (1985).

[9] R. Bock, Y.T. Chu, M. Dakowski, A. Gobbi, E.
Grosse, A. Olmi, H. Sann, D. Schwalm, U. Lynen,
W. Miiller, S. Bjgrnholm, H. Esbensen, W. Wolfli,
E. Morenzoni “Dynamics of the fusion process”
Nucl. Phys. A 388, 334 (1982).

[10] W. Q. Shen, J. Albinski, A. Gobbi, S. Gralla, K. D.
Hildenbrand, N. Herrmann, J. Kuzminski, W. F. J.

Swiatecki

Miiller, H. Stelzer, ]. Tke, B. B. Back, S. Bjrnholm,
and S. P. Srensen” Fission and quasifission
in U-induced reactions”, Phys. Rev.C36, 115
(1987).

[11]V. S. and S. S.
“Interpretation of Fission-Fragment Angular

Ramamurthy Kapoor,
Distributions in Heavy-lon Fusion Reactions”
Phys. Rev. Lett. 54, 178 (1985).

[12] R. G. Thomas, R. K. Choudhury, A. K. Mohanty,
A. Saxena and S. S. Kapoor, “Fission fragment
angular distributions: A probe to study heavy-
ion fusion dynamics” Phys. Rev.C67, 041601(R)
(2003).

[13] Yuri Ts Oganessian and Yuri A Lazarev, “Treatise
on heavy-ion science edited by D A Bromley”
(Plenum, New York, 1985) Vol. 4, p. 3.

[14] Peter Armbruster, C. R. Phys. 4, 571594 (2003).

[15] B.B. Back, “Complete fusion and quasifission in
reactions between heavy ions” Phys. Rev. C 31,

2104 (1985).
[16] M.G.Itkisa, E.Vardacib, I.M.Itkisa,*,
G.N.Knyazhevaa, E.M.Kozulina Fusion and

fission of heavy and superheavy nuclei
(experiment) Nuclear Physics A 944 (2015)
204-237.

[17] Instruments and Experimental Techniques,
2008, Vol. 51, No. 1, pp. 44-58. © Pleiades
Publishing, Ltd, 2008
Experimental Techniques, 2008, Vol. 51, No. 1,
pp. 44-58. © Pleiades Publishing, Ltd.,

[18] V. E. Viola, K. Kwiatkowski, and M. Walker
“Systematics of fission fragment total kinetic

Instruments and

energy release” Phys. Rev. C 31, 1550.

Manipal Journal of Science and Technology | December 2017 | Volume 2 | Issue 2 19

https://impressions.manipal.edu/mjst/vol2/iss2/3



	Development of a prototype detection system to investigate the fission mechanism of Fermium (Fm) isotopes
	Recommended Citation

	Development of a prototype detection system to investigate the fission mechanism of Fermium (Fm) isotopes

