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For the %8Zn + 112Sn reaction the Coulomb parameter Z; Z, is equal to 1500 that is close to the threshold
value for the appearance of quasifission process. It was found that mass-energy distributions of the
reaction fragments differ significantly from those obtained in the 36Ar + #4Sm reaction leading to the
formation of the same composite system of '8'Hg at similar excitation energies of about 50 MeV. In
the case of the reaction with %8Zn ions, the mass distribution of fissionlike fragments has a wide two-

humped shape with maximum yields at 70 and 110 u for the light and heavy fragments, respectively,
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instead of 80 and 100 u observed in the fission of 189Hg formed in the 36Ar + 144Sm reaction. The
difference is explained by an unexpectedly large contribution (more than 70%) of quasifission in the case
of the %8zn + 112Sn reaction.

© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

1. Introduction

Investigation of nuclei far from the valley of stability is one of
modern nuclear physics’s primary goals. Heavy-ion-induced reac-
tions are widely used to produce these nuclei. However, the forma-
tion of a fully equilibrated compound nucleus (CN) is opposed by
the Coulomb repulsion between the interacting nuclei. As a result,
the composite system may disintegrate into two fragments via the
quasifission (QF) process [1,2] and deep inelastic collisions (DIC)
[3]. QF is the main mechanism preventing the formation of heavy
and superheavy elements via fusion. The ratio between QF and CN
formation is determined by the entrance channel properties [4,5].
As the dynamic evolution of a perturbed quantum many-body sys-
tem is challenging, current theoretical models come short of an
unambiguous prediction of the reaction mechanisms.

Further studies on the origin and strength of the processes that
hinder the CN formation are needed to explore the dynamics of
heavy ion interactions. One of the experimental tasks is to verify
the dependence of the QF and CN-formation mechanisms on the
entrance channel’s properties and identify the trends in cross sec-
tions which can be summarized into a systematics. Moreover, the
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studies of low-fissility systems would also expand a systematics
of heavy ion reactions and provide the needed input to design a
model having a wider universality in covered nuclei and parame-
ters.

QF and DIC are considered as binary multinucleon transfer re-
actions with a full momentum transfer and characterized by suffi-
cient mass transfer and energy dissipation. There is no clear sepa-
ration between these processes. The DIC angular distributions are
mainly focused near the grazing angles of collisions, DIC evolution
time being a few zeptoseconds [6]. Mass distributions are peaked
around the projectile and target nuclei masses, and the yield of
fragments with masses heavier or lighter than interacting nuclei
decreases exponentially. QF is characterized by smoother angular
distributions and its evolution time can extend up to tens of zep-
toseconds [2]. As a rule, shell effects strongly affect the yield of QF
fragments leading to the asymmetric mass distributions with the
maxima located near the closed neutron and proton shells [4].

According to the calculations within the macroscopic-micro-
scopic model of Swiatecki [7], the Z1Z; threshold value for the
appearance of QF is 1600. From the analysis of a large set of exper-
imental mass-angular distributions of fissionlike fragments formed
in the reactions with heavy ions [8], it was found that for the
composite systems with Zcy = 80 the threshold value for the QF
appearance is Z1Z, = 1450 £ 100. A key parameter used to assess
QF probability is the mean fissility parameter x;. It is expressed
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Table 1

The entrance channel properties for the reactions leading to the formation of '8°Hg.
Z1Z; is the Coulomb factor, x;, is the mean fissility parameter, «¢ is the entrance-
channel mass asymmetry, E,p and E. . are the interaction energies in the labora-
tory and the center-of-mass (c.m.) systems, Ecm./Epass is the relation to the Bass
barrier of the reaction, E¢y is the excitation energy of formed CN, Lg, Lgit, and
(L) are the grazing, critical [13], and mean angular momenta, 6}, are the capture
angles of CORSET setup, and g, are the grazing collisions angles.

Parameter 687Zn 4 1125n 36Ar 4 1445m
[this paper] [12]

VAVA) 1500 1116

Xm 0.695 0.634

o 0.24 0.60

Eiap (MeV) 300 181

Ecm. (MeV) 186.7 1448

Ecom./Esass 1.096 1115

Efy (MeV) 48 53

Ler () 81 59

Lerie (R) 70 52

(L) (h) 47 35

Oiap (deg) 45 + 14 60 + 19

Ogr (deg) 72.8 91.2

as x;m = 0.75Xe¢r + 0.25xcN, where xcy is a fissility of CN and X is
the effective fissility parameter [9] reflecting the entrance-channel
mass and charge asymmetry. QF appears for reactions with x5 >
0.68 and results in widening of mass distributions and forward-
backward asymmetry in angular distributions. At x, > 0.765, QF
becomes dominant that leads to a wide two-humped shape of
mass distributions and pronounced peaks near the grazing angles
in angular distributions of the reaction fragments [8]. Since the
lower the mass asymmetry the higher the Coulomb factor (Z12Z;),
QF probabilities are higher for symmetric than for asymmetric re-
actions leading to the same composite systems. The fusion prob-
ability Pcn correlates with the entrance-channel mass asymmetry
ap = (Atarget — Aprojectile)/ (Atarget + Aprojectile)- The criterion based
on the entrance-channel mass asymmetry states that QF appears
for systems with the entrance-channel mass asymmetry oo lower
than the mass asymmetry associated with the Businaro-Gallone
point agg [10]. At the apg, the contact potential energy of a com-
posite system as a function of the entrance-channel mass asym-
metry is maximal. However, this criterion is known to predict the
appearance of QF process even for the systems where only CN
fission was observed. Interaction energy, angular momentum, and
static deformation of interacting nuclei also influence the balance
between QF process and CN formation. The study of the reactions
in the vicinity of the threshold for the appearance of QF process
is therefore extremely important for the understanding of mecha-
nisms of heavy-ion reactions.

The present paper investigates the 8Zn + 112Sn reaction lead-
ing to the formation of 8°Hg at the interaction energy of 300 MeV.
The mass and energy distributions of fissionlike fragments were
measured and compared with those formed in the 36Ar + 144Sm
reaction [11,12] leading to the formation of the same CN. The en-
trance channel properties of the reactions are given in Table 1.

The values listed in Table 1 indicate that the mean fissility pa-
rameter X, and the Coulomb factor Z;Z; are close to the threshold
values for the onset of QF process in the case of the 68Zn + 1125p
reaction, whereas for the 36Ar + 144Sm reaction the values are fa-
vorable for CN formation. Nevertheless, it should be stressed that
although in the %8Zn + 112Sn reaction x;, exceeds the threshold
value for QF appearance, it is essentially lower than 0.765, a start-
ing point for QF to prevail. Therefore, in the 58Zn + 112Sn reaction
one can expect that the CN formation and its subsequent fission is
the main process whereas QF is a small part of the capture cross
section.

The entrance-channel mass asymmetry is smaller than apg =
0.83 for both reactions. However, for the 36Ar 4+ 144Sm reaction,
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QF was not observed in the previous studies [11,12]. Further, the
mass asymmetry for the 58Zn + 112Sn reaction is smaller than for
the 36Ar + 144Sm reaction. This should ensure that different inter-
action mechanism would be involved.

2. Experiment

The experiment was carried out at the Physics Department of
the Jyviskyld University, Finland, with 300-MeV %8Zn ions from the
K-130 cyclotron. The energy resolution of the beam was 1%. The
target was prepared by sputtering ''2Sn (200 pg/cm?) on a 30-
pg/cm? carbon backing. The enrichment of the target was 99.9%.
The experimental setup was identical to the one used for the
36Ar + 1%4Sm reaction [12]. The binary reaction fragments were
detected by the double-arm time-of-flight spectrometer CORSET
[14]. Each arm of the spectrometer consists of a compact start
detector and a position-sensitive stop detector. Both detectors are
based on microchannel plates. The arms of the spectrometer were
set symmetrically with respect to the beam axes, at the angle
of 45°. For symmetric reaction products, that configuration corre-
sponds to the 90° angle in the c.m. system. The position resolution
of the stop detectors was 0.3°. The full width at half maximum
(FWHM) time of flight resolution was about 150 ps. The mass and
energy resolutions of the CORSET setup were calculated from the
FWHM of the mass and energy spectra of the elastically scattered
particles. The resulting mass- and total kinetic energy (TKE) reso-
lutions were £2 u and +6 MeV, respectively. The extraction of the
binary reaction channels, exhibiting full momentum transfer, was
based on the analysis of the kinematical diagram (see [15,16] for
details).

3. Results and discussion

The mass-total kinetic energy (M-TKE) distribution of the pri-
mary binary fragments, obtained in the %Zn + 112Sn reaction at
the interaction energy of 300 MeV, are shown in the top panel of
Fig. 1. The two maxima at TKE close to the interaction energy in
the c.m. system and masses close to those of the projectile and
the target are associated with elastic and quasielastic scattering.
The rest of the reaction products formed in the reaction show
significant energy dissipation (TKE < E.p.) and nucleon transfer
(fragment mass different from that of the target and the projectile).
These are characteristic features of CN-fission and QF processes
(fissionlike events) [1,2,4]. Because of the overlap in the M-TKE
distributions for the fissionlike and quasielastic scattering events,
their separation is difficult. In the mid-panel of Fig. 1, the energy
loss (Ec.m. — TKE) distribution of the reaction products is shown.
The distribution consists of quasielastic component which could
be well reproduced by the Gaussian distribution with mean energy
equal to E.m, and a wide distribution spreading up to the energy
losses of about 100 MeV. At the energy loss of about 26 MeV and
above, corresponding to TKE < 160 MeV, the contribution of the
quasielastic component becomes insignificant.

The bottom panel of Fig. 1 shows the energy of all binary re-
action products obtained in the %8Zn + 1'2Sn reaction plotted as
a function of the registration angle in the c.m. system. The shaded
region corresponds to the events with energy losses of more than
26 MeV. Since the fissionlike reaction products are lying lower
than the elastic and quasielastic events, they can be separated.
Even though a small part of the fissionlike fragments, overlapping
with elastic and quasielastic events, are cut off, it does not signifi-
cantly affect the mass-energy distribution of fissionlike fragments.
Fig. 2 shows the mass-energy distributions of these fissionlike frag-
ments obtained in the reaction %8Zn + 112Sn and the 3%Ar +
1445m reaction [12]. Both lead to the same CN, '8%Hg, at similar
excitation energy listed in Table 1. In the case of 3%Ar + 144Sm
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Fig. 1. The mass-TKE (top panel), energy loss (middle panel) and angular-energy
(bottom panel) distributions of all binary fragments formed in the %8Zn + '12Sn
reaction at Ej;, =300 MeV.

the fissionlike reaction products (inside the polygon in M-TKE ma-
trix in Fig. 2) are well separated from the elastic and quasielastic
scattering events. These fissionlike fragments have characteristics
expected for the fission of the excited '8°Hg compound nucleus.
As it was mentioned above the properties of the reaction entrance
channel are favorable for CN formation. Moreover, in the mass, en-
ergy, and angular distributions of fragments obtained in a similar
reaction (*8Ca + 1#4Sm) [17], no evidence of QF process was ob-
served.

In the case of the 3%Ar + 144Sm reaction, the mass distribution
demonstrates nearly Gaussian shape but has a slight asymmetry
at mass numbers 80 and 100 u. Also, experiments investigating
B-decay of 89Tl nucleus leading to the fission of the daughter nu-
cleus '8%Hg with excitation energy E* < 10.8 MeV [18] observed
asymmetric mass distribution of fission products with the max-
ima at mass numbers around 80 and 100 u. The excitation energy
of the '8Hg nucleus, formed in the 3%Ar + #4Sm reaction, was
about 53 MeV. At such excitation energy, the structure peculiarities
specific for low-energy fission are still observable, but the main
fission component is defined by macroscopic properties of the nu-
cleus that are well-described by the liquid drop model. Hence, the
mass-energy distribution of 8°Hg fission fragments formed in the
36Ar + 144Sm reaction at the interaction energy of 181 MeV can be
represented as a superposition of the symmetric “liquid-drop” dis-
tribution and the asymmetric one with the peaks at 80 and 100 u.

As it is visible in Fig. 2, the mass-energy distributions of fis-
sionlike products formed in the %8Zn + 112Sn reaction differ sig-
nificantly from those obtained in the 3%Ar + 144Sm reaction. The
maxima in the fragments yields for the ®8Zn-ions-induced reaction
are observed at 68 and 112 u. Although the average kinetic en-
ergy of fragments is similar for both reactions, the dependences
of the mean TKE on fragment mass varies strongly. In the case of
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Fig. 2. From top to bottom: the mass-energy distribution of fissionlike fragments
formed in the %8Zn + '12Sn reaction at Ej, = 300 MeV; the mass-energy distri-
bution of fragments formed in the 36Ar + 144Sm reaction at Ej,, = 181 MeV; the
comparison of mass yields and mean total kinetic energies as a function of mass for
the reactions ®8Zn + 12Sn (solid circles) and 35Ar + 1#4Sm (open circles).

the 3Ar + '%4Sm reaction, the maximum kinetic energy is ob-
served for symmetric fragments, whereas for the %8zn + 112sp
reaction the maxima correspond to asymmetric fragments with
masses near 68 and 112 u.

The systematic study of fission of exited nuclei has shown that
the excitation energy and angular momentum influence the prop-
erties of fission fragments [19]. These properties do not depend
on the reaction in which they were formed. The excitation en-
ergy of 180Hg formed in both reactions is about 50 MeV. Mean
angular momentum (L) is higher in the reaction with ®8Zn jons.
However, the (L) values are significantly lower than the critical an-
gular momentum, a limiting value of the angular momentum over
which the possibility of formation of a compound nucleus would
disappear, for both reactions (see Table 1). According to the experi-
mental systematics for fission of excited nuclei [19], these changes
in angular momenta lead only to a minor increase in the width of
the fission fragment mass distribution for the reaction with 68Zn
ions as compared to the 3%Ar-ions-induced reaction. Therefore, the
fission fragment characteristics for both reactions should be simi-
lar.

The maxima in the mass yields of fission fragments formed in
the %8Zn 4 112Sn reaction are centered at the masses of the in-
teracting nuclei: 68 and 112 u. The kinetic energy is, on average,
50 MeV lower than Ec .. In the present work, the measurements
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of fission fragments were carried out at the angles ~30° below
the grazing angle for both reactions. Consequently, the contribu-
tion of DIC to the measured mass distribution is supposed to be
insignificant. Therefore, the difference in the mass-energy distribu-
tions observed for these reactions could be explained neither by
the influence of angular momentum nor by the large contribution
of DIC. QF is the dominant process in the 58Zn + 112Sn reaction.
Assuming that the registration angles of the CORSET spectrometer
cover the mean emission angle for QF fragments, we have esti-
mated the rotation angle and the reaction time, as described in
Ref. [2]. The estimated time for the formation of the fragment pair
with masses near 68 and 112 u is about 7 zs. This time is typ-
ical for asymmetric QF process [20]. Moreover, fragments formed
in QF process have masses close to the proton and neutron shells
[3]. For example, in the reactions with heavy ions leading to the
formation of superheavy systems, the maxima in the QF fragments
mass yields are located near the closed shells Z =82 and N =126
[4]. Just like for superheavy systems, the QF fragment formation in
the 8Zn + 112Sn reaction is possibly driven by the closed proton
shells at Z =28 and Z =50.

To estimate the contribution of CN-fission fragments into all
fissionlike events for the %8Zn + 112Sn reaction, the M-TKE dis-
tribution of fission fragments formed in the 3%Ar + #4Sm reaction
was used. The distribution was normalized to reach the same yield
of the most probable TKE at Acy/2 as in the 88Zn + 112Sn reac-
tion. The contribution of CN-fission process in the formation of all
fissionlike events was calculated as a ratio between the number of
events in the normalized 3®Ar + 44Sm M-TKE matrix and all fis-
sionlike events formed in the 68Zn + 112Sn reaction. Thus, for the
687n + 112Sn reaction at the incident energy of 300 MeV, the CN-
fission process contribution in the capture cross section was found
to be less than 30%. The absolute differential cross section for all
fissionlike events observed in the 58Zn + 112Sn reaction was mea-
sured at the angle 6., ~ 90°. For the lack of a model (theory) to
describe QF angular distributions it is impossible to integrate the
measured differential cross section for all fissionlike events, there-
fore, the CN-fission cross section was estimated. Since the angular
coverage of the spectrometer is about 30°, the CN-fission cross
section was estimated assuming that the angular distribution is
proportional to 1/sinfcm,. The upper limit for the CN-fission cross
section of about 60 mb was obtained.

According to the channel-coupling model calculations within
the NRV project [21], the capture cross section for the 68Zn +
12gn reaction at Epyp, = 300 MeV should be about 300 mb. The
NRV code predicts the CN-fission probability of about 93% (7%
of evaporation residue). Therefore, the experimentally estimated
upper limit for the fusion cross section amounts to 65 mb. Con-
sequently, since the capture cross section is a sum of the fusion
and QF cross sections, a significant suppression of the CN forma-
tion was observed for the reaction.

The outcome of our measurements is puzzling. Such a large
contribution of QF in the ®Zn + !12Sn reaction was not ex-
pected since though the mean fissility parameter for the reaction
Xxm = 0.695 is just over the threshold value for QF appearance, but
it is much lower than x; = 0.765, when according to the sys-
tematics [8] QF becomes a dominating process. It is to be noted
that in the %8Zn + 112Sn reaction QF fragments peak around
the masses corresponding to closed proton shells at Z =28 and
Z = 50. The changes in the entrance channel properties, com-
pared to the 3%Ar + 1%4Sm reaction, are not so drastic as to cause

Physics Letters B 819 (2021) 136442

such significant changes in the interaction mechanism. The main
difference between the two cases is the mass ratio of the inter-
acting nuclei leading to the same CN. As shown in Table 1, the
entrance-channel mass asymmetry parameter oo drops from 0.60
to 0.24 for the 58Zn + 112Sn reaction. In other words, moving to-
wards a more symmetric system increases the QF contribution. If
this is indeed the case, classification of heavy-ion-induced reac-
tion mechanisms should include both the mean fissility parameter
and the entrance-channel mass asymmetry. In fact, the mean fis-
sility parameter indirectly accounts for the mass asymmetry via
the effective fissility parameter. However, the result of this study
shows that the influence of the entrance-channel mass asymmetry
is much stronger than previously assumed. Additional experiments
with reactions leading to the formation of the ¥9Hg composite
system are needed to confirm this finding. Especially relevant are
measurements of the reactions with higher (e.g. °6Fe + 124Xe) and
lower (e.g. 9°Zr + 20Zr) mass asymmetry.

Declaration of competing interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgements

We thank the JYFL accelerator team for excellent beam qual-
ity, smooth operation of the cyclotron throughout the experiment,
and a friendly and professional attitude. Strong support of the di-
rectorate of the FLNR JINR is greatly acknowledged. This work was
supported in part by the joint grant from the Russian Foundation
for Basic Research and the Department of Science and Technology
of the Ministry of Science and Technology of India (Project No. 19-
52-45023), and by the mobility fund of the Academy of Finland.

References

[1] W.Q. Shen, et al., Phys. Rev. C 36 (1987) 115.
[2] J. Toke, et al., Nucl. Phys. A 440 (1985) 327.
[3] V.V. Volkov, Phys. Rep. 44 (1978) 93.
[4] M.G. Itkis, E. Vardaci, .M. Itkis, G.N. Knyazheva, E.M. Kozulin, Nucl. Phys. A 944
(2015) 204.
[5] E. Vardaci, M.G. Itkis, L.M. Itkis, G.N. Knyazheva, E.M. Kozulin, ]. Phys. G, Nucl.
Part. Phys. 46 (2019) 103002.
[6] E.M. Kozulin, et al., Phys. Rev. C 86 (2012) 044611.
[7] WJ. Swiatecki, Phys. Scr. 24 (1981) 113.
[8] R. du Rietz, E. Williams, D.]. Hinde, M. Dasgupta, M. Evers, C.J. Lin, D.H. Luong,
C. Simenel, A. Wakhle, Phys. Rev. C 88 (2013) 054618.
[9] R. Bass, Nucl. Phys. A 231 (1974) 45.
[10] M. Abe, KEK Preprint 8-26, KEK TH-128, 1986.
[11] K. Nishio, et al., Phys. Lett. B 748 (2015) 89.
[12] D. Kumar, et al., Bull. Russ. Acad. Sci., Phys. 84 (2020) 1001.
[13] P. Frobrich, LI. Gontchar, Phys. Rep. 292 (1998) 131.
[14] E.M. Kozulin, et al., Instrum. Exp. Tech. 51 (2008) 44.
[15] LM. Itkis, et al., Phys. Rev. C 83 (2011) 064613.
[16] DJ. Hinde, M. Dasgupta, J.R. Leigh, J.C. Mein, C.R. Morton, J.0. Newton, H. Tim-
mers, Phys. Rev. C 53 (1996) 1290.
[17] G.N. Knyazheva, et al., Phys. Rev. C 75 (2007) 064602.
[18] A.N. Andreyev, et al., Phys. Rev. Lett. 105 (2010) 252502.
[19] M.G. Itkis, A.Ya. Rusanov, Phys. Part. Nucl. 29 (1998) 160.
[20] K.V. Novikov, et al., Phys. Rev. C 102 (2020) 044605.
[21] AV. Karpov, AS. Denikin, M.A. Naumenko, A.P. Alekseev, V.A. Rachkov, V.V.
Samarin, V.V. Saiko, V.I. Zagrebaev, Nucl. Instrum. Methods A 859 (2017) 112;
http://nrvjinr.ru/nrv.


http://refhub.elsevier.com/S0370-2693(21)00382-8/bibC4CA4238A0B923820DCC509A6F75849Bs1
http://refhub.elsevier.com/S0370-2693(21)00382-8/bibC81E728D9D4C2F636F067F89CC14862Cs1
http://refhub.elsevier.com/S0370-2693(21)00382-8/bibECCBC87E4B5CE2FE28308FD9F2A7BAF3s1
http://refhub.elsevier.com/S0370-2693(21)00382-8/bibA87FF679A2F3E71D9181A67B7542122Cs1
http://refhub.elsevier.com/S0370-2693(21)00382-8/bibA87FF679A2F3E71D9181A67B7542122Cs1
http://refhub.elsevier.com/S0370-2693(21)00382-8/bibE4DA3B7FBBCE2345D7772B0674A318D5s1
http://refhub.elsevier.com/S0370-2693(21)00382-8/bibE4DA3B7FBBCE2345D7772B0674A318D5s1
http://refhub.elsevier.com/S0370-2693(21)00382-8/bib1679091C5A880FAF6FB5E6087EB1B2DCs1
http://refhub.elsevier.com/S0370-2693(21)00382-8/bib8F14E45FCEEA167A5A36DEDD4BEA2543s1
http://refhub.elsevier.com/S0370-2693(21)00382-8/bibC9F0F895FB98AB9159F51FD0297E236Ds1
http://refhub.elsevier.com/S0370-2693(21)00382-8/bibC9F0F895FB98AB9159F51FD0297E236Ds1
http://refhub.elsevier.com/S0370-2693(21)00382-8/bib45C48CCE2E2D7FBDEA1AFC51C7C6AD26s1
http://refhub.elsevier.com/S0370-2693(21)00382-8/bib6512BD43D9CAA6E02C990B0A82652DCAs1
http://refhub.elsevier.com/S0370-2693(21)00382-8/bibC20AD4D76FE97759AA27A0C99BFF6710s1
http://refhub.elsevier.com/S0370-2693(21)00382-8/bibC51CE410C124A10E0DB5E4B97FC2AF39s1
http://refhub.elsevier.com/S0370-2693(21)00382-8/bibAAB3238922BCC25A6F606EB525FFDC56s1
http://refhub.elsevier.com/S0370-2693(21)00382-8/bib9BF31C7FF062936A96D3C8BD1F8F2FF3s1
http://refhub.elsevier.com/S0370-2693(21)00382-8/bibC74D97B01EAE257E44AA9D5BADE97BAFs1
http://refhub.elsevier.com/S0370-2693(21)00382-8/bibC74D97B01EAE257E44AA9D5BADE97BAFs1
http://refhub.elsevier.com/S0370-2693(21)00382-8/bib70EFDF2EC9B086079795C442636B55FBs1
http://refhub.elsevier.com/S0370-2693(21)00382-8/bib6F4922F45568161A8CDF4AD2299F6D23s1
http://refhub.elsevier.com/S0370-2693(21)00382-8/bib1F0E3DAD99908345F7439F8FFABDFFC4s1
http://refhub.elsevier.com/S0370-2693(21)00382-8/bib98F13708210194C475687BE6106A3B84s1
http://nrv.jinr.ru/nrv

	Evidence of quasifission in the 180Hg composite system formed in the 68Zn + 112Sn reaction
	1 Introduction
	2 Experiment
	3 Results and discussion
	Declaration of competing interest
	Acknowledgements
	References


