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Measurements of mass and angular distributions have been made for fission-like outcomes in reactions
forming isotopes of flerovium (Z=114), using “8Ca, °°Ti, and 5*Cr projectiles. The dominant fast
quasifission process, which masks the presence of fusion-fission, has minimum yield at the most
backward angles, where the sensitivity to fusion-fission is thus highest. In fitting the backward angle
mass spectra, only weak evidence for a component of super-asymmetric fission was found, but a near-
symmetric fission component was consistently required for the 48Ca + 244Pu reaction, giving upper limit
to the fusion probabilities Pcy of ~10~2, ~5 times lower than previous results. Pcy for the *°Ti reaction
was lower than %8Ca, whilst no evidence of fusion-fission was found for the 34Cr 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

An island of superheavy nuclei (SHN) with enhanced stability
was predicted in the 1960s, centred at proton and neutron magic
numbers Z=114, N=184 [1-3]. All superheavy elements up to Z=118
(oganesson) have now been synthesised [4-9], completing the 7th
row of the periodic table of the elements. Measurements of their
nuclear decay characteristics test models of nuclear structure [10],
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whilst atom-by-atom studies of their chemical properties probe
the limits of the periodic table [11-16].

SHN are formed by fusion of two lighter nuclei. Capture oc-
curs through kinetic energy dissipation and the “sticking” of their
surfaces at contact. However, the probability Pcy of moving from
this elongated contact configuration to the compact superheavy
compound nucleus (CN) is extremely small [17-20,22]. This is
due to strong competition from fast non-equilibrium deep inelas-
tic and quasifission (QF) processes [21-25], typically occurring in
<1020 5 [21,25-29].

The heaviest elements (Z=114-118) have so far been synthe-
sised using the favourable [22,30-32] doubly-magic (Z=20, N=28)
neutron-rich 8Ca projectile. In attempting to synthesise elements
heavier than oganesson, the insufficiency of target material of ele-
ments heavier than Cf [33] requires use of heavier projectiles. Ti to
Ni beams have been used, but so far without success [34-38], sug-
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gesting that Pcy values of these projectiles are significantly smaller
than for 48Ca [39-41].

Even if a heavy CN is formed by fusion, it is much more likely
to undergo fission [i.e., fusion-fission (FF)] than evaporate neutrons
to form the desired SHN. The small probability of surviving fission
Wgyr severely inhibits the synthesis of SHN.

The SHN cross-section osyn at centre-of-mass energy E is writ-
ten [42] as the sum over angular momentum Jh of the capture
cross-section ocqp (E, J) multiplied by Pcn(E, J) and Wy (E*, J):

USHN(E)=ZUCGP(E7])PCN(Ea])WSLH’(E*t.])' (1)
J

Here E* is the CN excitation energy above the ground state.
At a given E, averaging over the relatively low J in near-barrier
capture reactions, this equation simplifies to

USHN(E)=Ucap(E)-PCN(E)-Wsur(E*)- (2)

The dominance of FF over particle evaporation for the heavy
CN means that essentially o¢qp.Pcy ~ ofrr and hence Eq. (2) can
be simplified to osyn >~ oFr.Wsyr. If 0¢gp and osyn are already
measured, determination of orr would thus quantify both Pcy
and Wg,,. The difficulty is that fusion-fission observables in gen-
eral overlap [41] with those of the much more likely quasifission
process. Various experimental approaches have attempted to over-
come this problem [17-20,22,43-46].

These methods generally require knowledge of the mass distri-
bution of the fusion-fission yield. Early empirical conclusions [47],
later supported by calculations [48,49], led to the expectation that
mass distributions (although being mass-asymmetric) would be
within £20-25 mass units of mass-symmetry [20]. However, re-
cent calculations [50-57] indicate that a super-asymmetric fission
decay (with one fragment near 2%8Pb) has the lowest fission bar-
rier. This would be swamped by the peak in the quasifission yield
found at similar masses [28,41,46,58,59].

An experimental technique with high sensitivity to both near-
symmetric and super-asymmetric fission could address three key
issues: (i) determination of the mass distribution for superheavy
CN fission, informing models of fission; (ii) determining the sup-
pression of SHN cross sections by quasifission, to optimise the
choice of reactions and guide dynamical models; (iii) quantifying
the competition between neutron evaporation and fission, giving
information on fission barrier heights, ground-state shell effects,
and thus the location of the magic numbers in the region of
SHN [60].

2. Experimental details

Measurements to investigate fusion-fission for three reactions
forming isotopes of flerovium were carried out at the ANU Heavy
Ion Accelerator Facility using the CUBE detector system [22,27,61,
62]. Flerovium compound nuclei having mass numbers 292, 288,
and 286 were formed in the reactions 48Ca + 244pu, 20Ti + 238(,
and *4Cr + 232Th respectively, at beam energies from 0.95 to ~1.15
of their calculated capture barrier energies Vg (192.6, 212.5, and
2311 MeV respectively) [63]. Targets comprised 50-160 pg/cm?
of the actinide isotope (enriched to > 97%), supported on 115-
280 pg/cm? Al/Ti backing foils [64]. Coincident binary reaction
products were detected in two of three position-sensitive multi-
wire proportional counters [27,62]. Angular coverage was 10° <
# < 80° on one side of the beam axis, and 53° < 6 < 169° on
the other. Large yields from fission of target-like nuclei were re-
jected by selecting fission fragments emitted back-to-back in the
centre-of-mass (c.m.) frame using the deduced velocity compo-
nents [27,61] of the nucleus undergoing fission.
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Fig. 1. (a-c) Mass ratio versus angle distributions (MADs) for the binary fragments
for 48Ca + 208ph from Ref. [22] and for 43Ca + 244Pu and *Cr + 232Th, measured
in this work. The fission fragments for 48Ca + 293Pb centred around Mg=0.5 (ver-
tical dashed line) do not vary with angle, characteristic of fusion-fission. The other
two reactions are dominated by quasifission with projectile-like (dashed ellipse) and
target-like fragments. Total My projections are shown by blue points in (d)-(f), and
for 135° <6.m. < 165° (scaled up by 4) by shaded histograms. Angular distribu-
tions (g) to (i) correspond to the red dashed gates in (a)-(c), showing the strong
focusing in angle of fast quasifission in (h) and (i).

3. Data analysis and results

Following energy loss corrections [64] carried out iteratively,
the c.m. velocity vectors of the binary fragments enable determi-
nation of the mass-ratio Mg (the mass of one fragment divided
by their sum) and fragment c.m. angles 6. ., allowing mass-angle
distributions (MADs) to be generated [27,62]. With cross section
normalization using sub-barrier elastic scattering [22] the MADs
represent the double differential cross section d?o /dMgd6. . as a
function of My and 6., . Examples are shown in Fig. 1(a)-(c), for
beam energies close to the calculated Vg in each reaction.

These MADs show two main groups of events: scattering cen-
tred around the projectile (Mg >~ 0.2) and target (Mg >~ 0.8) mass-
ratios, with angular distributions characteristic of elastic scattering,
and binary fission-like events following capture, seen at My values
between those of the projectile and target. It has been demon-
strated in Refs. [26,27] that the mass-angle distribution of the
binary fission-like events provides information about the time evo-
lution of the nucleus formed following contact. Two quasifission
components have been identified: (i) fission soon after contact
(fast quasifission), with very little mass exchange and fragment
masses close to the target/projectile masses (e.g. dashed ellipses
in Fig. 1); (ii) fission much later in the evolution (slow quasifis-
sion [59]) but before the formation of a compact CN, with Mg
close to 0.5.

For #8Ca + 208pb at E/Vp = 1.01 [22], the fission-like events
in Fig.1(a) are centred at mass-symmetry (Mg = 0.5). The pro-
jected total Mg spectrum [blue points in Fig. 1(d)] and the back-
ward angle My spectrum 135° < 6., < 165° (shaded histogram)
show the same characteristics. Furthermore, the angular distribu-
tion do /d6. . for the heavy fragment (0.5 < Mp < 0.72), shown
in Fig.1(g), is symmetric about 6., = 90°. These are all character-
istics of fusion-fission, where no “memory” of the projectile, target
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Fig. 2. (a)-(f) Measured MADs for “8Ca + 2%4Pu at the indicated excitation energy E* and E/Vj. Panels (g)-(1) show simulated MADs. (m)-(r) show My distributions (blue
points) within the range 125° < 6., <155° [blue rectangle in (b)]. Data for 75° < 6., <105° [black rectangle in (b)] are compared in (n) (black symbols). The My spectra
are fitted with the QF simulation (blue line) and two Gaussians for super-asymmetric (magenta) and near-symmetric (brown) fusion-fission (only plotted within the fitting
range). At most energies, optimum fits needed a near-symmetric fission component (solid brown Gaussians). For the super-asymmetric fusion-fission, upper limits are shown
by the dotted Gaussians. The total fits for the near-symmetric fusion-fission are shown by brown histograms. Best-fit Gaussians are scaled by the indicated factors for
visibility. (s)-(x) are the difference plots between the experimental My data and its simulated counterpart. The near-symmetric fusion-fission components obtained from the

fits are shown by brown curves.

mass, and direction remains, and no fission mass-angle correlation
appears in the MAD.

MADs for the 48Ca + 244pPu and °4Cr + 232Th reactions at
E/VE=1.00 and 0.99 respectively are shown in Fig. 1(b),(c). Re-
sults for 2°Ti + 238U are qualitatively similar (see Supplemental
Material [68]). The characteristics of fission-like events in these re-
actions are very different from the 48Ca + 298Pb reaction. The peak
yield (dashed ellipse) is far from mass-symmetry, also seen in the
projected My spectra in Fig 1(e) and (f). The angular distributions
of the heavy fragments in Fig.1(h) and (i) are sharply peaked in an-
gle. This asymmetry about 6., = 90° is also demonstrated by the
asymmetric Mg distributions for 135° < 6., < 165°, shown by
the shaded histograms in Fig. 1(e) and (f). All these characteristics
are associated with a mass-angle correlation in the MADs, indi-
cating a fast quasifission reaction with a “memory” of the initial
collision.

The high statistics for the *3Ca + 244Pu MADs [e.g. Fig. 1(b)] give
insights into the origins of the near-symmetric fission events. Un-
like 48Ca + 298Pb, where near-symmetric yields populate all angles
consistent with long sticking times, the yield for #8Ca + 2*4Pu is
clustered around 6. ;. = 90° [Fig. 1(b)] as it largely results from the
overlap of the broad distributions of fast quasi-fission (projectile-
like and target-like) fragments. Yields from fusion-fission must
however be present as SHN have been observed [66,67] in reac-
tions of 48Ca with 244Pu. The challenge therefore is to extract the
fusion-fission events amidst the dominant fast QF yields. This has
been addressed using a new method presented in the following
sections.

3.1. Determining the angular region of maximum sensitivity

The overall MAD characteristics and their change with E/Vp for
48Ca + 244py, SOTi + 238y and 4Cr + 232Th are very similar. MADs
for 48Ca + 244Pu are shown in Fig.2(a)-(f); the others are shown
in the Supplemental material [68]. At the lowest E/Vp, the yield of
light quasifission fragments (Mr < 0.5) is lowest at forward angles,
and of heavy fragments (Mg > 0.5) at backward angles. As E/Vp
and the mean angular momentum increases, the light quasifission
fragments move to more forward angles as expected [64]. The fast
quasifission yield is always minimal at either extreme forward or
extreme backward angles, depending on the fragment mass and
beam energy. For maximum sensitivity, in particular away from
mass-symmetry, a search for fusion-fission should thus be made
far from 6, ;. = 90°.

The backward angle (125° < 6., < 155°) My distributions are
shown in Fig. 2(m)-(r). Fission events are cleanly separated from
quasielastic and deep inelastic events for 0.25 < Mr < 0.75. The
peak in the fast quasifission yield moves from Mg= 0.3 to 0.7
with increasing energy. Since in fusion-fission the yields of the
light and heavy fragments at any angle must be identical, at least
one of the two fusion-fission fragments will be in a region of low
quasifission yield. This is not the case around 90° [black points in
Fig.2(n)], demonstrating the advantage in selecting angles far from
90° to find the fusion-fission component. The rest of this Letter
will therefore concentrate on the backward angle My spectra (blue
points) to determine the fusion-fission component.



K. Banerjee, D.J. Hinde, M. Dasgupta et al.

f@) 20

a0 L MeV Fl

20

82
‘ protons

Q30 (b3/z)

density

(b)
40 1 profiles
20 i
: 7N (
o N/ Ay NSO oy
0 100 on(b) 200
10° T rotons
F(c) E=0 E=27Mev 3P
r Gaussian fit Gaussian fit 1
> 10" b o calculated = calculated i
5 F ]
< F ]
Ra) L ]
2100k 3
o E E
10" I ]
0.0 0.2 0.4 0.6 0.8 1.0

mass ratio

Fig. 3. Free energy surface for 2%2Fl in elongation (Q20) and mass-asymmetry (Q3p)
coordinates at (a) zero and (b) 27 MeV excitation. Dashed blue lines show the most
likely fission paths. Typical fragment density distributions at the most probable
fragmentation are shown to the right. Corresponding calculated fission My distri-
butions with Gaussians fits are shown in panel (c) (see text).

3.2. Microscopic calculations

Determining the extremely small contribution of fusion-fission
to mass distributions that are dominated by quasi-fission would
be made easier if guided by theory. Microscopic calculations of
Helmholtz free energy surfaces (FES) is the most suitable tool
available for predicting fusion-fission characteristics at non-zero
excitation energies. Calculations for 292Fl at two different E* were
therefore carried out to predict whether near-symmetric or super-
asymmetric fusion-fission is expected at the measured excitation
energies. The nuclear energy density functional formalism at finite-
temperature [69,70] is employed to calculate FES in the two-
dimensional collective space of multipole moments Qo and Q3g
representing elongation and mass-asymmetry, respectively. The
SkM* parametrization [71] of the Skyrme functional was used to
obtain the mean field nucleon-nucleon interaction. Nuclear pair-
ing interactions were included within the Hartree-Fock-Bogoliubov
approach [72], and the corresponding strengths were determined
from the density-dependent mixed pairing interaction [73]. The
FES at E* = 0 and at 27 MeV are shown in Fig. 3(a) and (b) re-
spectively. At E* = 0 the fission path (dashed line) is highly mass-
asymmetric, with the heavy fragment near 2°8Pb, as found previ-
ously [51,52]. In contrast, at E*=27 MeV, the FES shows little evi-
dence of the super-asymmetric pathway, but rather dominance of
fission near mass-symmetry. However, multi-chance fission could
result in the presence of both decays in experimental spectra.

Mass-ratio distributions of 292F] were calculated [74] for both
fission decays, as shown by symbols in Fig. 3(c). These distribu-
tions could be quite well represented by pairs of Gaussians, as
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indicated by the curves. The means MRpeqk1, MR peqk2, and com-
mon standard deviation oy g of the fitted Gaussians obtained from
the present work (for 48Ca+ 244Pu) and from mass distributions re-
ported in Refs. [48,49] (for all systems) for near-symmetric fission
are shown in Table 1. Since microscopic calculation takes consid-
erable computation time, an approximation was made for super-
asymmetric fission, where Gaussians parameters were determined
from the calculated mass distribution of 48Ca + 244Pu for all the
three reactions (see Table 1).

Evidence for such near-symmetric or super-asymmetric fis-
sion is not clearly visible in the backward angle mass-ratio spec-
tra [Fig.2(m)-(r)]. Since the fusion-fission component is evidently
small, a fitting procedure must be applied to extract this compo-
nent. For the fit, first the smooth quasifission Mg spectrum must
be calculated as described below.

3.3. Quasifission simulation and fitting of Mg spectra

The quasifission events were generated using a Monte Carlo
simulation of mass and angle evolution [24-27,29,65]. Simulta-
neous fitting of the Myr and 6., projections defined the model
parameters (see Supplemental Material [68]). The simulated MADs
for 48Ca+ 244Pu are shown in Fig.2(g)-(1). Note that the model does
not generate narrow mass peaks that are predicted for fusion-
fission.

These simulated QF mass distributions provide a consistent de-
scription of the measured quasi-fission mass distribution at the
wide range of measured angles and beam energies as seen in
Fig. 2. They were used to fit the backward angle My spectra in
Fig. 2(m)-(r) together with a fusion-fission component. The fits
were performed by optimising the weighting of the QF distribution
(blue histogram) and either the near-symmetric (brown) or super-
asymmetric (magenta) fusion-fission components approximated by
pairs of Gaussians as specified in Table 1. Fits for the 43Ca reaction
are discussed here in detail, whilst fits for *°Ti and >*Cr induced
reactions can be found in the Supplemental Material [G8].

3.4. Fitting for near-symmetric fusion-fission

Fits of the backward angle My spectra for the near-symmetric
fission and separately the Gaussian components are shown by
brown curves in Fig. 2(m)-(r) for #8Ca + 244Pu. The difference be-
tween the measured Mg distribution in the angular region 125° <
6c.m. <155° and the fitted quasifission simulation is shown on a
linear scale in Fig. 2(s)-(x). Noticeable deviations from the zero
level are observed in the mass symmetric region for the %8Ca +
244py reaction. The optimum fits obtained for near-symmetric fis-
sion are also plotted.

3.5. Fitting for super-asymmetric fusion-fission

The Gaussian components, from the fits for super-asymmetric
fission (magenta lines) are also shown Fig. 2(m)-(r) within the
My fitting range. Optimum values obtained for the Gaussian com-
ponents are shown by the solid lines, whereas upper limits are
represented by the dotted lines.

Large variations from the zero levels can be observed in
Fig. 2(s)-(x) in the super-asymmetric mass region Mg ~ 0.28 and
0.72. However the magnitudes near Mg ~ 0.28 generally do not
match those near Mg ~ 0.72. These are thus likely from imperfec-
tions in the quasifission simulation and not due to the presence of
a super-asymmetric fusion-fission component.
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Table 1
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Parameters for the near-symmetric and super-asymmetric fusion-fission Mg distribution. MR peqk1, MR pear2 are the means of

two peaks and oyp is the common standard deviation.

Reaction Near-symmetric Super-asymmetric
Wpeakl Wpeakz OMR Ref. Wpeukl Wpeakz OMR Ref.
48Ca +2%pu 0470 0.527 0.026  This work  0.266 0.734 0.018  This work
48Ca + 2%py  0.463 0.537 0017  [48,49] - - - -
50Tj + 238y 0.469 0.531 0018  [48,49] 0.269 0.745 0.018  Estimation (see text)
S4cr+ 282Th - 0472 0.528 0019  [48,49] 0.271 0.750 0.018  Estimation (see text)
3.6. Determination of fusion-fission cross sections o and the upper 100
limits F-@- %Ca+2%pu O %8Ca+ 2%py ref. [17] (a)
[ A~ 50Ti + 238y A 8Ti + 238U ref. [18]
. . . . M- 5%Cr + 232Th
A finite yield of near-symmetric fission was returned from the 10-1

fits of backward angle My distributions at all energies for 48Ca +
244py. For the other reactions [68], more often upper limits (dot-
ted Gaussians) were obtained. The fusion-fission cross sections ogp
and the upper limits were deduced from the area under the fitted
Gaussians extrapolated to the whole angular range taking a con-
stant dofr/d9, consistent with 48Ca + 208Pb measurement shown
in Figs. 1(a),(g). The off errors were estimated using the fitting er-
rors of the Gaussian weights. Some of the fits returned zero weight
for the fusion-fission component. Upper limits were determined in
those cases conservatively [75] by the “over-dispersion” criterion
X% = X2 * X2nIn where x2, x2.. n are the chi-squared over
the full fit region, the minimum chi-squared, and number of de-
grees of freedom. Values of anﬂ.n /n were typically 3.

3.7. Determination of compound nucleus formation probability Pcy

Pcn values for each reaction, energy, and fission mass distribu-
tion were determined using the expression Pcy = Off /0cqp. Values
of o¢qp were determined from do /d6. ;. of all fission events with
0.5 < Mg <0.75 [see Fig.1(h)], extrapolated to 0° and 180° using
the quasifission simulation. These o¢qp do not include very mass-
asymmetric quasifission or deep-inelastic events which lie outside
the selected M range [22]. Their interpretation will be published
elsewhere [76].

Pcn values for near-symmetric and super-asymmetric fusion-
fission are presented by filled points in Fig. 4(a) and (b) respec-
tively. Since the fusion-fission component is a small fraction of the
total, the experimental fit uncertainties (error bars) can be very
large. For those fits returning ogr = 0 (Pcy = 0), for visibility the
data points have been plotted on the x-axis, at Pcy=10"%. Pcy
values with error bars inconsistent with zero are highlighted with
a “halo” around the data point.

For near-symmetric fission [Fig. 4(a)], the fits for 48Ca + 2#4Pu
returned Pcy (filled circles) values of typically 10~2, with error
bars inconsistent with zero. The sensitivity of the extracted Pcy
values to the width of the Gaussians used in the fitting process
was evaluated by using those calculated in Ref. [48] (see Table 1).
The Pcy values shift by less than the symbol size [68].

The (upper limit) Pcy values from previous work [17], ex-
tracted from measured fragment mass-total kinetic energy (TKE)
distributions in the angular region around 90°, are shown by
the open red circles. The current values (brown filled circles),
though consistent with the previous values taken as upper lim-
its [17], are lower typically by a factor of 5. The extracted Pcy
values would be even lower if the experimental o also included
very mass-asymmetric quasifission events outside the selected Mg
range of 0.5 - 0.75. If local shell structures enhanced the quasifis-
sion [77-81] yield in the same mass region as the fusion-fission,
this would also reduce the extracted fusion-fission yield. For these
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Fig. 4. Compound nucleus formation probability Pcy vs. E* for the 48Ca + 244Py, *°Ti
+ 238 and 34Cr + 232Th reactions for (a) near-symmetric and (b) super-asymmetric
fission. For visibility, fitted values of Pcy= 0 are plotted on the x-axis at 10~%. Pcy
values with error bars inconsistent with zero are highlighted by “halos”. Previous
Pcn values from Refs. [17,18] are also shown.

reasons the Pcy values determined in this work should be con-
sidered upper limits. Using the back angle mass distributions has
allowed this limit to be reduced by a factor of 5 compared to pre-
vious work [17].

For 5°Ti + 238(, the Pcy values for the near-symmetric mode
[blue filled triangles in Fig. 4(a)] show more scatter, and are lower
than for #Ca at all E*. They are also significantly lower on av-
erage than the previously determined upper limits [18] for 48Ti +
238(J, shown by open triangles in Fig. 4(a). For **Cr + 232Th, all the
extracted Pcy values are consistent with zero. These findings are
consistent with the expectations that Pcy values decrease with in-
creasing target-projectile charge products.

For the super-asymmetric results shown in Fig. 4(b), only four
Pcy values are inconsistent with zero, and show larger fluctu-
ations compared with the Pcy values for the symmetric mode
[Fig. 4(a)]. This is likely to be because the simulations of the fast
quasifission yield (Fig. 2 third row) fail to match experiment in the
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most sensitive region of low quasifission yield. Inclusion of addi-
tional physical effects in the simulation (such as sequential fission)
should improve the model. Experimentally, the low yield of either
heavy or light fast quasifission fragments at backward angles re-
sults in much better sensitivity to super-asymmetric fission than
for measurements closer to 6., = 90°. This offers opportunities
to search for super asymmetric fission though the combination of
higher statistics data and improved quasi-fission simulations par-
ticularly in the mass-asymmetric region.

4. Conclusion

In summary, extensive measurements of mass and angular dis-
tributions from 20° to 160° have been made for fission-like out-
comes in the 48Ca + 244py, *OTi + 238U, and *4Cr + 232Th reactions
forming isotopes of flerovium (Z=114). The dominant fast quasi-
fission process, which masks the presence of fusion-fission, has
minimum yield at angles far from 90° to the beam axis. Mea-
surements at these angles therefore give the highest sensitivity to
fusion-fission, and forms the basis of the new method of determin-
ing fusion-fission yields presented here. Fitting the backward angle
mass distributions with a simulated quasifission and fusion-fission
component allowed access to the fusion-fission cross sections. Ev-
idence for the presence of super asymmetric fusion-fission is very
weak. On the other hand, the fits consistently required a contri-
bution of near-symmetric fusion-fission of ~ 1% for the “8Ca +
244py reaction. Though still considered an upper limit, the fusion
probability Pcy of < 1072 is ~5 times lower than previous (up-
per limit) Pcy values [17]. For the 3CTi + 238U reaction, Pcy is
significantly lower, whilst no evidence of fusion-fission is seen for
the >4Cr + 232Th reaction. This work demonstrates that high levels
of sensitivity to fusion-fission can be achieved from high-statistics
measurements of mass distributions at backward angles, close to
the beam axis. This opens up a new experimental approach to
determine Pcy, and the SHN fission mass distribution, advancing
understanding of the reaction mechanisms in heavy elements syn-
thesis.
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