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Fission mode identification in the *°*Hg region: derivative analysis approach

K. M. Deby Treasa,* 1. Tsekhanovich, and F. Guezet
University of Bordeaur, CNRS, LP2I Bordeauzx, UMR 5797, Gradignan, F-33170, France

A. Andreyev
Department of Physics, University of York, York Y010 5DD, UK

K. Nishio
Advanced Science Research Center, JAEA, Tokai, Ibaraki 319-1195, Japan

Background: Experimental setups commonly used to study fission properties of nuclei in the exotic neutron-
deficient ¥°Hg region are based on the time-of-flight technique for the fission-product identification. In best cases,
the obtained fragments mass (FFMD) and total kinetic energy (TKE) resolution does not exceed 2 u and 6 MeV,
respectively. In addition, the nuclei of interest are created via fusion reactions and at excitation energies of several
tens of MeV. The deduced final fission-fragment mass distributions are therefore in general structureless, which
makes the identification of fission modes, and their weight determination, ambiguous and author-dependent.

Purpose: To develop a robust analysis approach aiming at identification of number of major fission modes in
the fission-fragment mass distributions from fusion-fission reactions.

Method: We use the GEF code to simulate the FFMD - TKE data for a classical actinide nucleus (**°Pu)
considered at different excitation energies, as well as we construct FFMDs with different compositions for a
hypothetical A=180 nucleus. The influence of the excitation energy and of the experimental mass resolution are
investigated by the ability of the direct FFMD and FFMD-TKE fit to reproduce the input data parameters. The
1°¢ and the 2"? derivatives calculated from the simulated and resolution-affected FFMD data are analysed in
terms of the presence of extrema and inspected with respect to the initial data reproduction when fitted with the
appropriate fit functions.

Results: The resolution effect is found to broaden the simulated FFMD and TKE data, as well as to smear
structures in the 1% and 2" derivatives thus limiting the sensitivity of the method to a few per-cent level in the
fission-mode weight. Direct fit of the resolution-affected FFMD and FFMD-TKE data is found to be unable to find
the asymmetric-mode positions nor to reproduce the modes weights in both 2*°Pu and A=180 nuclei, especially
if the used fit-function composition does not correspond to the input data. The fission-modes characteristic
TKE values are also not reproduced in a non-constrained fit. In contrario, the simulated data could be safely
reproduced with fit functions constructed with help of the 2" derivative curves, the detected minima being the
signature of number of fission modes detectable in the resolution-affected data. The power of the used method is
demonstrated with a set of fusion-fission data for the *Hg nucleus.

Conclusions: The derivative analysis if applied to the simulated limited-resolution data appears to provide
consistent results on the fission-mode parameters, such as positions and widths, even for the cases of strong
dominance by the symmetric mode, i.e. for Gaussian-like FFMD shapes. The method is shown to work also on
data sets with limited statistics (real experimental data with integral of a few tens of thousands of events); the
use of several derivative-window lengths is strongly recommended for more reliable identification of the number
of extrema and their positions.

INTRODUCTION be driven by the nucleon pairing and shell effects. The
latest theoretical works refer to the octupole deformation

of fragments with atomic numbers Z = 52 and 56 [2, 3]

The process of nuclear fission, i.e. the splitting of a
single nucleus into several fragments, remains one of the
least comprehended fundamental phenomena in nuclear
physics. Although the macroscopic Liquid Drop Model
(LDM) could quantitatively explain the phenomenon of
fission straight after its discovery in 1938 [1], its full un-
derstanding is yet to be achieved. The historical obser-
vation of unequal mass split in 236U, known today as
the asymmetric-fission mode (A mode), has been con-
firmed in various experiments with different actinide nu-
clei [1]. This A mode produces a double-humped fission-
fragment mass distribution (FFMD) and is understood to
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as responsible for the major mass-asymmetric splits in
fission of actinide nuclei. In contrast, the symmetric-
fission mode (S mode) produces fragments with com-
parable masses and thus the relevant FFMD exhibits a
Gaussian-like shape. The other global difference between
the A and S modes is the characteristic values of the to-
tal kinetic energy (TKE) of fission products known to be
lower for the S mode than for the A-mode. This differ-
ence is understood as the consequence of more elongated
fission configuration at scission point.

Actinide nuclei are known to exhibit both modes, with
their relative contributions to the FFMDs governed by
the excitation energy (E*) [4]. The dominance of the S
mode in the FFMDs from fission of nuclei with A<226
established experimentally in the sub-lead region, cf. [5],



gave the reason to interpolate the same S-mode domi-
nance also to the sub-lead region. However, the double-
humped FFMD obtained in a 8-delayed fission (8DF) of
very neutron-deficient '89Hg (E*<10 MeV) had strongly
challenged this expectation [6]. From a series of subse-
quently conducted experiments and theory works, it is
now firmly established that the mass-asymmetric fission
is not a property unique to ®°Hg but is relevant to a
wide range of nuclei around it, cf. Refs. [7-23].

Unlike the actinide region, nuclei in the vicinity of
180Hg are short-lived and can be produced in quantities
sufficient for fission studies nearly exclusively by fusion
technique. Here, the low mass asymmetry between fis-
sion fragments (~20 u, contrary to ~40 u in actinides,
cf. [6]), along with a non-perfect fission-fragment mass
identification and high E* of fissioning nuclei inherent in
fusion-fission reactions, introduce serious difficulties in
the FFMD content determination.

In the sub-lead region, the identification of fission
modes, along with the determination of their relative
weight in the measured data, is typically reliant on the
fit function employed to reproduce experimental FFMD
and TKE distributions. This makes the obtained results
highly author dependent: absence of any known promi-
nent structures in the relevant data makes the choice
of the used fit function composition debatable. For in-
stance, in Refs. [7, 9, 16], the FFMDs were described
with a sum of 2-Gaussian (2G) functions centred at com-
plementary fragment masses, and the symmetric-fission
mode was not considered. Two fission-mode analysis (3G
fit) of FFMDs was used, i.e., for 18Pt [11, 13] and Bi iso-
topes [24], whereas a 5G and/or 7G fit was implemented
for analysis of the FFMDs from fission of 180:182,183Hg
178pt, and 82192PDb [8, 12]. The 5G description of the
data was recently extended to two dimensions, which al-
lowed for simultaneous fitting of the mass-TKE matrix
[18]. In the cited cases, the authors rely on the obtained
x? value to justify the composition of the used fit func-
tion. However, the quality of data description comes in-
line with the complexity of the used fit function, the lat-
ter having no obvious link to the underlying physics. In
addition, none of the works published so far accounts for
the impact of the non-perfect experimental resolution on
the obtained results.

This paper addresses the outlined problem of the
fission-mode identification in the FFMD and TKE data
from fission of nuclei from the pre-lead region. We use a
set of simulated data to show the effect of limited mass
resolution on the capability of the fission-mode detection
and identification of their properties made with help of
a classical functional-analysis approach based on the sec-
ond derivative behaviour. The applicability limits of the
used method are indicated. Its power is demonstrated
with a set of fusion-fission data for the '®9Hg nucleus
taken from [7].

FFMD AND TKE DATA ANALYSIS
METHODOLOGY

In order to understand the impact of non-perfect mass
and energy resolution on the determination of the FFMD
and TKE data composition, a set of data with a priori
known composition is required. Such data can be sim-
ulated with the desired content in terms of the fission
modes number and properties (position, width and am-
plitude).

The simulated one- and two-dimensional data (FFMD
and mass-TKE distributions, respectively) are convo-
luted with experimental resolution values of 2 and 4 u
for the mass and 6 and 8 MeV for the TKE, which are
the values most frequently cited in the fusion-fission pa-
pers in the region around '8°Hg.

As a next step, the 1* and 2"? derivatives are calcu-
lated from the simulated data sets. The derivative data
are then analysed with a set of Gaussian functions f;(A)
describing individual FFMD components as indicated in
the following equation :

f(A)=FFMD" =" f;(;)

Here, the functions f (A) and f(A) are composed of
i components relevant to each peak in the correspond-
ing fission mode, with B;, 04, and A; being the mode
amplitude, width and peak position in the FFMD, re-
spectively. The number of Gaussians to use is given by
the number i of minima identified in the 2"? derivative
data. For example, :=5 would signify five components in
the FFMD, one for the S-mode, two for the first A-mode
(A1) and further two for the second A-mode (A2). The
term f;(A) describing the S- and A-mode components in
the FFMD is present in all the three expressions of eq.1.
This means that, once the composition of the fit function
is determined, the FFMD composition can be obtained
from the fit made on any data set (FFMD, 1% or 27¢
derivative).

However, it appears that the use of Eq.1 with com-
pletely uncorrelated and unconstrained parameters may
provide good overall data description in terms of x? but
gives meaningless results for fission modes: the S-mode
position may appear anywhere in the FFMD or non-
identical integral area obtained for the same A-mode
components. Therefore, it is recommended to fix the S-
mode position at A% and to demand identical widths,
amplitudes as well as displacement from the S-mode po-
sition for the same A-mode components.

The derivative approach cannot be directly applied to
the correlated mass-TKE data. These data are analysed



with a set of two-dimensional Gaussian functions, with
the number of components 7 equal to the number of min-
ima found in the second-derivative analysis of the FEFMD:

A-T)°

(TKE - TKE;)"

(

f(A,TKE) = Z B exp 207, 2T
(2)
The feasibility of the proposed method for extracting
fission modes is tested with two nuclei with a a priori
known FFMD composition: i) ?4°Pu, for which, in ad-
dition to the FFMD, the correlated mass-TKE data set
can be obtained at various excitation energies using the
GEF code [25], and ii) a hypothetical light nucleus with
a A=180 u whose FFMD is created by combining differ-
ent number of fission modes, each with different weight.
Finally, the second derivative method is applied for anal-

ysis of real data from fusion-fission of 18°Hg [7].

RESULTS

Simulated data: 2‘°Pu. The FFMD of a nucleus
in the classical actinide region can be best described by
using one S-fission and three A-fission modes; here, they
are denoted using the Brosa nomenclature [26] as SL and
S51-53, correspondingly. Each mode is characterised by
its position in the FFMD relevant to its origin, by its spe-
cific characteristic average TKE (T'KE) relevant to the
scission configuration, and by its relative weight W indi-
cating the mode importance in the considered FFMD.

Fig. 1 shows the impact of the limited resolution on the
simulated FFMD and mass-TKE. Its major effect is a sig-
nificant broadening of the FFMD and TKE distributions,
which fills in the symmetry and lowers the peak-to-valley
ratio.

A sliding window on the FFMDs data is used to obtain
the 1°¢ and the 2" derivative data sets, cf. middle col-
umn of Fig. 1 for the resolution effect on the 2"¢ deriva-
tive results. Presence of 7 minima is clearly seen in the
initial data set. This number determines composition of
the fit function in Eq.1 and implies presence of one S-
mode and of three A-modes in the considered FFMD, in
accordance with the input data.

From the one- (1D) and two-dimensional (2D) fitting
made with the 7G fit function on the simulated and reso-
lution affected data, the corresponding weights W of the
S- and A-modes are obtained and can further be com-
pared with the input data. Table I demonstrates this sort
of comparison, for a set of excitation energies and for sev-
eral important fit parameters and results. The following
can be stated:

e For the range of considered E*, direct FFMD fit
does not reproduce the modes positions nor their
weights, the disagreement with input data being
stronger for the resolution-affected data. The ma-
jor striking feature here is the suppression of the
S L-mode, in favour of the S1-mode.

e In general, free fit on the 2"¢ derivative correctly
reproduces the major mode positions and weights,
despite the non-perfect mass resolution.

e Positions of minor fission modes are less satisfac-
tory reproduced in the 2% derivative analysis, as
seen on example of S3, for which the depth of the
minima (at A=88/152 u, W=6% at E*=10 MeV)
is strongly affected by the decreasing resolution, cf.
middle panel of Fig. 1. With the increasing E*, the
S3-mode weight drops below 1% which makes it be
hardly detectable even at perfect resolution.

e The 2D free fit fails to reproduce the TKE and W
data for both S and A modes. Using the 2"¢ deriva-
tive minima to fix the modes positions in the 2D fit
function (results not shown in Table I) helps in the
TKE determination but does not deliver correct
W values.

It is worth noting that the simulated data exhibit high
statistical precision (> 10%), allowing for determination
of W with uncertainty below 1%. We also stress that
both the 1D and 2D fits are sensitive to the specified fit
boundaries, as also emphasized in Ref. [18]. The associ-
ated uncertainty can be gauged by varying the boundary
conditions, revealing the value surpassing the statistical
one by a factor of 4. Consequently, an overall uncertainty
of approximately 4% can be assigned to the 1D and 2D
W values in Table I.

Simulated data: A=180. The FFMD of this hypo-
thetical nucleus can be simulated by assuming different
S and A mode combinations. In the simulation, we focus
on the two selected combinations: one S plus one A mode
and one S plus two A modes, the A modes displaced by
10 and 24 u with respect to the centroid A% = 90.

The simulated data address the FFMD shapes com-
monly observed in fusion-fission reactions in the sub-lead
region; the input data on fission modes are summarized
in Table II. The point of interest here is to make analysis
of the resolution-affected FFMD displayed in Fig.2 along
with the individual mode components. The 1°¢ and 2™¢
derivative data obtained from the initial and resolution-
affected FFMDs are shown in the columns 2 and 3 of
Fig.2, respectively.

As in case of 24°Pu, the resolution effect manifests as
a flattening of structural features in the FFMD and its
derivative data sets. The right column of Fig.2 demon-
strates the power of the 2"¢ derivative analysis: it ap-
pears possible to identify the presence of A modes in the
non-structured FFMDs with single-Gaussian-like shapes,
cf. panels (f,1). In these extreme cases, the presence of
the A1 mode is evidenced either by a shallow minimum
at the A% or by a kink in the slopes, if compared to the
pure S-mode derivative from panel (0). The Al mode
position can in this case be obtained from the fit of the
274 derivative data, whereas for more structured FFMDs
(panel (¢)) it can be read by eye. Panels (jk,1) illustrate
the sensibility of the method to detect the A2 contribu-
tion to the FFMD, which is kept here on the detection
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FIG. 1. FFMDs (left column) and their 2"¢ derivatives (middle column) for ?*°Pu at two different excitation energies: E* = 10
MeV (upper raw), and E* = 50 MeV (lower raw). Black, blue and red lines depict, correspondingly, the simulated and
the 2u- and 4u-resolution affected data sets. The FFMD components are relevant to the fit of the simulated data set (red
line) made with free (dotted lines) or constrained (dashed lines) fit function parameters. SL/S1/S2/S3 mode is shown in
blue/magenta/green/brown. The right column displays the mass-TKE matrices for E* = 10 MeV : simulated (c) and resolution-
broadened data ((f), resolution 4 u for mass and 6 MeV for TKE). Here, red contour lines represent the resultant 2D fit with

function from Eq.2.

limit. The minimum visible at A~66 in panel (1) is ex-
pected to become flatter or be completely blurred if the
data are measured with resolution worse than 2 u, similar
to the S3 mode in Fig.1(b). Finally, the presence of the
Al-mode in the FFMDs with the complete S-mode dom-
inance (90% or higher, cf. panel (g)) cannot be identified
from the resolution-affected data, as shown in panel (i).

The 3G and 5G fit functions were used to fit the
resolution-affected FFMDs from Table II, along with
their 1% and 2" derivatives. For each fit, the S mode
position was kept fixed at 90 u, whereas the A modes pa-
rameters were kept free but identical for each particular
A mode. Table IT compares the obtained results with the
input data.

e Similar to the 24°Pu case, free direct FFMD fitting
is found unable to reproduce the resolution-affected
data (modes positions and weights), the agreement
being however better for the less complex FFMD
composition (S+A1 or 3G).

e Second derivative fit is found generally able to
identify the composition of the resolution-affected
FFMDs. The mode positions correspond to the
minima location on the mass axis, their values
can be safely obtained from the corresponding fit
function. This works even is the case of FFMDs
strongly dominated by the S mode, cf. Fig.2(i,l).

e Globally, the 1%¢ derivative fit results are found to

deliver similar results for the modes parameters and
weights, as the 2" derivative fit.

Real data: '®°Hg. This part demonstrates the use of
the derivative approach for the analysis of real data from
the study [7] which was the first one, after the asymmetric
fission discovery of 18°Hg at ISOLDE [6], to use fusion-
fission reactions for fission studies in the '®°Hg region. It
is stated in [7] that the resulting FFMDs ” could be well
reproduced with a single asymmetric fission mode”.

Fig.3 shows the '8'Hg FFMD data (right column) from
[7] analysed for minima in the 2"¢ derivative curves (left
column) for the cases with best statistics (E*=33.4 - 47.8
MeV). The FFMDs have then been fitted with the 3G
fit function whose composition was determined from the
identified minima in the 2"¢ derivative data. The fits
were done with both free and fixed position of the A
mode, cf. Table III for the results. In general, inspection
of the the data and the fit results presented in Fig.3 al-
lows for the following observations and conclusions to be
made:

e True experimental FFMDs are limited in statistics
and show scattering of data around a smooth shape.
This scattering affects the 2"¢ derivative curve but
can be minimised with the choice of the derivative
window length, cf. panels (b,d), (f,h) and (j,1).

e Two dip minima are found to be present at all E*
energies, their positions do not change with E* and



TABLE 1. *°Pu : Fission-mode characteristics (weight W, light-fragment peak position Ay and average total kinetic energy
TKE) as given by GEF at different excitation energies E* and as found in the FFMD (1D), FFMD-TKE (2D) and the 2"-
derivative analysis of the initial (n/ R) and resolution-corrected data (w/ R, experimental mass and energy resolution 2 u and
6 MeV, respectively). x? is the data description quality. The units are % for W, u for Ay and MeV for E* and TKE.

Input data n/ R w/ R
E* Mode 1D 1D Second derivative 2D
W AL TKE W AL X2 W AL X2 W AL X2 W AL TKE X2
10 SL 3.0 120.0 165(4)| 1.3 120.5 5.74] 1.1 120.0 1.12 1.7 119.6 1.77 2.5 119.9 155.0 13.8
S1 20.2 106.9 189(4)| 22.0 107.2 21.0 106.7 22.3 106.6 52.1 104.8 184.7
S2 | 69.8 99.6 177(4)| 73.5 99.8 75.0 99.4 73.0 99.0 1.8 110.0 167.0
S3 6.0 88.8 162(5)| 3.1 88.0 2.8 874 2.9 87.4 43.6 959 170.0
30 SL 64.8 119.7 171(6)| 95.6 120.5 1.53| 81.5 120.0 0.98 75(14) 119.7 1.33 27.2 120.1 163.1 0.93
S1 3.7 1069 189(4)| 0.3 1155 5.4 116.5 2.4(24) 104.0 55.6 113.3 179.1
S2 30.4 99.2 178(3) 3.7 101.3 11.5 104.4 12.5(35) 100.0 7.3 90.2 165.0
S3 1.1 879 163(3)| 0.4 90.6 1.6 96.5 9.6(29) 80.8 9.9 99.6 170.0
50 SL 85.4 118.8 173(3)| 23.2 119.3 7.18| 19.5 118.8 5.27 83.6(23) 118.8 1.39 41.3 119.6 1729 1.59
S1 1.1 105.7 189(3)| 63.8 112.2 66.3 112.6 0.5(2) 105.2 19.4 110.7 183.7
S2 13.2 98.3 179(5) 13.0 99.1 13.8 994 15.2(9) 98.1 29.1 102.7 170.6
S3 0.3 87.4 164(3)| 0.01 91.1 0.3 93.8 0.8(3) 92.0 10.3 99.4 1574
70 SL 92.9 117.9 174(4)| 21.5 1184 3.30| 15.9 117.9 2.20 94.0(33) 118.2 1.63 0.1 1184 166.6 1.16
S1 0.6 104.8 190(3)| 74.0 111.3 79.2 109.3 0.3(1) 104.7 81.5 110.0 175.8
S2 6.4 97.3 180(3)| 44 97.1 3.6 96.6 4.4(5) 97.0 10.6 95.6 173.6
S3 0.1 86.3 164(3)| 0.02 90.0 1.3 79.3 1.3(23) 81.0 7.8 92.0 159.8
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and blue lines in panel (c) are respectively the S, A1 and A2 mode components from the free parameter fit. Two bottom
rows: pure S and pure A mode FFMDs and their 1st and 2nd derivatives.



TABLE II. A = 180: Direct FFMD and derivative analysis, FFMDs simulated with different contributions from 2 or 3 fission
modes and convoluted with 2 u of resolution. S, A1 and A2 are the symmetric and two asymmetric modes, W (in %) denoting
their weight. Ar and o, in units of u, refer to the light-fragment position and width of fission modes.

Input data Fit function: 3 Gauss Fit function: 5 Gauss
Mode FFMD /first /second derivative fit results FFMD fit results

w Ar oP w Ar o x2 w Ar o X2
S 65.2 90 15 66/67/73 90 15.1/15.1/15.1  1.03/0.88/1.20| 68.8 90 14.9 0.90
Al 34.8 80 8 34/33/27  80.0/80.0/80.0 8.2 /8.3 /8.1 30.8 79.8 8.1
A2 — — — 0.4 68.3 12.7
S 82.9 90 16 66/66/66 90 15.1/15.2/15.2  0.86/0.72/1.02| 65.3 90 15.6 0.89
Al 171 80 85| 34/34/34 80.0/80.0/80.0 8.2 /8.3 /8.3 26.6 80.7 9.2
A2 — — — 8.1 72.0 13.3
S 914 90 16.5| 91/91/92 90 16.6/16.7/16.8  0.85/0.84/1.34| 59.4 90 14.8 0.91
Al 8.6 80 9 9/9/8 80.0/80.0/80.0 9.2 /9.2 /9.1 34.8 794 113
A2 — — — 5.8 61.7 11.5
S 84.0 90 16.5| 68/66/66 90 16.7/16.9/18.1  1.1/0.96/1.42 | 30.4 90 18.0 0.80
Al || 114 80 85| 32/34/34 78.7/79.1/80.1  12.8/12.7/12 579 816 105
A2 4.6 66 8.5 — — — 11.7 66.3 10.1

b Accounts for experimental resolution of 2 u

TABLE III. '®°Hg: Fission-mode weight W (%), position Ay,
(u) and width o (u) from the FFMD fit with a 3-Gaussian
fit function with free and constrained A-mode peak positions.
x? is the corresponding fit quality. E* data from [7].
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90.0 19(2)
78.9(1) 9.3(2)

1.59]42(3) 90.0 15.4(1) 1.64

78.0 8.5(1)

39.8

S 90.0 14.7(2) 0.88[52(6) 90.0 15.6(3) 1.15

78.0 8.3(3)

47.8

S
Al

90.0 16.2(1) 4.23]51
75.8(4) 7.7(3)

90.0 17.0(1) 4.79
78.0 9.4(1)

0(7
8
3(4
2
4
2

NN RN NN
NN b Nal” N AN’

10(
90( (3
83( (6
A1)|17(2) 73.8(5) 5.1(5) 48(6
1( (3
23( 3

can be read directly from panels (b,d) and (j,1).
Presence of the S mode in the FFMDs is evidenced
by the minimum at A=90 for F*=33.4 and 47.8
MeV, it can be guessed for £*=39.8 MeV, by mak-
ing comparison with shapes (o,r) of Fig.2. With no
other minima to be clearly present, the fit function
of eq.1 should then be composed of three Gaussians.

The FFMD data fit with free A-mode parameters
shows an irregular drift of the mode position, as
well as irregular change in width, with E*, cf. Ta-
ble III for numerical values, in contrast to the 27¢
derivative data (cf. panels (b,d) and (j,1)).

FFMD fit with fixed A-mode positions does not
lead to the loss of accuracy in the data description,
cf. reduced x? values in Table III. The obtained A-
and S-mode weights show a small gradual change
with E* which seems reasonable taken into account
the change of less than 10 MeV in the effective ex-
citation energy of the nucleus [7].
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FIG. 3. 8°Hg: Experimental FFMDs for three beam energies
from [7] and their derivatives calculated with window length
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e, i) and (c, g, k) display, respectively, the individual mode
components obtained from the FFMD fit with free and fixed
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Blue/green lines indicate the S/A-

mode components, red line describes the FFMD in total. The
mass resolution was 2.4 u [7].



CONCLUSIONS

The problem has been addressed of the fission-mode
identification in the FFMD ans TKE data obtained in
experiments with resolution on the level of several u and
MeV, respectively. The resolution effect has been in-
vestigated, as a function of excitation energy, on exam-
ple of two nuclei with extreme properties: a typical ac-
tinide nucleus with a well-structured FFMD (?4°Pu) and
a hypothetical A=180 nucleus with a single-Gaussian-like
FFMD shape. In general, the resolution effect smears the
structures and broadens the FFMD and TKE data thus
making fission modes with contribution on a few percent
level difficult to detect.

It has been shown that the free FFMD fit is unable
to correctly reproduce the input data on the mode po-
sitions and weights. More precisely, the A modes are
found to shift from their true positions, the shift found
to correlate with the mode weight and nucleus excitation
energy (larger for higher excitation energies and for mi-
nor A modes). The wrong mode position determination
leads to an underestimated contribution of the S mode,
on expense of the closes A1 mode. In addition, the 2D fit
of the FFMD-TKE matrix is found to fail in the deter-
mination of TK F of fission modes, the disagreement can
be as large as 10 MeV even for dominant fission modes.
This failure can be explained by the presence of multi-
tude of local minima on the mass-TKE surface, whereas
the shift of the mode positions is likely to assign to the
fit algorithm aimed at the best data description.

Moreover, the FFMD analysis of hypothetical A=180
nucleus affected by 2 u resolution and tested for the direct
fit with 3G and 5G fit functions makes it evident that not

knowing a priori the fit function composition may lead
to a wrong physics result: increase of the A-mode con-
tribution with increasing excitation energy. This finding
stresses on the importance of having measurements done
at several excitation energies.

Simple counting of number of extrema in the 27¢
derivative data is shown to be able to resolve the ambigu-
ity in the determination of the FFMD fit function compo-
sition. The fit function determined this way can be used
directly on the 1"? and/or 2"? derivative data, in order
to obtain the fission-modes parameters (positions, am-
plitude and width) and, consequently, the fission-mode
weight. Note that the best precision on the fit parame-
ters is achieved if the fit function is used (or re-used, if
the exact mode positions are required) directly with the
FFMD data. If applied to a real experimental data set
(*8Hg from Ref. [7]), the 2"¢ derivative shows itself ca-
pable of detecting — in a simple and undoubted way —
the presence of both S and A modes in the FFMD data,
even in the case of modest statistics (on the level of a few
thousands of events, cf. E*=39.8 MeV in Fig.3). The A-
mode weight obtained for the '®°Hg FFMDs with the
fixed A-mode position follows expectations for the grow-
ing excitation energy, contrary to the free-parameter fit,
which adds to the credibility of the used analysis tech-
nique.
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