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Measurements of level lifetimes and the extracted transition probabilities are one of the cornerstones of nuclear
structure physics. The reduced transition probabilities, B(z4;J; — J,) yield information about the structure,
wavefunctions, and matrix elements of excited states connected by electromagnetic transitions in a given nucleus.
The arsenal of techniques for measuring lifetimes continues to expand and presently includes a wide range
of values from femtoseconds to microseconds. While lifetime measurement techniques vary, the extraction of
transition probabilities remains the same. RULER is the program used by the National Nuclear Data Center
(NNDC) and ENDSF evaluations, while TRANSNUCLEAR was developed at the University of Cologne and modified
by a variety of groups. This paper presents a new program TROPIC (TRansitiOn Probabllity Calculator), which
is the most modern and efficient way to extract transition probabilities B(xA). TROPIC is a program written in
Python 3 with the NumPy and SciPy libraries. This is in line with the advances that ENSDF and NNDC are making
in moving away from the 80-character card punch input formats. Several design features were implemented to
provide a streamlined process for the user and mitigate drawbacks that were present in other programs. The results
from TROPIC have been compared with TRANSNUCLEAR and RULER. The answers are as expected identical, but
the investment of input to output time is significantly reduced. TROPIC will be made available for public domain
use, along with a user guide and example files.

Program summary

Program Title: TROPIC

CPC Library link to program files: https://doi.org/10.17632/958ygp2sb4.1

Developer’s repository link: https://github.com/ND-fIREBall/TROPIC

Licensing provisions: GPLv3

Programming language: Python 3

Nature of problem: An efficient way to calculate multiple reduced transition probabilities with minimal effort
invested from the user.

Solution method: A Python 3 script has been developed to read in a CSV file containing all necessary input
parameters, calculate the transition probabilities listed in the CSV file, and export the results in three different
output formats.

1. Introduction

The nucleus is a quantum many body system held together by the
strong force. The interactions of the nucleons within the dimensions of
the nucleus and the short range of the strong force can result in simple
patterns of excited states with lifetimes as short as 10~2* s to hours or
even years. One way to understand the nature and relationships of the
emergent patterns is by the determinations of electromagnetic transition
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probabilities from measurements of level lifetimes, multipolarities, y-
ray intensities, and conversion coefficients.

Lifetime measurements and the extracted transition probabilities
yield information about the relationships between states in a given nu-
cleus. They allow the building and characterization of states in terms
of rotational, vibrational, or single particle strengths. The lifetimes of
excited states can span a wide range in time and therefore necessitates
the implementation and use of a variety of techniques that enable ac-
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Fig. 1. Lifetime measurement techniques as a function of the associated range
in time [1,2].

cess to a given range of time. Fig. 1 shows the experimental methods
that have been developed, as a function of accessible level lifetimes,
spanning a range in time from 107! to 1076 s [1]. The Recoil Distance
Doppler Shift, Coulomb Excitation, and Electronic Timing methods rely
on fast-timing to measure multiple y-ray and/or particle coincidences
to directly obtain the lifetimes of states. In contrast, the Proton Reso-
nance, Nuclear Resonance Flourescence (NRF), and Channel Blocking
methods allow the measurements of the partial/total Lorentzian en-
ergy width (I'), from which the lifetime can be extracted. The Doppler
Shift Attenuation Method (DSAM) allows the measurement of a unique
lifetime-dependent factor from which the level lifetime is obtained. The
Gamma-Ray Induced Doppler broadening (GRID) technique [2,3] mea-
sures the Doppler broadening of de-exciting y rays emitted after neutron
capture.

Nuclear states can be expressed as eigen wavefunctions of a nuclear
force Hamiltonian which are perturbed by the weak and electromag-
netic forces. The transition probability (W) is then proportional to the
transition matrix element squared connecting the states. The exact rela-
tion is obtained by solving the time-dependent perturbed Hamiltonian,
which leads to Fermi’s Golden Rule:

W= 2y 11 1) ot E ) )

where y; and y, are the wave functions representing the initial and
final states, H' is the perturbation, and p(E 7) is the density of final
states.

Below an excitation energy of approximately 10 MeV, the dominant
mode of de-excitation is by the emission of y rays. The transition prob-
ability for this de-excitation mode can be expressed as:

_ 8z (A+1) (ﬂ
TR A[QA+ DR\ he

where B(z4;J; — J) is the reduced transition probability, related to
the reduced matrix element of the multipole operator, O, (7 4):
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Given that W is also related to the lifetime (z) of the initial state and
the branching ratio (BR) of the transition, Equation (2) can be rewritten
as:

Bz J; > Jp)= )
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where « is the internal conversion coefficient which is strongly energy
dependent. G(r4) is the numerical value of the elementary charge ¢?
for EA transitions or the nuclear magneton /412\[ for M A transitions to
account for the dimensions of B(xA). F(xA) is a quantity dependent on
the multipole mixing ratio 6 for the 7(4 + 1)/z A components. For pure
transitions, F(z4) is 1 while for mixed transitions, it is defined by the
expression:
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B(z 4) values yield information about the structure, wave functions, and
matrix elements of excited states connected by electromagnetic transi-
tions in a given nucleus. Equation (4) shows that the lifetime of the
initial excited state, the relative intensities of the y-rays depopulating
that state, the multipolarity of the transition, and the conversion co-
efficients of those transitions are important ingredients in calculating
transition probabilities.

There are two codes used by the general nuclear science public for
calculating B(z4) values. The Perl program, TRANSNUCLEAR [4], was
developed at the University of Cologne. The National Nuclear Data Cen-
ter developed and uses RULER [5], a program originally written in
Fortran, but recently converted to Java, as part of its ENSDF Analysis
and Utility Programs. Both of these programs provide accurate results
and have been used for decades. They implemented the best program-
ming tools of the times, but today, they have drawbacks and limitations.
TRANSNUCLEAR only calculates probabilities for a single level at a
time. It also requires the user to input the information for every transi-
tion from a level via prompts on a terminal. Any typographical errors
require the user to restart the program and re-input all values from the
beginning. RULER mitigates some of these issues by utilizing an input
file. The user is able to edit input files and calculate probabilities for
multiple levels at once. The main difficulty is the unfriendly format of
the input file, which was based on the 80 character punch card input
format. While a spreadsheet program can be used to prepare all the in-
put information as a first step, then a second program, Excel2ENSDF [6]
is required to convert the input file into the format required for RULER.
Furthermore, like TRANSNUCLEAR, the user is required to input all the
information for every transition for a specific level for accurate results.

This work reports the development and implementation of a new
code TROPIC (TRansitiOn Probabllity Calculator), a program written in
Python 3 with the NumPy [7] and SciPy [8] libraries. TROPIC combines
the advantages of TRANSNUCLEAR and RULER while mitigating the
drawbacks with the goal of making it publicly available and easy to use.
The full package will be made publicly available after publication of
this manuscript and will include the Python script, a user’s guide, and
sample files.

2. TROPIC
2.1. Design principles

A few basic principles have guided the design of TROPIC with pri-
mary goals of efficiency and user-friendliness. The first, is the decision
to write TROPIC in Python 3. Python has increasingly become a promi-
nent language choice in programming due to its easy-to-read syntax. The
TROPIC program written in Python makes the main script accessible to
anyone interested in reading the source code.

TROPIC allows calculations for large data sets with minimum effort
from the user. This is achieved by compiling all input parameters in an
input file similar to RULER. However, the input file for TROPIC is a CSV
file, which has several advantages. TROPIC’s ability to directly read the
CSV file eliminates the need for a second program for format conver-
sions. The CSV file can also be presented in a clear, readable format
with programs like Excel. The user is able to compile and manage input
parameters for multiple transitions of interest all at once.

A list of the parameters is given in Table 1. An example of the input
file displayed in Excel containing some transitions in the !72Yb nucleus
is shown in Fig. 2 as calculated for Ref. [9]. Each row after the first cor-
responds to a transition to be calculated while each column contains
a parameter required for the calculation. When reading the input file,
TROPIC skips the first row to allow the option of labeling the columns
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Il A E_level_(keV) tau_(fs) tau_err_up (fs) tau_err_down (fs) E_g (keV) E_g err_(keV) |

P 172 78.7427 2380447 72135 72135 78.7426 0.0006 100
Bl 172 260.268 176009 11542 11542 181.528 0.004 100
172 539.977 23949 2164 2164 279.717 0.005 100
bl 172 1042.914 4761 1298 1298 964.09 0.05 100
6 0.173
172 1117.874 5338 577 577 857.636 0.007 100
8 1039.15 0.01 100
9 1117.94 0.03 36
10 v 1405.008 605932 86562 86562 250.035 0.007 6
il 287.139 0.003 100
12 1326.1 0.07 88
13 7.2
14 .
By 172 1476.784 69249 15870 15870  321.82 0.11 0.6
16 1397.92 0.05 100
17 1.22
18 12
19 36
Pl 172 1550.43 5.2E+09 144269504 144269504 174.7 1 100
21 197.6 0.3

22 1010.45 0.06 348

I_err alpha alpha_err multipolarity delta delta_err_up delta_err_down
8.4 E2
0.376 E2
0.092 E2
E2
0.016 EO transition
3 E2
3 M1/E2 23 0.5 0.3
3 E2
0.4 El
14 E2
5 E2
0.3 EO transition
0.2 EO transition
0.16 0.017 El
3 M1/E2 0.8 0.5 0.5
0.15 0.044 359 keV transition
2 1216 keV transition
i 1477 keV transition
4 0.079 El
1 M1/E2 delta unknown
1.4 E1/M2 -0.38 0.05 0.05

Fig. 2. Example input file for TROPIC for some transitions in the '7>Yb nucleus displayed in Excel. All information was taken from [9]. The first row is used to label
the columns. Each row after the first corresponds to a transition while each column lists a parameter of that transition. Details of each parameter are listed in Table 1.
Columns after the last column (Column O or A§~) can be used to record notes as shown in the figure. Parameters that are not needed or unknown have been left
blank. If the mixing ratio of a mixed transition is unknown (as noted for the 1550 keV level), each component is assumed to be pure. Transitions that are not of
interest only require the inputs of the y ray intensity, the internal conversion coefficient, and their respective errors. EO transitions with known conversion electron
intensities can also be included for accurate calculation of branching ratios. This is shown for the 1043, 1405, and 1477 keV levels in the figure.

Table 1
A list of the parameters in the input file. If a parameter is not needed
or unknown, the column should be left blank.

Parameter Description Units
A Mass number -
E., Level energy keV
T Lifetime fs
Art Upper error on 7 fs
At~ Lower error on 7 fs
E, Energy of emitted y ray keV
AE, Error on y ray energy keV
I Intensity of emitted y ray (or conversion electron) -

Al Error on y ray intensity (or conversion electron) -

a Internal conversion coefficient -
Aa Error on internal conversion coefficient -
A Multipolarity -

8 Multipole mixing fraction -
Ast Upper error on § -
Ad™ Lower error on 6 -

(as seen in Fig. 2). All columns after the last column (A§~) are also ig-
nored, allowing the user to use that space to record notes, comments, or
other information. If a parameter is not needed or unknown for a tran-
sition (i.e. 6 for pure transitions, an unknown a, or uncertainties), the
column should be left blank. If the mixing ratio (§) of a mixed transi-
tion is unknown, each component is assumed to be a pure transition and
TROPIC calculates the B(xA) value for both.

Additional design decisions were implemented to minimize the effort
required by the user. TROPIC calculates the branching ratios, requiring
the user to only provide the intensities and conversion coefficients in
the input file. The only requirement for the format of the intensities is
that they are accurately scaled with respect to each other. TROPIC also
removes the requirement to include all the individual information for
every transition from a level in the input file, allowing the user to ob-
tain calculations for transitions of interest without the full investment
of time and effort. After entering all the information on transitions that
are of interest in the input file, the user only needs to list the other in-
tensities and conversion coefficients in subsequent rows. If one of the
transitions is a pure EO transition with a known conversion electron in-
tensity (i.e. a EO transition from a 0" state to another 0% state), it can

Table 2
Single Particle Weisskopf values for
the '72Yb nucleus using Equation (6).

A Conversion

El 1 mW.u. = 1.9936 x 1075 ’b
E2 1 W.u. = 5.6823 x 1073 e?b?
M1 1Wau = 17905 p3,

M2 1W.u = 05103 g2 b

also be included in a separate row by listing the intensity as usual and
leaving the conversion coefficient column blank. This ensures accurate
calculation of the branching ratios. This effort is much less time con-
suming than recreating the entire, detailed input information required
as all other columns in those rows can be left blank.

After preparing the input file, TROPIC can be run from a terminal
prompt with a few additional questions asked from the user as shown in
Fig. 3. These inputs are for administrative purposes, simply requesting
for the input filename, the desired precision of the results, the desired
method of error propagation (discussed in detail in Section 2.2), and the
desired units (Weisskopf Units or e2b%/ u?vb“l ).

Once these inputs are provided, TROPIC automatically calculates the
probabilities for all transitions of interest in the input file and provides
the results in three ways simultaneously. The first way, presents the
results in a text file in LaTeX syntax, which is presented as a table when
compiled. The second way, gives the results as a CSV file, allowing them
to be displayed in clear, readable format with programs like Excel. The
third way, displays the results on the terminal. Examples of the three
output methods are shown in Table 3, Fig. 4, and Fig. 5. All results are
listed in Weisskopf Units. The Weisskopf Single Particle Estimates are
given in Equation (6). Table 2 shows the conversion values calculated
for the '72Yb nucleus.

24 2
B(EX) = i<i> A3 b

dr \ A+3
, )
L10( 3 242 _
BM)=12%22( =_) A735 2 p+!
(MD) 7 \1+3 KN
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Enter csv filename (LEAVE OUT file extension): example

Using the input parameters from: /path/to/directory/example.csv

Output files placed at: /path/to/directory/

Enter number of decimal places to report in results (Enter an integer): 2

Enter threshold for propagating by using Min/Max method (e.g. enter 0.1 for 10%, leave blank for standard propagation): 0.1
Using Min/Max method when uncertainty is above 10.0%

Do you want to see the Weisskopf unit conversion? [Y/N]: y

Fig. 3. Series of prompts that are asked when TROPIC is run.

Table 3
Results from TROPIC for transitions listed in the input file shown in Fig. 2 displayed as a LaTeX table. All information needed for this output was
taken from [9]. All B(x A1) values are presented in Weisskopf Units, the unit conversions are shown in Table 2.

A E,, (keV) 7 (fs) E, (keV) E; (keV) Intensity « nt B(x?)

172 787427 2380447(72135) 78.7426(5) 0.0 100 8.4 E2 21205765 Wou.

172 260.268 176009(11542) 181.528(4) 78.74 100 0.376  E2 300.89*211> W.u.

172 539.977 23949(2164) 279.717(5) 260.26 100 0.092  E2 320.757)1%) W

172 1042.914  4761(1298) 964.09(5) 78.82 100 0 E2 3.62 13 Wou.

172 1117.874  5338(577) 857.636(7) 260.24 100(3) 0 E2 2.46* 3 W.u.
1039.149(10)  78.73 100(3) 0 MI1/E2  3.57e-04*1%2¢"04 W.u. (M1 component)
1039.149(10)  78.73 100(3) 0 MI1/E2  0.79*03! W.u. (E2 component)
1117.94(3) -0.07 36(3) 0 E2 0.24%0 0 W.u.

172 1405.008  605932(86562) 250.035(7) 1154.97  6.0(4) 0 El 9.71e-04*357¢"04 mW.u.
287.139(3) 1117.87  100(14) 0 E2 5.9"7 W.u
1326.10(7) 78.91 88(5) 0 E2 2.47€-03*09%0 W.u.

172 1476.784  69249(15870) 321.82(11) 115496  0.60(16)  0.017  El 5.47e-04322 0 mw.u,
1397.92(5) 78.86 100(3) 0 M1/E2 6‘83e-05t;:5'E: 5> W.u. (M1 component)
1397.92(5) 78.86 100(3) 0 MI1/E2  1.01e-02*12%"? W.u. (E2 component)

172 1550.43 5193702147(144269504)  174.7(10) 1375.73  100(4) 0.079 E1 7.61e-06%, 05" mW.u.
197.6(3) 1352.83  7(1) 0 M1/E2 3.71e-08j§;7g§:§§ W.u. (assumed pure M1)
197.6(3) 1352.83  7(1) 0 MI1/E2  4.29e-04*; 0 >¢"0¢ W.u. (assumed pure E2)
1010.45(6) 539.98 34.8(14) 0 E1/M2  1.20e-08* ¢7" ' mW.u. (E1 component)
1010.45(6) 539.98 34.8(14) 0 E1/M2  7.75e-06*277¢"% W u. (M2 component)

—2.36e=06

A E_lev (keV) tau (fs) E_gamma (keV) E_f (keV) Intensity ICC Multipolarity B(pi*l) B(pi*l)_err_up B(pi*l)_err_down Unit

Pl 172 78.7427 2380447 78.7426 0 100 8.4 E2 212.05 6.63 6.24 W.u.

el 172 260.268 176009 181.528 78.74 100 0.376 E2 300.89 21.15 18.55 W.u.

' 172 539.977 23949 279.717  260.26 100 0.092 E2 320.75 31.89 26.61 W.u.

bl 172 1042.914 4761 964.09 78.82 100 0 E2 3.62 1.36 0.78 W.u.

o 172 1117.874 5338 857.636  260.24 100 0 E2 2.46 0.49 0.39 W.u.

7 1039.149 78.73 100 0 M1/E2 3.57E-04 1.82E-04 1.43E-04 W.u. (M1 component)
8 1039.149 78.73 100 0 M1/E2 0.79 0.21 0.16 W.u. (E2 component)

9 1117.94 -0.07 36 0 E2 0.24 6.18E-02 4.78E-02 W.u.

[0l 172 1405.008 605932 250.035 1154.97 6 0 E1 9.71E-04 3.67E-04 2.48E-04 mW.u.

11 287.139 1117.87 100 0 E2 5.9 2.79 1.85 W.u.

12 1326.1 78.91 88 0 E2 2.47E-03 9.04E-04 6.13E-04 W.u.

Bl 172 1476.784 69249 321.82 1154.96 0.6 0.017 E1 5.47E-04 3.92E-04 2.34E-04 mW.u.

14 1397.92 78.86 100 0 M1/E2 6.83E-05 7.51E-05 3.68E-05 W.u. (M1 component)
15 1397.92 78.86 100 0 M1/E2 1.01E-02 1.26E-02 8.50E-03 W.u. (E2 component)
|[J 172 1550.43 5.2E+09 174.7 1375.73 100 0.079 E1 7.61E-06 1.06E-06 9.22E-07 mW.u.

17 197.6 1352.83 7 0 M1/E2 3.71E-08 8.76E-09 7.62E-09 W.u. (assumed pure M1)
18 197.6 1352.83 7 0 M1/E2 4.29E-04 1.03E-04 8.92E-05 W.u. (assumed pure E2)
19 1010.45 539.98 34.8 0 E1/M2 1.20E-08 1.87E-09 1.64E-09 mW.u. (E1 component)
20 1010.45 539.98 34.8 0 E1/M2 7.75E-06 2.99E-06 2.36E-06 W.u. (M2 component)

Fig. 4. Results of calculations from TROPIC for transitions listed in the input file shown in Fig. 2 displayed in Excel. All information needed for this output was taken
from [9]. All B(x 4) values are listed using Weisskopf Units, the unit conversions are shown in Table 2.
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Calculation Results:

A: 172 | E_lev (kev): 78.7427 | tau (fs): 23804470
Transitions for this level:

E_gamma (keV) | E_f (kev) | Intensity | ICC | Multipolarity | B(pi*l)
78.7426(5) | 0.0 | 100 | 8.4 | E2 | 212.05 +/- (6.63, 6.24) W.u.

A: 172 | E_lev (kev): 260.268 | tau (fs): 176009.0

Transitions for this level:

E_gamma (keV) | E_f (kev) | Intensity | ICC | Multipolarity | B(pi*l)
181.528(4) | 78.74 | 100 | ©.376 | E2 | 300.89 +/- (21.15, 18.55) W.u.

A: 172 | E_lev (keVv): 539.977 | tau (fs): 23949.0

Transitions for this level:

E_gamma (keV) | E_f (kev) | Intensity | ICC | Multipolarity | B(pi*l)
279.717(5) | 260.26 | 100 | ©.092 | E2 | 320.75 +/- (31.89, 26.61) W.u.

A: 172 | E_lev (kev): 1042.914 | tau (fs): 4761.0

Transitions for this level:

E_gamma (keVv) | E_f (kev) | Intensity | ICC | Multipolarity | B(pi*l)
964.09(5) | 78.82 | 160 | © | E2 | 3.62 +/- (1.36, 0.78) W.u.

A: 172 | E_lev (kev): 1117.874 | tau (fs): 5338.0
Transitions for this level:

E_gamma (keVv) | E_f (kev) | Intensity | ICC | Multipolarity | B(pi*l)

Computer Physics Communications 306 (2025) 109383

857.636(7) | 260.24 | 100(3) | © | E2 | 2.46 +/- (0.49, 0.39) W.u.

1039.149(10) | 78.73 | 1e0(3) | © | M1/E2 | 3.57e-04 +/- (1.82e-04, 1.43e-04) W.u. (M1 component)

1039.149(10) | 78.73 | 100(3) | © | M1/E2 | ©.79 +/- (0.21, 0.16) W.u. (E2 component)

1117.94(3) | -0.07 | 36(3) | © | E2 | 0.24 +/- (6.18¢-02, 4.78e-02) W.u.

Fig. 5. Results of calculations from TROPIC for transitions listed in the input file shown in Fig. 2 displayed at the terminal. All information needed for this output
was taken from [9]. All B(x A) values are listed using Weisskopf Units, the unit conversions are shown in Table 2.

2.2. Error propagation

TROPIC employs two methods to calculate the uncertainties of the
calculated B(zA) values associated with the measured lifetimes. The
default method is by standard error propagation of all the known er-
rors associated with the various measured input quantities. However, it
might be the case that some parameters, usually the lifetimes, will have
large uncertainties, sometimes greater than 100%. For those cases, it is
more reasonable to use upper and lower bound values of each input pa-
rameter to obtain the highest and lowest possible B(x 1) values and then
subtract the upper and lower values from the nominal value to deter-
mine the uncertainties. TROPIC prompts the user at the beginning to
provide a threshold for the errors in the parameters so that a choice is
made on the method for error propagation. For example, if “0.1” is input,
TROPIC will automatically switch to using the second “minimum/maxi-
mum value” method for error propagation for all transitions that contain
a parameter with an uncertainty above 10%. If the user still wishes to
use standard error propagation for all transitions, they can do so by sub-
mitting a blank input when prompted for the threshold.

2.3. Comparisons with RULER and TRANSNUCLEAR
In order to confirm the accuracy of TROPIC in the development

process, its results were compared with those obtained by RULER and
TRANSNUCLEAR. Table 4 shows the comparison of the calculated B(xz 1)

values of the three programs with an identical input set from !72Yb
[9]. For the nominal transition probability values, there is excellent
agreement between TROPIC, RULER, and TRANSNUCLEAR. The small
differences are in some of the uncertainty or error calculations, but none
of them are outside error limits. These unphysically, tiny differences
are due to the method of error propagation used to obtain them. The
uncertainties by TROPIC were obtained by using the minimum/maxi-
mum value method. The uncertainties by RULER were obtained by using
Monte Carlo error propagation, however, it should be noted that the
current ENDSF evaluations list uncertainties that were obtained using
standard error propagation. The uncertainties by TRANSNUCLEAR were
obtained using a combination of standard error propagation and the
minimum/maximum value method. When calculating the B(xz 4) values,
TRANSNUCLEAR first combines the mixing ratio (§) and the Branching
Ratio (BR) to obtain an overall scaling factor while using standard er-
ror propagation to combine the uncertainties. This scaling factor is then
combined with the rest of the parameters (E,, a, and 7) to obtain the fi-
nal B(x 4) value. The uncertainties at this point are propagated using the
minimum/maximum value method to obtain the final result. This com-
parison confirms the accuracy of TROPIC and establishes it as a reliable
and more user friendly option. TROPIC is a more modern approach to
calculating transition probabilities than RULER and TRANSNUCLEAR,
getting away from the 80 character punch card format limitations with a
significant reduction in effort and time for preparing the input. TROPIC
has been used to calculate large sets of B(x4) values in several recent



K. Lee, A. Stratman, C. Casarella et al.

Table 4
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Comparison of B(z 1) values calculated by TROPIC, RULER, and TRANSNUCLEAR for selected tran-
sitions in !72Yb. All information was taken from [9]. For values written in scientific notation that
have symmetric uncertainties, the nominal value and its uncertainties are both listed (x + Ax) be-
fore the power of 10. The uncertainties by TROPIC were obtained by the minimum/maximum value
method. The uncertainties by RULER were obtained using Monte Carlo error propagation while those
by TRANSNUCLEAR were obtained using a combination of standard error propagation and the mini-
mum/maximum value method. All B(x 1) values are listed using Weisskopf Units, the unit conversions

are shown in Table 2.

E, (keV)  E (keV) 74 B(r4) TROPIC ~ B(rA) RULER B(r4) TRANSNUCLEAR
78.7427 78.7426 E2 212.1*85 212.1*¢7 213.0*87
260.268 181.528  E2 301*% 301%2) 30247
539.977 279.717  E2 321+7 32173 32247
1042.914  964.09 E2 3.6t[1)% 3.6:1];8 3.6t[1)%
1117.874.  857.636  E2 2.4670% 2.46 3 2.4770%
1039.149  mixed M1 357" x 107 3.57+1.06x107*  3.57* 0 x 107*
mixed B2 0.79*02] 0.79*! 0.79*0
=0.1 —0.09 =0.19
1117.94  E2 0.24ﬁ§:§§ 0.2420.03 0.24j§;§j
1405.008  250.035 El 9.71047x 107 9.72+1%6 x 1074 9.72758 x 1074
287.139  E2 5.90* %0 5.91% % 5.93* %
1326.1 E2 247000 %107 2477077 x 1073 2.48%)70 x 107
1476.784  321.82 El 5.47%0 x 107 5.47j§g X107 547500 x 107
1397.92  pure M1 6.83721x105 683735/ x10°  6.82770x 107
126 -2 0.70 —2 0.76 -2
pure E2 1.01% 22 x 10 1.01%)72 x 10 1.02*70 x 10
1550.43. 1747 El 7.61% 00 1070 7.61%)77x 107° 761700 x 107°
197.6 mixed M1 371358 %10 3.71£0.53x 107 3.70% % x 107*
mixed E2 42059 %10 4.30£061x10*  4.31*(%x 10
101045  mixed E1  1.2077/x 10 1.204£0.07x 10  1.20+£0.09x 10~
mixed M2 7.75520 x 1070 7.76"12x 106 7.78*0% x 1076

publications [10,11]. The goal is for it to become the standard in the
field by making it publicly available.

3. Conclusion

There are several popular programs for extracting transition proba-
bilities from the measurements of lifetimes, y-ray intensities, and con-
version coefficients. The two programs are TRANSNUCLEAR and RULER
developed and used by various groups to provide a method of calculat-
ing B(x 4) values. While TRANSNUCLEAR and RULER are great options,
they exhibit some drawbacks which are overcome in TROPIC. TROPIC
has been developed to provide a modern and streamlined process for the
user, offering several advantages over its counterparts. All values calcu-
lated from TROPIC are in agreement with those calculated from RULER
and TRANSNUCLEAR, confirming its accuracy with easier and less time
engagement. Several recent publications have used TROPIC to calculate
large sets of B(xA) values from lifetime measurements. The full pack-
age will be available for public domain use after the acceptance of this
manuscript for publication.

CRediT authorship contribution statement

Kevin Lee: Conceptualization, Project administration, Software,
Writing — original draft, Writing — review & editing. Anne Strat-
man: Conceptualization, Software. Clark Casarella: Conceptualization,
Software. Ani Aprahamian: Conceptualization, Funding acquisition,
Project administration, Supervision, Writing — original draft, Writing —
review & editing. Shelly Lesher: Writing — review & editing.

Declaration of competing interest

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

Data availability

Data will be made available on request.

Acknowledgements

This work was supported by the National Science Foundation Grant
PHY-2310059.

References

[1] D.N. Poenaru, W. Greiner, Experimental Techniques in Nuclear Physics, De Gruyter,
Berlin; Boston, 2011.

[2] H.G. Borner, Methods and new techniques in neutron capture gamma-ray spec-
troscopy, J. Phys. G, Nucl. Phys. 14 (1988) S143-S160, https://doi.org/10.1088/
0305-4616/14/S/015.

[3] J.Jolie, S. Ulbig, H.G. Borner, K.P. Lieb, S.J. Robinson, P. Schillebeeckx, E.G. Kessler,
M.S. Dewey, G.L. Greene, Study of low energetic atomic collisions in solids using
high-resolution (n, y) spectroscopy, Europhys. Lett. 10 (1989) 231-236, https://
doi.org/10.1209/0295-5075/10/3/008.

[4] H. Klein, TRANSNUCLEAR, 2001.

[5] J. Chen, Java-RULER, https://github.com/IAEA-NSDDNetwork/Java-RULER, 2018.

[6] J. Chen, Excel2ENSDF, https://github.com/IAEA-NSDDNetwork/Excel2ENSDF,
2022.

[7] C.R. Harris, K.J. Millman, S.J. van der Walt, R. Gommers, P. Virtanen, D. Cour-
napeau, E. Wieser, J. Taylor, S. Berg, N.J. Smith, R. Kern, M. Picus, S. Hoyer,
M.H. van Kerkwijk, M. Brett, A. Haldane, J.F. del Rio, M. Wiebe, P. Peterson, P.
Gérard-Marchant, K. Sheppard, T. Reddy, W. Weckesser, H. Abbasi, C. Gohlke, T.E.
Oliphant, Array programming with NumPy, Nature 585 (2020) 357-362, https://
doi.org/10.1038/541586-020-2649-2.

[8] P. Virtanen, R. Gommers, T.E. Oliphant, M. Haberland, T. Reddy, D. Cournapeau, E.
Burovski, P. Peterson, W. Weckesser, J. Bright, S.J. van der Walt, M. Brett, J. Wilson,
K.J. Millman, N. Mayorov, A.R.J. Nelson, E. Jones, R. Kern, E. Larson, C.J. Carey,
ilhan Polat, Y. Feng, E.W. Moore, J. VanderPlas, D. Laxalde, J. Perktold, R. Cimrman,
I. Henriksen, E.A. Quintero, C.R. Harris, A.M. Archibald, A.H. Ribeiro, F. Pedregosa,
P. van Mulbregt, A. Vijaykumar, A.P. Bardelli, A. Rothberg, A. Hilboll, A. Kloeckner,
A. Scopatz, A. Lee, A. Rokem, C.N. Woods, C. Fulton, C. Masson, C. Haggstrom, C.
Fitzgerald, D.A. Nicholson, D.R. Hagen, D.V. Pasechnik, E. Olivetti, E. Martin, E.
Wieser, F. Silva, F. Lenders, F. Wilhelm, G. Young, G.A. Price, G.-L. Ingold, G.E.
Allen, G.R. Lee, H. Audren, 1. Probst, J.P. Dietrich, J. Silterra, J.T. Webber, J. Slavi¢,
J. Nothman, J. Buchner, J. Kulick, J.L. Schonberger, J.V. de Miranda Cardoso, J.
Reimer, J. Harrington, J.L.C. Rodriguez, J. Nunez-Iglesias, J. Kuczynski, K. Tritz, M.
Thoma, M. Newville, M. Kiimmerer, M. Bolingbroke, M. Tartre, M. Pak, N.J. Smith,
N. Nowaczyk, N. Shebanov, O. Pavlyk, P.A. Brodtkorb, P. Lee, R.T. McGibbon, R.
Feldbauer, S. Lewis, S. Tygier, S. Sievert, S. Vigna, S. Peterson, S. More, T. Pudlik, T.
Oshima, T.J. Pingel, T.P. Robitaille, T. Spura, T.R. Jones, T. Cera, T. Leslie, T. Zito,
T. Krauss, U. Upadhyay, Y.O. Halchenko, Y. Vazquez-Baeza, SciPy 1.0: fundamental
algorithms for scientific computing in Python, Nat. Methods 17 (2020) 261-272,
https://doi.org/10.1038/541592-019-0686-2.


http://refhub.elsevier.com/S0010-4655(24)00306-0/bib4C86A5D06FCFF9F690E17326AEC3E477s1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib4C86A5D06FCFF9F690E17326AEC3E477s1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bibAD69322E60574281C43C50DACA1B5B03s1
https://doi.org/10.1088/0305-4616/14/S/015
http://refhub.elsevier.com/S0010-4655(24)00306-0/bibAD69322E60574281C43C50DACA1B5B03s1
https://doi.org/10.1088/0305-4616/14/S/015
http://refhub.elsevier.com/S0010-4655(24)00306-0/bibAD69322E60574281C43C50DACA1B5B03s1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib8778DC8785E8CE5C5DEC8E144A044D7Es1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib8778DC8785E8CE5C5DEC8E144A044D7Es1
https://doi.org/10.1209/0295-5075/10/3/008
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib8778DC8785E8CE5C5DEC8E144A044D7Es1
https://doi.org/10.1209/0295-5075/10/3/008
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib8778DC8785E8CE5C5DEC8E144A044D7Es1
https://github.com/IAEA-NSDDNetwork/Java-RULER
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib5D87D3B06581A238A8590B1A0DCA4269s1
https://github.com/IAEA-NSDDNetwork/Excel2ENSDF
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib60E026E3C29F0BF2C5321A57519CBD46s1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib60E026E3C29F0BF2C5321A57519CBD46s1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bibA16BA213C32FB2747698DA52D8AC7B85s1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bibA16BA213C32FB2747698DA52D8AC7B85s1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bibA16BA213C32FB2747698DA52D8AC7B85s1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bibA16BA213C32FB2747698DA52D8AC7B85s1
https://doi.org/10.1038/s41586-020-2649-2
http://refhub.elsevier.com/S0010-4655(24)00306-0/bibA16BA213C32FB2747698DA52D8AC7B85s1
https://doi.org/10.1038/s41586-020-2649-2
http://refhub.elsevier.com/S0010-4655(24)00306-0/bibA16BA213C32FB2747698DA52D8AC7B85s1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib65583ED7B6DDFEF836276DEA523333AAs1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib65583ED7B6DDFEF836276DEA523333AAs1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib65583ED7B6DDFEF836276DEA523333AAs1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib65583ED7B6DDFEF836276DEA523333AAs1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib65583ED7B6DDFEF836276DEA523333AAs1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib65583ED7B6DDFEF836276DEA523333AAs1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib65583ED7B6DDFEF836276DEA523333AAs1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib65583ED7B6DDFEF836276DEA523333AAs1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib65583ED7B6DDFEF836276DEA523333AAs1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib65583ED7B6DDFEF836276DEA523333AAs1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib65583ED7B6DDFEF836276DEA523333AAs1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib65583ED7B6DDFEF836276DEA523333AAs1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib65583ED7B6DDFEF836276DEA523333AAs1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib65583ED7B6DDFEF836276DEA523333AAs1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib65583ED7B6DDFEF836276DEA523333AAs1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib65583ED7B6DDFEF836276DEA523333AAs1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib65583ED7B6DDFEF836276DEA523333AAs1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib65583ED7B6DDFEF836276DEA523333AAs1
https://doi.org/10.1038/s41592-019-0686-2
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib65583ED7B6DDFEF836276DEA523333AAs1

K. Lee, A. Stratman, C. Casarella et al. Computer Physics Communications 306 (2025) 109383

[9] B. Singh, Nuclear data sheets for A = 172, Nucl. Data Sheets 75 (2) (1995) 199-376, [11] S.R. Lesher, A. Aprahamian, K. Lee, B. Alemayehu, L.M. Clark, X. James, J.C.T.
https://doi.org/10.1006/ndsh.1995.1025. Lowrie, M. Meier, L. McEwan, S. Mukhopadhyay, E.E. Peters, A.P.D. Ramirez, M.
[10] A. Aprahamian, R.C. de Haan, S.R. Lesher, C. Casarella, A. Stratman, H.G. Borner, Ryan, B.G. Rice, A. Stratman, E. Temanson, J.R. Vanhoy, S.W. Yates, Lifetime mea-
H. Lehmann, M. Jentschel, A.M. Bruce, Lifetime measurements in '%°Gd, Phys. Rev. surements of 0* states in ' Er with the Doppler-shift attenuation method, Phys. Rev.

C 98 (2018) 034303, https://doi.org/10.1103/PhysRevC.98.034303. C 106 (2022) 044302, https://doi.org/10.1103/PhysRevC.106.044302.


http://refhub.elsevier.com/S0010-4655(24)00306-0/bib851DA60044741AE23CEDCB9C345720B0s1
https://doi.org/10.1006/ndsh.1995.1025
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib851DA60044741AE23CEDCB9C345720B0s1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib0ABB7D8C5E5BC8F66713806AC1F7CA9Es1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib0ABB7D8C5E5BC8F66713806AC1F7CA9Es1
https://doi.org/10.1103/PhysRevC.98.034303
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib0ABB7D8C5E5BC8F66713806AC1F7CA9Es1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib98B8BF29863AD420FB1A343EA1D53543s1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib98B8BF29863AD420FB1A343EA1D53543s1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib98B8BF29863AD420FB1A343EA1D53543s1
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib98B8BF29863AD420FB1A343EA1D53543s1
https://doi.org/10.1103/PhysRevC.106.044302
http://refhub.elsevier.com/S0010-4655(24)00306-0/bib98B8BF29863AD420FB1A343EA1D53543s1

	TROPIC: A program for calculating reduced transition probabilities
	1 Introduction
	2 TROPIC
	2.1 Design principles
	2.2 Error propagation
	2.3 Comparisons with RULER and TRANSNUCLEAR

	3 Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgements
	References


