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Abstract: The 55Mn(n,γ)56Mn reaction cross-sections at 
the neutron energies of 1.12, 2.12, 3.12 and 4.12 MeV were 
determined by using activation and off-line γ-ray spec-
trometric technique. The neutron energies of 1.12 and 
2.12 MeV were generated from the 7Li(p,n) reaction by 
using the proton energies of 3 and 4 MeV from the folded 
tandem ion beam accelerator (FOTIA) at BARC. For the 
neutron energies of 3.12 and 4.12 MeV, the proton ener-
gies used were 5 and 6 MeV from the Pelletron facility at 
TIFR, Mumbai. The 115In(n,γ)116mIn reaction cross-section 
was used as the neutron flux monitor. The 55Mn(n,γ)56Mn 
reaction cross-section at the neutron energies of 4.12 MeV 
are reported for the first time, whereas at 1.12, 2.12 and 
3.12 MeV, they are in between the literature data. The 
55Mn(n,γ)56Mn reaction cross-section was also calculated 
theoretically by using the computer code TALYS 1.6 and 
EMPIRE 3.2.2. The experimental data of present work are 
found to be in between the theoretical values of TALYS 
and EMPIRE.

Keywords: 55Mn(n,γ)56Mn reaction cross-section, off-line 
γ-ray spectrometric technique, 115In(n,γ)116mIn reaction 
monitor, TALYS and EMPIRE calculation.

1  Introduction

Manganese is one of the most abundant elements in the 
earth’s crust. It is a gray white metal with a melting point 
of 1245°C and density of 7.43 g/cm3. As it has properties like 
sulfide former and deoxidizer and has hardenability, it is 
used in making steel and used as shielding material and 
structural material in reactors. Manganese has only one 
stable isotope 55Mn with 100% abundance. In a reactor, 
neutrons interact with the 55Mn, present in the shielding 
material and produce 56Mn having the half life of 2.5789 h, 
which decay with the emission of 846.8 keV γ ray. Thus  
it affects the neutron economy in conventional reactor, 
advanced heavy water reactor (AHWR) [1], fast reactor 
[2–5], and accelerated driven sub-critical system (ADSs) 
[6–11]. The neutron spectrum in any conventional and 
fast reactors varies from thermal to 15–20 MeV. Thus it 
is necessary to have knowledge about the 55Mn(n,γ)56Mn 
reaction cross-section at different neutron energies, which 
are necessary for the design of the above mentioned reac-
tors. Besides this, the knowledge of 55Mn(n,γ)56Mn reaction 
cross section is also important for better understanding of 
reaction mechanism.

It can be seen from the IAEA-EXFOR compilation 
[12] based on literature [13–30] data that, sufficient data 
on the 55Mn(n,γ)56Mn reaction cross-sections are avail-
able within the neutron energy of 4 MeV and around 
 13.4–15 MeV. Only one set of data within the neutron ener-
gies of 0.97–19.4 MeV, have been reported by Menlove et al. 
[19]. However, within the neutron energy of 4 MeV, there 
is lot of difference in the data based on the experimen-
tal work of various authors [16–30]. In view of this, the 
55Mn(n,γ)56Mn reaction cross-sections at the neutron ener-
gies of 1.12, 2.12, 3.12 and 4.12 MeV have been determined 
by using an activation and off-line γ-ray spectrometric 
technique. The 55Mn(n,γ)56Mn reaction cross-section as 
a function of neutron energy was also calculated using 
the computer code TALYS 1.6 [31] and EMPIRE 3.2.2 [32]. 
The present data were compared with the literature data 
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[15–30] and the theoretical values based on TALYS 1.6 [31] 
and EMPIRE 3.2.2 [32].

2  Experimental details
The experiments with the neutron energies of 3.12 and 
4.12 MeV were carried out by using the 14 UD BARC-
TIFR (Bhabha Atomic Research Centre–Tata Institute of 
Fundamental Research) Pelletron facility at Mumbai, 
India [33]. The neutron beams were obtained from the 
7Li(p,n)7Be reaction by using the proton beam of 5 and 
6 MeV in the main line, 6 m above the analyzing magnet 
of the Pelletron facility to utilize the maximum proton 
current from the accelerator. The proton energy spread 
at the 6 m above the analyzing magnet of the Pelletron 
facility was 50–90 keV. At this port, the terminal voltage 
is regulated by generating voltage mode (GVM) by using a 
terminal potential stabilizer. Further, we used a collima-
tor of 6-mm diameter before the target. The Li-metal foil 
with a thickness of 3.7 mg/cm2 was sandwiched between 
two tantalum foils of different thicknesses. The front tan-
talum foil facing the proton beam was the thinnest one, 
with a thickness of 3.9 mg/cm2, in which degradation of 
proton energy was only 30 keV [34]. On the other hand, 
the back tantalum foil was of 0.025 mm thick, which was 
sufficient to stop the proton beam. About 0.0657 gm (for 
3.12 MeV) and 0.0166 gm (for 4.12 MeV) of manganese 
oxide (MnO2) powder and 1-mm-thick natural indium 
metal foils of same size were wrapped separately with 
0.025-mm-thick super pure aluminum foil. The size of 
the Al-wrapped MnO2 powder sample was 1.0 cm2 with 
a thickness of 29.3 mg/cm2. The aluminum wrapper was 
used to stop and collect the reaction products recoiling 
out from the surface. Two different sets of Al-wrapped 
MnO2 powder and In-metal stacks were prepared for 
different irradiations at the neutron energies of 3.12 
and 4.12 MeV, respectively. The individual stacks of Al-
wrapped MnO2 powder and In-metal samples were addi-
tionally wrapped with two different Al foils. The sample 
was mounted at an angle of 0° with respect to the beam 
direction at a distance 2.1 cm behind the  Ta–Li–Ta stack 
as described in Ref. [33]. The Ta–Li–Ta stack was bom-
barded with the proton energies (Ep) of 5 and 6 MeV for 
13  h 25  min and 11  h 50 min, respectively. The proton 
current during the irradiations varied from 60 to 70 nA. 
Thus the Al-wrapped MnO2 powder and In-metal stack 
faced the neutron energies (En) of 3.12 and 4.12 MeV for a 
period of 13 h 25 min and 11 h 50 min, respectively. After 
irradiation, the samples were cooled for 2 h 30 min and 

2 h 9 min, respectively. Then, the irradiated target of Al 
wrapped manganese oxide powder and In-metal foils 
were mounted on different Perspex plate and taken for 
γ-ray spectrometry.

The experiments with the neutron energies of 1.12 
and 2.12 MeV were performed by using the folded tandem 
ion beam accelerator (FOTIA) at Van-de-Graff, BARC, 
Mumbai. The neutron beam energies of 1.12 and 2.12 MeV 
were also produced from the 7Li(p,n)7Be reaction by using 
the proton beam energies of 3 and 4 MeV. In the present 
case, instead of Li-metal foil, a circular LiF pellet of 1 cm 
diameter and 3 mm thickness was used for neutron pro-
duction. It was fixed on a stand at an angle 0° relative 
to the beam’s exit window. A beam collimator of 10 mm 
diameter was used before the target. The 3 mm thick LiF 
pellet is sufficient to stop the proton beam energy of 3 and 
4 MeV. About 0.0735 gm (for 1.12 MeV) and 0.0973 gm (for 
2.12 MeV) of manganese sulfate ((MnSO4)·2H2O) powder 
and 1-mm-thick natural indium metal foils of same size 
were wrapped separately with 0.025-mm-thick super pure 
aluminum foil. The Al wrapped (MnSO4)·2H2O powder 
and In-metal stacks were square shape having the size 
of 1.0 cm2. The samples were mounted one at a time at 
0° with respect to the beam direction at a distance of 
3 mm behind the LiF pellet and irradiated for 8 h 32 min 
with neutron energy of 1.12 MeV and for 7 h 45 min with 
2.12  MeV, respectively. For the proton energies of 3 and 
4 MeV, the incident beam current during the irradiations 
was 100 nA. The irradiated samples were cooled for 1–2 h, 
mounted on different Perspex plates and taken for γ-ray 
spectrometry [33].

The γ-rays of the reaction products from the irradi-
ated Mn and In samples were counted in an energy- and 
 efficiency-calibrated, 80-cm3 high-purity germanium 
detector coupled to a personal computer-based 4K channel 
analyzer. The counting dead time was kept always  < 5% 
by placing the irradiated samples at a suitable distance 
from the detector to avoid pile up effects. The energy and 
efficiency calibration of the detector system was done by 
counting the γ-ray energies of a standard 152Eu source by 
keeping the same geometry, where the summation error 
was negligible. This was checked by comparing the effi-
ciency obtained from γ-ray counting of standards such 
as 241Am (59.5 keV), 133Ba (80.9, 276.4, 302.9, 356.0, and 
383.8  keV), 137Cs (661.7 keV), 54Mn (834.6 keV), and 60Co 
(1173 and 1332.5 keV). The detector efficiency was 20% at 
γ-ray energy of 1332.5 keV relative to the 73.5-mm-diameter 
and 73.5-mm-long NaI(Tl) detector. The uncertainty in the 
efficiency was 2–3%. The resolution of the detector system 
had a full-width at half-maximum of 1.8 keV at 1332.5 keV 
γ-ray energy of 60Co. The γ-ray counting of the irradiated 
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Mn and In samples were done at least for three half-lives 
of the nuclides of interest.

3  Calculations

3.1  Calculation of neutron energy

In the present experiment, the fast neutrons were pro-
duced from the 7Li(p,n)7Be reaction by using the proton 
beam energies of 3, 4, 5 and 6 MeV. The Q-value for the 
7Li(p,n)7Be reaction to the ground state is –1.644 MeV, 
whereas the first excited state is 0.431 MeV above the 
ground state leading to an average Q-value of –1.868 
MeV. The threshold value of the 7Li(p,n) reaction to the 
ground state of 7Be is 1.881 MeV. Thus for the proton ener-
gies of 3, 4, 5 and 6 MeV, the resulting peak energy of the 
first group of neutrons (n0) would be 1.12, 2.12, 3.12 and 
4.12  MeV, respectively. The corresponding neutron ener-
gies of the second group of neutrons (n1), for the first 
excited state of 7Be, will be 0.63, 1.63, 2.63 and 3.63 MeV, 
respectively [35–37]. This is because above the proton 
energy of 2.37 MeV, the n1 group of neutrons is also pro-
duced. Liskien and Paulsen [35] as well as Meadows and 
Smith [36] have given the branching ratio to the ground 
state and first excited state of 7Be up to proton energy of 
7 MeV. However, Poppe et al. [37] have given the branch-
ing ratio to the ground state and first excited state of 7Be 
for proton energies from 4.2 to 26 MeV. Based on their [35–
37] prescription for the proton energy of 6 MeV, the con-
tribution to the n0 and n1 group of neutrons is ~85% and 
~15%, respectively. The proton energy of 6 MeV leads to an 
average neutron energy of 4.12  ×  0.85 + 3.63  ×  0.15  =  4.05 
MeV, which is within the uncertainty of neutron energy of 
4.12. Thus the n1 group neutrons have some contribution, 

which causes the broadening of the main peak. This 
causes more uncertainty for the emitted neutrons ener-
gies under the main peak. Thus for the proton energies 
of 3, 4, 5 and 6 MeV, the energies of the emitted neutrons 
were estimated to be 1.12 ± 0.11, 2.12 ± 0.15, 3.12 ± 0.21, and 
4.12 ± 0.32 MeV, respectively. Above the proton energy 
of 4.5 MeV, the neutron spectrum consists of the full 
energy peak due to the 7Li(p,n)7Be reaction and a con-
tinuum component attributable to the multi-body break 
up process, i. e. 7Li(p,n3He)4He reaction with Q value of 
–3.231 MeV. This causes a continuous neutron energy dis-
tribution as tail besides n0 and n1 groups of neutrons. Up 
to the proton energy of 5 MeV, there is no tail part in the 
neutron spectrum [33]. For the proton energy of 6 MeV, 
there is very small tail part [33], which can be neglected 
in the calculation of average neutron energy and thus in 
the 55Mn(n,γ)56Mn reaction cross-section.

3.2   Calculation of neutron flux and 
55Mn(n,γ)56Mn reaction cross-section

In the present work, the 115In(n,γ)116mIn reaction cross-sec-
tion was used as the neutron flux monitor. The photo-peak 
activities of the 138.3, 416.9, 818.7, 1097.3 and 1293.6 keV γ-
lines of 116mIn from the 115in(n,γ) reaction were used for the 
neutron flux determination. On the other hand, the photo-
peak activity of the 846.8 keV γ-ray of 56Mn was used for 
the calculation of 55Mn(n,γ) reaction cross-section. The 
nuclear spectroscopic data used in the calculation were 
taken from Ref. [38] and shown in the Table 1. The numbers 
of detected γ-rays (Aobs) for the reaction products 116mIn and 
56Mn were obtained from the total peak areas after sub-
tracting the linear Compton background.

It can be seen from Table 1 that the reaction  product 
116mIn has a half-life of 54.29  min with five significant 

Table 1: Nuclear spectroscopic data of the radio-nuclides from the 115In(n,γ)116mIn and 55Mn(n,γ)56Mn reactions used in the calculation from 
Ref. [38].

Nuclide   Spin-Parity  Half-life   Decay mode (%)   γ-ray energy (keV)  γ-ray abundance (%)
116m
49 In   8−  2.18 ± 0.04 s   IT (100%)   –  –
116m
49 In   5+  54.29 ± 0.17 min   β− (100%)   138.3  3.70 ± 0.09

        416.9  27.2 ± 0.4
        818.7  12.13 ± 0.14
        1097.3  58.5 ± 0.8
        1293.6  84.8 ± 0.12

116g
49 In   1+  14.10 ± 0.03 s   β− (99.98%) and ε (0.02%)  463.3  0.25

        1293.4  1.3
56
25 Mn   3+  2.5789 ± 0.0001 h   β− (100%)   846.8  98.85

The γ-line marked with bold letters were adopted for data reduction.
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γ-lines with good branching intensities. From the photo-
peak activity (Aobs) of the 138.3, 416.9, 818.7, 1097.3 and 
1293.6  keV γ-lines of 116mIn, the neutron flux (Φ) was 
obtained by using the following equation [33].

 

obs

(1 )( )(1 )t T CL
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CLA
LT
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λ
Φ

σ ε − − −
γ

 
  =

− −
 

(1)

where, N is the number of target atoms and σR is the cross-
section of the 115In(n,γ)116mIn reaction. λ is the decay con-
stant (λ  =  ln2/T1/2) of the reaction product of interest with 
half-life  =  T1//2. Iγ is the branching intensity of the 138.33, 
416.86, 818.72, 1097.33 and 1293.56 keV γ-lines of 116mIn [38] 
and ε is its detection efficiency. t, T, CL and LT are the irra-
diation time, cooling time, real and live-time of counting, 
respectively.

The 115In(n,γ)116mIn reaction cross-section is avail-
able for a wide range of neutron energies in the litera-
ture, which is compiled in EXFOR [12]. However, the 
115In(n,γ)116mIn reaction cross-sections within the neutron 
energy range of 1.96–7.66 MeV are available in the Refs. 
[30, 39–41]. Among them, the cross-sections obtained by 
Husain et al. [40] are within the neutron energy range of 
2.44–4.5 MeV and are higher than the data of others [30, 
39, 41]. Thus the 115In(n,γ)116mIn reaction cross-sections 
from the Refs. [30, 39, 41] were used in the present work for 
the neutron flux calculation. The evaluated 115In(n,γ)116mIn 
reaction cross-sections as a function of neutron energy are 
available in the IRDFF-1.05 library [42]. Thus the neutron 
flux based on the evaluated 115In(n,γ)116mIn reaction cross- 
sections were also used to determine the neutron flux. The 
115In(n,γ)116mIn reaction cross-section from Refs. [30, 39, 41, 
42] and neutron flux obtained for the four neutron ener-
gies of present work are given in the Table 2.

From the photo-peak activity of 846.8 keV γ-ray of 
56Mn, the 55Mn(n,γ) reaction cross-section (σR) was calcu-
lated by using the rearranged equation (1). The nuclear 

spectroscopic data used were taken from Table 1 based on 
the Ref. [38]. The neutron flux (Φ) from Table 2 was used 
to calculate the 55Mn(n,γ)6Mn reaction cross-section. The 
neutron self shielding effect of the sample and its correc-
tion factor is important in the calculations of 55Mn(n,γ)6Mn 
reaction cross-section. In particular, the neutron self 
shielding is very much important in the resonance cross-
section region and for the big size of sample [43, 44]. 
The neutron self shielding factor is the ratio of the mean 
fluence rate inside the sample volume to the fluence rate 
incident on the sample [44]. A complete treatment of self-
shielding requires consideration of the neutron energy 
spectrum inside and outside the sample, the absorption 
and scattering cross sections as well as the size of the 
sample [44]. In the present case, the sizes of the sample 
and reaction monitor are very small. The 55Mn(n,γ)6Mn 
and the 115In(n,γ)116mIn reactions cross-sections in the 
neutron energies of present work are not in the resonance 
region. The scattered neutrons from the surrounding were 
not available due to the absence of neutron shielding 
wall far from the experimental set up. Besides this, the 
115In(n,γ)116mIn and 55Mn(n,γ)6Mn reaction cross-sections 
as a function of neutron energy have similar patterns. If 
any low energy scattered neutrons will be there from far 
surrounding wall then also their effect will get canceled 
due to the similar trend of reaction cross-sections of the 
sample and monitor. Thus the neutron self shielding 
effect for the sample size of present work will be negligible 
and was not considered in the calculation of 55Mn(n,γ)56Mn 
reaction cross-section.

4  Results and discussion
The 55Mn(n,γ)6Mn reaction cross-section determined in 
the present work for the neutron energies of 1.12, 2.12, 
3.12 and 4.12 MeV were given in the Table 2. The overall 

Table 2: 115In(n,γ)116mIn and 55Mn(n,γ)56Mn reaction cross-sections at different neutron energies.

Proton energy 
(MeV)

  En (MeV)  115In(n,γ)116mIn reaction 
cross section (mb) [Ref.]

  Flux  
n/cm2s

   55Mn(n,γ)56Mn reaction cross section

Experimental (mb)  TALYS-1.6 (mb)

3   1.12 ± 0.12  247.1 ± 28.6 [30]  5.67099E+06   3.374 ± 0.487  3.872
    174.4 ± 6.7 [42]  8.03273E+06   2.382 ± 0.344 

4   2.12 ± 0.15  129.0 ± 9.1 [39]  1.29330E+07   2.563 ± 0.147  3.031
    104.1 ± 4.5 [42]  1.51154E+07   2.062 ± 0.126 

5   3.12 ± 0.21  44.6 ± 3.2 [41]  2.03785E+07   1.407 ± 0.136  1.721
    37.5 ± 1.5 [42]  2.41184E+07   1.184 ± 0.117 

6   4.12 ± 0.32  16.7 ± 2.4 [41]  7.23707E+07   1.137 ± 0.178  1.149
    15.7 ± 0.7 [42]  7.72136E+07   1.066 ± 0.167 
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uncertainty associated with the measured 55Mn(n,γ)6Mn 
reaction cross-section is the quadratic sum of both sta-
tistical and systematic errors. The random error in the 
observed γ-ray activity of 56Mn is primarily due to count-
ing statistics, which is estimated to be 3.1–5.5%. This can 
be determined by accumulating the data for an optimum 
time period that depends on the half-life of the nuclide of 
interest. The systematic errors are due to uncertainties in 
the irradiation time (~0.1%), the half-life of the reaction 
products and the γ-ray abundances (1–2%) and the detec-
tion efficiency (~3%), which arises from the fitting error. 
The maximum systematic error (3.8–14.4%) is primar-
ily due to the uncertainty in the 115In(n,g)116mIn reaction 
cross-section [30, 39–42], which reflect in the neutron 
flux and thus in the 55Mn(n,γ)56Mn reaction cross-section. 
Thus the total systematic error is 4.9–14.8%. The com-
bined uncertainties from both statistical and systematic 
errors lie within 5.8–15.8% for the 55Mn(n,γ)56Mn reaction 
cross-section.

The 55Mn(n,γ)56Mn reaction cross-section at the 
neutron energies of 4.12 MeV is determined in the present 
work for the first time. Sufficient data are available in lit-
erature [13–30] within the neutron energy of 4 MeV and 
within 13.4–15.7 MeV. Besides this, one set of data within 
the neutron energies of 0.97–19.4 MeV is available in Ref. 
[19]. In view of this, the present data and literature data 
[16–30] within neutron energy of 0.5–19.4 MeV are plotted 
in Figure 1. It can be seen from Figure 1 that the literature 
data [16, 17, 19, 21, 29, 30] within neutron energies of 0.5–
3.43 MeV follows three different trends. The data of Gautam 
et al. [30] is on higher side. The data of Stavisskiy et al. 
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Figure 1: Comparison of experimental 55Mn(n,γ)56Mn reaction cross-
section from the present work and literature data [13–30] with the 
theoretical values from TALYS 1.6 [31] and EMPIRE-3.2.2 [32].

[17], Menlove et al. [19] and Dovbenko et al. [21] within the 
neutron energy of 3.43 MeV are on the lower side. On the 
other hand, the data of Johnsurd et al. [16] and  Trofimov 
et  al. [29] within the neutron energy of 3.43 MeV are in 
between those two above sets. The experimental data of 
present work at the neutron energies of 1.12 and 2.12 MeV 
are in between the data of two sets but are in close agree-
ment with the data of Johnsurd et  al. [16] and Trofimov 
et al. [29]. At the neutron energy of 3.12 MeV, the present 
data is in agreement with the data of Menlove et al. [19] 
and Dovbenko et al. [21]. Similarly, the present data at the 
neutron energy of 4.12 MeV is in agreement with the data 
of Menlove et al. [19]. It can be also seen from Figure 1 that 
within neutron energy of 3.43 MeV, there is a lot of differ-
ences in the three sets of literature data [16, 17, 19, 21, 29]. 
In view of this the 55Mn(n,γ)56Mn reaction cross-section 
within neutron energies of 1–20 MeV was calculated theo-
retically by using the computer code TALYS 1.6 [31] and 
EMPIRE 3.2.2 [32].

TALYS is a computer code for the prediction and 
analysis of nuclear reactions. TALYS has two main pur-
poses; it can be used as a nuclear physics tool, confront-
ing nuclear models with experiments and secondly, as 
a nuclear data tool, predicting nuclear data where no 
experimental data exists. The TALYS-1.6 program [31] sim-
ulates nuclear reactions that involve gammas, neutrons, 
protons, deuterons, tritons, 3He and alpha-particles in the 
incident energy range from 1 keV to 200 MeV for target 
nuclides of mass 12 and heavier. In the present work, we 
have used neutron energies from 1 keV to 20 MeV for the 
55Mn target. All possible outgoing channels including 
inelastic were considered for a given projectile (neutron) 
energy. However, the cross-sections for the (n,γ) reactions 
were specially looked for and collected. Theoretically 
calculated 55Mn(n,γ)56Mn reaction cross-sections from a 
neutron energy of 1 to 20 MeV using TALYS version 1.6 are 
also plotted in Figure 1.

EMPIRE-3.2.2 [32] is a modular system of nuclear 
reaction codes, implementing the major reaction mech-
anisms, such as compound nucleus (in the Hauser–
Feshbach model with width fluctuation correction [45]), 
pre- equilibrium emission (by means of the exciton model 
or the hybrid Monte Carlo simulation approach) and 
direct interaction (using various optical model param-
eters automatically retrieved from the Reference Input 
Parameter Library (RIPL-2) library [46] or chosen by the 
user). It includes various nuclear models, designed for 
calculations in a broad range of energies and incident 
particles. In the present work, EMPIRE-3.2.2 [32] was used 
with the default parameters for nuclear masses, ground-
state deformations, discrete levels, decay schemes, level 
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densities, moments of inertia (MOMFIT) and strength 
functions. Theoretically calculated 55Mn(n,γ)56Mn reaction 
cross-sections from a neutron energy of 1–20 MeV using 
EMPIRE-3.2.2 [32] are also plotted in Figure 1.

It can be seen from Figure 1 that the experimental 
data of Gautam et  al. [30] and some data of Trofimov 
et al. [29] is in closer to the theoretical values of TALYS 
1.6 [31], whereas data of Stavisskiy et  al. [17], Menlove 
et al. [19] and Dovbenko et al. [21] within 3.43 MeV are 
closer to the theoretical values of EMPIRE-3.2.2 [32]. On 
the other hand, the present data as well as the litera-
ture data of Johnsurd et al. [16] within 3.43 MeV are in 
between the theoretical values of TALYS 1.6 [31] and 
EMPIRE-3.2.2 [32]. Similarly, the data from the literature 
[14, 22–27] around 14 MeV are in between the theoreti-
cal values of TALYS 1.6 [31] and EMPIRE-3.2.2 [32]. On 
the other hand, the data of Johnsurd et  al. [16] at the 
neutron energy of 5.5 MeV and Csikai et al. [18] around 
13.4–15 MeV are higher than the theoretical values of 
TALYS 1.6 [31] and EMPIRE-3.2.2 [32]. The present data at 
the neutron energy of 4.12 MeV and the data of Menlove 
et  al. [19] from 4 to 19.39 MeV are in close agreement 
with the theoretical values of TALYS 1.6 [31].

5  Conclusions
The 55Mn(n,γ)55Mn reaction cross-section at the neutron 
energies of 1.12, 2.12, 3.12 and 4.12 MeV are determined 
by using activation and off-line gamma ray spectrometric 
technique. They are found to in agreement with one set of 
experimental data from literature but not with the other 
two sets of literature data. The 55Mn(n,γ)55Mn reaction 
cross-section also calculated theoretical values of TALYS 
1.6 and EMPIRE-3.2.2. The present data for the neutron 
energies of 1.12, 2.12 and 3.12 MeV are found to be in 
between the theoretical values of TALYS 1.6 and EMPIRE-
3.2.2. On the other hand present data at the neutron energy 
of 4.12 MeV is in agreement with the theoretical values of 
TALYS 1.6.
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