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Abstract The neutron activation cross section for 127I(n,γ )128I reaction has been experimen-
tally measured with respect to the 115In(n,inl)115Inm reference monitor reaction cross section
in the neutron spectrum average energy range 0.60−−2.51 MeV. The neutrons were pro-
duced through 7Li(p,n)7Be reaction, and γ -ray spectra of the residue product were measured
offline with the precalibrated lead-shielded HPGe detector. The very first time the covariance
analysis was done to quantify the measured cross section uncertainties and the correlation
coefficients between the different neutron energy cross sections for iodine nucleus. The need-
ful corrections related to the γ -ray self-attenuation process, γ -ray true coincidence summing
effect and the low background neutron energy contributions were considered in the present
measurement. Theoretical calculations were done using the standard nuclear reaction model
codes TALYS-1.9 and EMPIRE-3.2 to obtain the 127I(n,γ )128I reaction cross section. The mea-
sured cross sections were compared with the experimental data available in the EXFOR
database, theoretical predicted results, and ENDF/B-VIII.0, JEFF-3.1/A, TENDL-2019, and
JENDL-4.0 evaluated nuclear data.

1 Introduction

The neutron capture cross section is important for the studies of nuclear physics phenomena
like nuclear reaction dynamics, element formation, and the nucleosynthesis process in astro-
physics. Its quantitative values are essential for the safety analysis and design of reactors
[1,2]. In the low-energy neutron region, the quantitative value of (n,γ ) reaction cross section
of iodine nucleus is also considered as a standard monitor in the neutron activation exper-
iments [3]. The experimental capture cross sections are also essential to test the sensitivity
and validation of different parameters used by the statistical model codes [4]. The KI (potas-
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Fig. 1 Decay scheme of the 128I existed nucleus

sium iodide), a salt of stable iodine nucleus, also helps to block the radioactive iodine from
being absorbed by the thyroid gland, thus protecting this gland from radiation injury [5].
127I is the only natural exiting iodine isotope that forms the 128I excited compound nucleus
on neutron capture and it β-decays to stable nucleus 128Xe with a half-life (t1/2 = 24.99 ±
0.02 min). This β-decay process produces the high-intense γ -ray of energy 442.90 keV with
a 12.61% gamma intensity, which is used in the present case for determining the (n,γ ) cross
section. The decay scheme of 128I nucleus is shown in Fig. 1 retrieved from the NNDC [6].
Considering the requirements mentioned above, we have planned to carry out the neutron
capture cross section measurement for the iodine nucleus with more accuracy and detailed
uncertainty quantification. In the present work, the (n,γ ) reaction cross section for 127I target
nucleus was measured with respect to the 115In(n,inl)115Inm reference monitor reaction cross
section in the neutron spectrum average energy range, 0.60−−2.51 MeV. In this manuscript,
the experimentally measured cross sections are provided with a detailed description of the
uncertainty measurement, which were missing in the literature. This detailed description of
the uncertainty is essential information required in evaluation of nuclear data, which is used
by the users to check the performance and safety metrics for a given application [7–10]. The
obtained results are compared with the previously measured data retrieved from the IAEA-
EXFOR database [11,12], and ENDF/B-VIII.0, JEFF-3.1/A, TENDL-2019, and JENDL-4.0
evaluated nuclear data [13–16]. The cross section was also computed theoretically using
the statistical model codes TALYS-1.9 and EMPIRE-3.2. The calculated theoretical results by
TALYS-1.9 and EMPIRE-3.2 were compared with the present measured cross section, existing,
and the evaluated data.

Section 2 describes the experimental details and the methodology used for measuring the
cross section, while Sect. 3 provides the detail about the nuclear model calculations. Section 4
contains the results and discussion part.

2 Experimental details and methodology

The experimental measurement of the 127I(n,γ )128I reaction cross section was carried out
with the neutrons based on the p+7Li−→n+7Be reaction (Q value = −1.644 MeV; Eth =
1.880 MeV) [17,18]. The FOTIA (charged-particle accelerator) facility at Bhabha Atomic
Research center (BARC), Mumbai, was used for the proton beam production [19]. The proton
beam current during the experiment was 100 nA, and the proton beam of energies Ep = 2.6,
3.2 and 4.4 MeV were shot on a natural 7Li metallic target. The proton energy spread was
0.02 MeV produced from the accelerator. The 7Li-target was stuck at the back side of the
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Fig. 2 7Li(p,n)7Be reaction-based neutrons irradiation set-up

flange, and the target stack to be irradiated was pasted at the front side of the flange. The
neutron irradiation set-up is presented in Fig. 2, and the quantitative details related to the
irradiation are given in Table 1.

For the present measurement, a highly pure KI (potassium iodide) powder was used in the
shape of a pellet with a diameter of 1 cm and a thickness of 0.3 cm packed in a polythene bag.
The natural indium foil with a thickness of 0.05 cm enfold in a pure aluminium foil of thickness
0.025 mm was used for the neutron monitor. 115In(n,inl)115Inm reaction was considered as
a reference reaction for the monitor. IRDFF-1.05 standard data library was used to get the
cross section of monitor reaction [20]. In the experimental set-up, the activation sample was
placed at a distance of 9.0 mm from the 7Li-target, and the stack of activation samples was
placed at zero degrees with respect to the beam direction. The other details of the activation
samples are summarized in Table 2.

Since in the present experiment we have used the continuous proton beam produced from
the FOTIA accelerator, hence, the time-of-flight technique cannot be implemented to get
the spectrum of neutron energy, and therefore, the simulation code EPEN-(Energy of Proton
Energy of Neutron) was used [21,22]. EPEN is a specially designed simulation code based on
the 7Li(p,n)7Be reaction for the evaluation of neutron flux energy spectrum. The code works
for the incident proton energies from the reaction threshold (i.e. 1.880 MeV) to 7.0 MeV.
The detail about the input parameters and formalism used in the EPEN code to produce the
neutron flux energy spectrum has been provided in Ref. [21]. The present incident proton
energies exceed the energy threshold of the 1st excited energy level of 7Be (i.e. 2.37 MeV)
and threshold (i.e. 3.70 MeV) of three-body breakup 7Li(p,n+3He)4He reaction; therefore,
the neutrons of interest are accompanied by the lower energy background neutrons produced
through 7Li(p,n1)7Be∗ reaction and also the neutron yield from 7Li(p,n+3He)4He reaction
channel. The magnitude of the neutron production yield from 7Li(p,n+3He)4He reaction
channel is negligible at the present proton energy, whereas the magnitude of (p,n0) group
neutron yield is around 90% followed by the magnitude from 7Li(p,n1)7Be∗, which is less
than 10% [23,24]. To account for the correction of the contribution or the magnitude of the
lower energy neutron from 7Li(p,n1)7Be∗ reaction, the needful correction has been done in
the present work and is discussed in subsection 2.2. The neutron flux energy spectrum of
(p,n0) and (p,n1) group neutrons obtained from EPEN code is presented in Figs. 3–4. It can be
observed that the neutron spectrums of (p,n0) are having a spread which is due to the proton
energy loss in the 7Li target and the neutron spectrum average energy value produced from
7Li(p,n0)7Be reaction was obtained by using the following equation given by [25,26]

< En >= [
∫
E × Φ0(E)dE
∫

Φ0(E)dE
] (1)
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Table 1 Details of the neutron irradiations of the present measurement

Ep Beam current < En > Neutron flux
(MeV) (nA) (MeV) (n/cm2/s1)×106

2.6 100 0.60 5.406

3.2 100 1.26 2.202

4.4 100 2.51 3.456

where the neutron flux for (p,n0) energy spectrum is denoted by Φ0(E) obtained from EPEN

code. For Ep = 2.6, 3.2, and 4.4 MeV, the spectrum-averaged neutron energies with their
energy spread estimated using EPEN code are 0.60 ± 0.01 MeV, 1.26 ± 0.02 MeV, and 2.51
± 0.02 MeV, respectively.

2.1 Offline γ -ray spectroscopy

The activation samples were irradiated with the neutrons up to the fifth half-life of residue
product (128I) to produce enough induced activity in the samples. After the exposure of
neutrons in the targets, the irradiated targets were brought from the experimental hall to the
gamma counting room for the offline γ -ray spectroscopy. The induced activity in the iodine
sample was counted after the cooling interval, and then, the induced activity in the indium foil
was counted. The timing details of the present measurement, such as irradiation (tirr ), cooling
(tcool ), and counting (tcount ) times, are summarized in Table 3, and the decay data details of
the sample and monitor reactions are summarized in Table 4. The induced activity of 442.90
and 336.24 keV high-intense γ -rays produced from 127I(n,γ )128I and 115In(n,inl)115Inm

reactions, respectively, were measured with the precalibrated 185-cc HPGe detector system
whose relative efficiency was 30% and the energy resolution was 1.8 keV for 1.33 MeV γ -
ray energy of 60Co. The CAMAC-based LAMPS software was used for the data acquisition
and analysis. The calibration and efficiency measurement of the detector were done with
the 152Eu point-source, having initial activity (A0) = 6659.21 ± 81.60 Bq as on 01-10-1999
with a half-life (t1/2 = 13.517 ± 0.009 y [29]). The detector efficiency for the point source
is calculated using the following equation:

εp =
[

CKc

A0 Iγ e−λtΔt

]

(2)

whereC is the photo-peak counts for a particular γ -ray energy (Eγ ) in the counting time (Δt =
4800 s), and Iγ is the gamma intensity for a particular Eγ of 152Eu point-source retrieved from
ENSDF [29]. Kc is the correction factor for γ -ray coincidence summing effect calculated
using the EFFTRAN code [30,31], and t is the elapsed time between the date of manufacture
of the source and the date of counting. The distance between the target/source and the detector
endcap was 2.0 mm. The obtained efficiency value for the point source (εp) was transferred
to the efficiency for the sample geometry source (ε) using the EFFTRAN code, which are
summarized in Table 5. The efficiency value of the characteristic γ -ray energy is calculated
using the following equation

ε(Eγ ) = [
εoexp(−Eγ /E0) + εc

]
(3)

where (εc, εo, and E0) are the fitting parameters of the above-mentioned function [25,32].
The interpolated efficiency fitting curve along with the efficiency data points (ε) is plotted in
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Fig. 3 Neutron spectrum generated from EPEN code for Ep = 2.6 ± 0.02 MeV (left) and Ep = 3.2 ± 0.02
MeV (right)

Fig. 4 Neutron spectrum
generated from EPEN code for
Ep = 4.4 ± 0.02 MeV

Table 3 Timing details of the present measurement

< En > (MeV) Reaction tirr (s) tcool (s) tcount (s)

0.60 6840 194 614

1.26 127I(n,γ )128I 7320 163 602

2.51 7975 365 1080

0.60 6840 832 721

1.26 115In(n,inl)115Inm 7320 4031 660

2.51 7975 3317 601

Table 4 Decay data parameters and their uncertainties considered in the present data analysis

Reaction Residue product Half-life (t1/2) Eγ (keV) Iγ (%) Reference

127I(n,γ ) 128I 24.99 ± 0.02 min 442.90 12.61 ± 0.08 [27]
115In(n,inl) 115Inm 4.486 ± 0.004 h 336.24 45.9 ± 0.1 [28]
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Table 5 Detailed data set of the different attributes involved in the detector calibration and analysis of the
efficiency measurement of the HPGe detector

Eγ (keV) Iγ Counts (C) Kc εp ε

121.78 0.2853 ± 0.0016 325692.0 ± 7723.8 1.165 0.052143 0.051778 ± 0.001413

244.69 0.0755 ± 0.0004 57207.9 ± 940.3 1.230 0.036540 0.036285 ± 0.000769

344.27 0.2659 ± 0.0020 167719.9 ± 2992.7 1.113 0.027525 0.027332 ± 0.000626

411.11 0.02238 ± 0.00013 9837.2 ± 252.5 1.288 0.022206 0.022051 ± 0.000640

778.90 0.1293 ± 0.0008 35816.8 ± 498.8 1.165 0.012652 0.012564 ± 0.000246

867.38 0.0423 ± 0.0003 9139.4 ± 164.0 1.274 0.010792 0.010716 ± 0.000245

964.05 0.1451 ± 0.0007 35076.6 ± 546.6 1.099 0.010416 0.010343 ± 0.000211

1112.94 0.1367 ± 0.0008 30554 ± 795.1 1.045 0.009157 0.009093 ± 0.000267

1408.01 0.2087 ± 0.0009 37166 ± 775.1 1.069 0.007463 0.007411 ± 0.000182

Fig. 5. The value of linear correlation coefficient (R) of the data fitting in Fig. 5 is 0.99835.
The obtained fitting parameters’ value along with its covariance matrix is summarized in
Table 6, which is further needed to generate the covariance matrix between the interpolated
efficiencies of the characteristic γ -ray energy of the residue products [7,25]. The covariance
matrix has been generated by using the methodology as given in equation 38 of Ref. [7].
The obtained results of interpolated detector efficiency for the characteristic γ -ray energy of
the sample (128I, εs) and monitor (115Inm , εm) residue products with its covariance matrix
are summarized in Table 7. The above-given methodology for calculating the interpolated
efficiencies and covariance matrix between them also has been used in our previous report
[33,34].

2.2 Cross section determination and its uncertainty quantification

The cross section (< σs >) for 127I(n,γ )128I reaction was determined using the following
neutron activation formula

< σs >=< σm > × [η] ×
[
As ImλsamNm fm
Am Isλmas Ns fs

]

×
[
Cγ (s) ∗ Nlow(s)

Cγ (m) ∗ Nlow(m)

]

(4)

where (< σm >) is the monitor cross section averaged over the (p,n0) neutron flux energy
spectrum, (As,m) is the activity of γ -rays produced from the reaction residue detected by the
HPGe detector, (Is,m) is the γ -ray intensity of the characteristic γ -ray of the residue product,
(λs,m) is the decay constant for the residue product, (η) is equal to the ratio of sample and
monitor efficiency, (as,m) is the isotopic abundance, and (Ns,m) is the number of the target
atoms. The timing factor for the sample and monitor reactions ( fs,m) is calculated by the
following equation

fs,m = [
1 − e−λtirr ] × e−λtcool × [1 − e−λtcount

]
(5)

where the symbol tirr , tcool , and tcount are defined above in subsection 2.1. In the cross section
calculations, we have also considered the corrections related to the γ -ray self-attenuation
(Cγ ) and low-energy background neutron contribution (Nlow) correction factor in the cross
section formula. The discussion of the correction factors due to Cγ and Nlow is given below
followed by the approach for calculating spectrum-averaged monitor cross sections, as well
as their uncertainties and correlation coefficients.
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Fig. 5 Interpolated detector
efficiency fitting curve along with
the measured detector
efficiency (ε)

Table 6 Parameter values of the efficiency (ε) fitting curve with its covariance matrix

Parameters Value Covariance matrix

εc 0.00761 ± 4.32300×10−4 1.8688×10−7

ε0 0.0675 ± 0.00278 5.24×10−7 7.70×10−6

E0 (keV) 281.36776 ± 15.5658 −0.0052 −0.03545 242.294

Table 7 Efficiency of the HPGe detector for the γ -rays produced from the residues of sample and monitor
reactions with their uncertainty and covariance matrix

Reaction Eγ (keV) Efficiency Covariance matrix

127I(n,γ )128I 442.90 0.02151 ± 0.00050 2.5669×10−7

115In(n,inl)115Inm 336.24 0.02795 ± 0.00052 2.4921×10−7 2.7151×10−7

2.2.1 Correction factor (Cγ ):

The correction factor (Cγ ) for the self-absorption of γ -ray within the sample is determined
using the equation [35–37]

Cγ =
[

μmρd

1 − exp(−μmρd)

]

(6)

where the thickness of the sample is denoted by (d) having density (ρ), and the mass attenu-
ation coefficient is represented by (μm). The XMuDat version 1.0.1 [38] software was used
to calculate the mass attenuation coefficient for each sample. The obtained self-attenuation
factor for a corresponding γ -ray energy of the residue product is given in Table 8.

2.2.2 Correction factor (Nlow):

The incident proton energies in the present experiment are exceeding the energy threshold
of the 1st excited level of 7Be, and therefore, the neutrons produced from 7Li(p,n0)7Be
reaction contain contribution from the lower energy background neutrons produced by the
7Li(p,n1)7Be∗ reaction. Since the (n,γ ) reaction cross section is very sensitive with neutron
energy, therefore, the subtraction of this (p,n1) neutron background is extremely important for
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Table 8 Correction factors (Cγ and Nlow) considered in the measured (n,γ ) cross section

Reaction Sample Eγ (keV) Cγ < En > (MeV) Nlow

127I(n,γ )128I KI 442.90 1.0707 0.60 0.9855

1.26 0.8889

2.51 0.8864
115In(n,inl)115Inm In foil 336.24 1.0257 0.60 0.9993

1.26 0.9749

2.51 0.9194

the precise determination of (n,γ ) cross section [22,25,39]; hence, this low energy correction
has been considered and calculated by using the equation 13 of Ref. [25]

Nlow = 1 −
[∫

Φ1(E)(σx (E))dE
∫

Φ(E)(σx (E))dE

]

(7)

where Φ1(E) is the neutron flux for (p,n1) energy spectrum, and Φ(E) is the total neutron
energy flux [Φ0(E)+Φ1(E)] obtained from the EPEN code.σx (E) is the 127I(n,γ )128I reaction
cross section retrieved from the ENDF/B-VIII.0 [13] and 115In(n,inl)115Inm reaction cross
section retrieved from the IRDFF-1.05 data library [20]. Table 8 summarizes the correction
factor (Nlow) obtained for each neutron energy.

2.2.3 Neutron spectrum-averaged monitor cross section (< σm >):

In the present work, 115In(n,inl)115Inm reaction was taken as the reference monitor reaction
and its cross section values were retrieved from the standard data library of the neutron monitor
cross sections, IRDFF-1.05 [20]. In the defined incident proton energies, the production of
neutrons from 7Li(p,n) reaction is not monoenergetic but has some energy spread; therefore,
the IRDFF-1.05 monitor cross section [σm(E)] has been folded by the (p,n0) neutron spectrum
generated from the EPEN code [21,22] using the equation given by [25]

< σm >=
[∫

Φ0(E)σm(E)dE
∫

Φ0(E)dE

]

(8)

We defined the group-wise neutron flux energy spectrum Φi, j , generated from EPEN
code by equation 9, as the same as a group-wise cross section with covariance information
of (σm(E)) provided in the IRDFF-1.05 library to quantify the uncertainties and correlation
coefficients between the different energies monitor cross sections for the current work

Φi, j =
∫ E j,max

E j,min
Φi (E)dE (9)

which satisfy the condition
∑

j Φi, j = 1 and here i is specified as = 1, 2, and 3 for aver-
aged neutron energy < En > = 0.60, 1.26, and 2.51 MeV. For each i, there are j energy
groups defined by the energy group boundaries in IRDFF-1.05 library. The lower and upper
boundaries of the jth energy group were defined by E j,min and E j,max , respectively. Table 9
summarizes the group-wise values for spectrum-averaged neutron energy flux, averaged mon-
itor cross sections as well as their uncertainties and correlation coefficients, where j = 1−3,
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4−6, and 7−9 groups are defined for neutron energy (< En >) = 0.60, 1.26, and 2.51 MeV,
respectively.

Using the covariance matrix given in the IRDFF-1.05 library, we have propagated the
covariance matrix for the present spectrum-averaged neutron monitor cross sections by using
the equation 45 as given by [7]

Cov(< σm >i ,< σm >k) =
N∑

j=1

N∑

l=1

φi, j × [
Cov(σ j , σl)

] × φk,l (10)

where the number of points in a given group is denoted by the letter N.

Cov(σ j , σl) = �σ j × �σl × [
Cor(σ j , σl)

]
(11)

After calculating the covariance matrix from the above equation, we have generated the
correlation coefficients between the neutron monitor cross sections by using equation

Cor(< σm >i ,< σm >k) =
[

Cov(< σm >i ,< σm >k)

� < σm >i × � < σm >k

]

(12)

In the literature [25,34,39], the same above process has been applied. Table 10 indicates
the obtained monitor cross sections < σm > for each averaged neutron energy along with
its uncertainties and the correlation coefficients, which are used in further data analysis
for constructing the correlation matrix between the different neutron energy 127I(n,γ )128I
reaction cross sections.

The neutron flux calculated from the γ -ray activity of 115Inm is 5.406×106 (14.38) n/cm2/s
at 0.60 MeV, 2.202×106 (7.15) n/cm2/s at 1.26 MeV, and 3.456×106 (4.65) n/cm2/s at
2.51 MeV neutron energy. In the data analysis of the neutron flux calculation, both correction
factors (Cγ and Nlow) are taken in account.

The essential attributes involved in the cross section determination are the number of target
atoms (Ns,m), isotopic abundance (as,m), γ -ray activity (As,m), γ -ray intensity (Is,m), timing
factor (f s,m), detector efficiency ratio (η), and spectrum-averaged monitor cross section (<
σm >). The total uncertainty of the measured cross section was obtained by considering the
fractional uncertainty (%) from all these above attributes. However, the fractional uncertainty
for the isotopic abundance (as) of the 127I has been omitted in the present case as this element is
mono-isotopic with 100% isotopic abundance. Since the present cross section measurement
is the relative measurement, therefore, we have introduced the (η = εm/εs ), i.e. detection
efficiency ratio in the activation cross section formula as given in Eq. 4. The η value and its
fractional uncertainty were propagated using the equation 39 of Ref. [7]

(�η/η)2 = [
(�εs/εs)

2 + (�εm/εm)2 − 2Cov(εm, εs)/(εs ∗ εm)
]

(13)

where the obtained detector efficiency ratio (η) with its uncertainty is = 1.2991 ± 0.0111, and
its fractional uncertainty is given in Table 11. The fractional uncertainty for the timing factor
(f s,m) was determined by the methodology given in Sec 4.1.3 of Ref. [7]. Table 11 summarizes
the fractional uncertainties from the various attributes contributing to 127I(n,γ )128I reaction
cross section. The correlation coefficient (x1,x2) defines the correlation between the specific
associated parameter uncertainty of two energies points x1 and x2 MeV, and it is zero for
uncorrelated (Cor(x1,x2) = 0) and 1 for fully correlated (Cor(x1,x2) = 1) [7–9]. From the
obtained fractional uncertainties and correlation coefficients given in Table 11, we have
calculated the total uncertainty and correlation matrix between the different energies cross
sections by following Sect. 4.1.4 of Ref. [7].
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Table 12 Experimentally measured neutron spectrum-averaged (n,γ ) reaction cross sections (in barns) for
iodine with their total uncertainty and their correlation matrix

Reaction Neutron energy Cross section � < σs > Correlation matrix

< En > (MeV) < σs > (%) (x1,x2)

127I(n,γ )128I 0.60 0.04758 ± 0.00712 14.96 1.0000

1.26 0.03158 ± 0.00302 9.55 0.1395 1.0000

2.51 0.02734 ± 0.00175 6.40 0.1285 0.2014 1.0000

3 Nuclear model calculations

The nuclear model calculations for (n,γ ) reaction cross section of 127I iodine nucleus have
been done by using the standard nuclear reaction model codes TALYS-1.9 and EMPIRE-3.2 in
the neutron energy range 0.2 to 6.0 MeV [40,41]. These codes consider the impacts of level
density parameters and different reaction mechanisms, i.e. direct reaction, preequilibrium
emission, and compound nucleus in estimating the cross section as a function of the incident
particle energy [42–44]. We have done the theoretical calculations with the different sets
of input parameters defined for different nuclear models used in the codes. The obtained
theoretical results were also compared with the ENDF/B-VIII.0, JEFF-3.1/A, TENDL-2019,
and JENDL-4.0 evaluated nuclear data.

In TALYS-1.9 code, the calculation was done with the predefined local optical model
(OM) potential parameters described by Koning and Delaroche [45]. The Hauser–Feshbach
(HFB) statistical model was used for the calculation of the compound nucleus contribution
along with the Moldauer model for width correction [46,47]. The γ -ray strength function
given by Brink–Axel Lorentzian formalism was used for calculating the γ -ray transmission
coefficients (strength 2). For calculating the nuclear-level density parameters different models
are available in the TALYS code; however, the best-estimated cross section result was obtained
by using the generalized superfluid model (ldmodel 3). The important input parameters
required to nuclear models for cross sections calculations were taken from the RIPL-3 library
[48].

In the case of EMPIRE-3.2 code, the calculation of the nuclear level density parameters is
done with the EMPIRE-specific level densities model (LEVDEN 0), which is the default model
used in EMPIRE code. The optical model (OM) potentials and transmission coefficient calcu-
lations were done with the ECIS-06 code used in EMPIRE. In the ECIS-06 code calculations, the
OM potential parameters described by Koning and Delaroche [45,48] were employed. The
compound nucleus (CN) contribution [49] was predicted using the statistical HFB model. In
addition, the HRTW model [50] was used for width fluctuation adjustments, with the default
value of 3.0 MeV for the incident neutron in the EMPIRE code. In EMPIRE code, different
γ -ray strength functions are available for the calculation of γ -ray transmission coefficients;
however, the best-estimated cross section result was obtained by using the EGLO-enhanced
generalized Lorentzian (GSTRFN 4) function.

4 Results and discussion

The experimentally measured neutron activation cross sections of (n,γ ) reaction for iodine
nucleus at the neutron spectrum average energy range 0.60−−2.51 MeV with its uncertain-
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Fig. 6 Experimentally measured
cross sections result of
127I(n,γ )128I reaction and its
comparison with the previously
measured data, theoretically
predicted results, and evaluated
nuclear data

ties and the correlation matrix are summarized in Table 12, and the same is presented in
Fig. 6. Other than the experimental data, we have also plotted the existing cross section data
retrieved from the EXFOR database, theoretically predicted results and ENDF/B-VIII.0,
JEFF-3.1/A, TENDL-2019, and JENDL-4.0 evaluated nuclear data for the detailed com-
parison. The present experimental cross section is represented by black colour in ellipse
shape, while the various other symbols, as shown in Fig. 6, are representing the litera-
ture data from the EXFOR database. The theoretically predicted results of TALYS-1.9 and
EMPIRE-3.2 are represented by black and red colour solid lines, respectively, and JEFF-3.1/A,
ENDF/B-VIII.0, TENDL-2019, and JENDL-4.0 evaluated nuclear data are represented by
dash-dot-dot-dash (cyan colour), dot-dot (magenta colour), dash-dot-dash (orange colour),
and dash-dash (olive colour) lines, respectively. From Fig. 6, it can be observed that the
present experimental results follow the existing cross section data trend, i.e. decreasing of
capture cross section with increasing neutron energy. The cross sections data at energies
below 2.0 MeV reported by Martin et al. [51] superseded all other existing data reported by
different groups, and the present experimental results at neutron energies 0.60 and 1.26 MeV
underestimate the existing and evaluated data. The cross section at 2.51 MeV, on the other
hand, shows a similar trend to that seen in the cross section data reported by Johnsrud et al.,
[52], but is lower than the cross sections reported by Stavisskii et al. [53] and Leipunskiy
et al. [54], and is consistent with the evaluated nuclear data. At energy above 2.0 MeV, the
TALYS-1.9 and EMPIRE-3.2 calculated cross section results are also consistent with the present
measured cross section, and also the trend of excitation function results of TALYS-1.9 and
EMPIRE-3.2 are consistent with the literature cross sections and ENDF/B-VIII.0, JEFF-3.1/A,
TENDL-2019, and JENDL-4.0 evaluated nuclear data in the described energy range.

5 Conclusions

The neutron activation cross section for the (n,γ ) reaction for the iodine nucleus has been
experimentally measured in the spectrum average neutron energy range of 0.60−−2.51 MeV
in the present manuscript. The γ -ray spectra of the residue product were measured offline with
the lead-shielded HPGe detector system. The quasi-monoenergetic neutrons were produced
through the 7Li(p,n)7Be reaction using the charged-particle accelerator at BARC, Mumbai.
115In(n,inl)115Inm reaction was considered as a standard monitor reaction. The needful cor-
rections resulting from the γ -ray self-attenuation process, γ -ray true coincidence summing
and the low energy background neutron contribution were taken into account in the present
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data analysis of the measured cross sections. The covariance analysis was performed to quan-
tify the uncertainties of the measured cross sections and to generate the correlation matrix,
which has been done very first time for the 127I(n,γ )128I reaction. The present experimental
results follow the trend of the existing cross section curve; however, the magnitude of the
cross sections obtained at energies below 2.0 MeV are lower than the existing data and the
evaluated data, whereas the cross section magnitude at energy above 2.0 MeV agree well with
the literature cross section data and theoretically predicted results from the codes TALYS-1.9
and EMPIRE-3.2 as well as with ENDF/B-VIII.0, JEFF-3.1/A, TENDL-2019, and JENDL-4.0
evaluated nuclear data.
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