Nuclear Science and Techniques (2026) 37:120
https://doi.org/10.1007/541365-026-01935-0

=

Check for
updates

Reliability evaluation on partial photoneutron cross sections
for 142-146,148,150Nd

Yu-Long Shen'?3® . Zhi-Cai Li' - Ting-Kai Ma' - Wen-Yu Tan' - Ting Wu' - Xin-Xiang Li'3
Gong-Tao Fan? - Rui-Rui Xu* - Wen Luo'3

- Ji-Min Wang* - Xi Tao* -

Received: 2 July 2025 / Revised: 21 September 2025 / Accepted: 22 September 2025 / Published online: 11 April 2026
© The Author(s), under exclusive licence to China Science Publishing & Media Ltd. (Science Press), Shanghai Institute of Applied Physics, the Chinese
Academy of Sciences, Chinese Nuclear Society 2026

Abstract

Systematic disagreements exist mainly in the available partial photoneutron cross sections o(y, inX) (i=1, 2), which were
measured using quasimonoenergetic annihilation photons at the Saclay (France) and Livermore (USA) laboratories based
on neutron multiplicity sorting methods. In this study, the reliability of the o(y, inX) for 142~146.148.150N( isotopes obtained
at Saclay was evaluated using an experimental-theoretical method that satisfies the data reliability criteria proposed based
on the theoretical model in TALYS. Our evaluations were then compared with the major Evaluated Nuclear Data Libraries,
and the differences from the available experimental data were analyzed. It was found that the o(y, 1nX) data of Saclay were
overestimated and the o(y, 2nX) data were underestimated in the !44-146:148.150Nd cases, which is consistent with the conclu-
sion of Varlamov; on the contrary, the 6(y, InX) were underestimated and the o(y, 2nX) were overestimated in the '4>!43Nd
cases. Possible reasons for the above inconsistency in the Nd isotopes were further analyzed. Interestingly, subtracting the
contribution of isotopic target impurities significantly reduced the discrepancy in the '**Nd case. However, this is no longer
applicable to the '*?Nd case, and other factors, including the detector efficiency and accidental coincidence events, should
be fully considered to resolve such discrepancies.

Keywords Partial photoneutron cross sections - 142~146.148.150Nd . TALYS - Experimental—theoretical method - Evaluated
data

This work was supported by the National Key Research 1 Introduction

and Development Program (Nos. 2022YFA 1603300 and
2022YFA1602403), the National Natural Science Foundation of
China (No. 12575133), the Key Laboratory of Nuclear Data Open
Fund Project (No. JCKY24201C151), and the Natural Science
Foundation of Hunan Province, China (No. 2025JJ60020).

The giant dipole resonance (GDR) [1] is a fundamental col-
lective excitation mode in the nucleus. Measurements of
the cross sections of partial photoneutron reactions within
the GDR energy range, primarily (y, InX) and (y, 2nX), are
presented. These data play an important role in obtaining
experimental nuclear reaction data. These data are essential
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xuruirui @ciae.ac.cn for studies on GDR CXCltEl.tl.OH and the compeFltlon among
its decay channels. In addition, they can be widely used in
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various applications, including beam luminosity monitor-
ing in ultra-relativistic heavy-ion colliders, non-destructive
assay of special nuclear materials, and the development
of new production routes for medical radioisotopes [2-5].
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Recently, experimental measurements of the photoneutron
cross sections for some nuclides of interest, including '°’Au,
159Tb, and %Cu, have been performed and researched at the
Shanghai Laser Electron Gamma Source (SLEGS) [6-9].
Neodymium (Nd) isotopes (14>7146.148.150Nd) are key nuclei
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for probing the nuclear structure of the giant dipole reso-
nance (GDR) and are important fission products in activa-
tion analysis and reactor physics. In 1971, Carlos et al. [10]
employed quasimonoenergetic annihilation photon beams
[11, 12] based on positron annihilation and a large Gd liquid
scintillation detector to measure the photoneutron cross sec-
tions for Nd isotopes at the Center d’Etudes Nucleaires of
Saclay laboratory (France) [13—15]. The experimental data
were included in the experimental nuclear reaction database
(EXFOR) [16]. The cross sections for the partial reactions
(7, 1nX) and (y, 2nX) of 142~146.148.150N were measured only
once using the neutron multiplicity sorting method with a
quasimonoenergetic y-ray source. However, according to
Varlamov’s research, there may be systematic disagree-
ments in the experimental data based on the Center d’Etudes
Nucleaires of Saclay laboratory. An empirical conclusion
was proposed and validated for 52 nuclei, excluding Nd.
For the experimental data from the Saclay laboratory, the
o(y, InX) data were overestimated, and the o(y, 2nX) data
were underestimated [17-19].

Subsequently, Xu et al. [20] performed preliminary cal-
culations and data evaluations for Nd isotopes using the
MEND-G codes [21] in combination with experimental data,
and the results were incorporated into CENDL—-3.2. How-
ever, significant discrepancies exist between the experimen-
tal data and the major nuclear data libraries CENDL-Beta
[22], IAEA-2019 [23], TENDL-2023 [24], and JENDL-5
[25]. Since experimental measurements serve as a crucial
foundation for the photonuclear database, it is worthwhile
to evaluate and analyze the reliability of photonuclear data
for 142-146.148.150N(, thereby supporting systematic evalua-
tions and the development of comprehensive nuclear data
libraries.

For data evaluation, y strength function [26, 27] is impor-
tant for photoneutron reactions, as it provides the energy-
dependent transition strength of y-rays and is directly related
to the spectrum of absorbed y-rays.

In this study, we evaluated the reliability of the experi-
mental data, analyzed the potential uncertainty in previ-
ous experiments, and obtained new evaluated data for Nd
isotopes. Including the influence of y strength function,
the optimal model was selected based on its consistency
with the experimental cross sections. For the evaluation of
144-146,148,150Nd, we found o®*P(y, InX) was overestimated
and ¢**P(y, 2nX) was underestimated, consistent with the
conclusion of Varlamov. However, the results of 142143Nd are
inconsistent with the conclusion of Varlamov. In the present
study, the influence of target uncertainty was considered, and
the data of '*Nd were corrected. These results examine the
conclusions reported in the study by Varlamov and provide
guidance for future high-precision measurements of photo-
neutron cross sections in the Nd isotopic chain using new y
-ray sources.
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The theoretical-experimental method for evaluating
is introduced in Sect. 2. The experimental data and new
evaluation obtained are analyzed in Sect. 3. The uncertainty
between them is discussed in Sect. 4. Finally, the conclu-
sions and perspectives are given in Sect. 5.

2 Method
2.1 The experimental-theoretical method

An experimental-theoretical method independent of neu-
tron multiplicity sorting was proposed in Ref. [28, 29] to
obtain partial photoneutron cross sections free of systematic
uncertainties. The method is based on using neutron yield
reaction cross section o (y, xn) data as the initial experimental
information,

0q = o(y,xn)
=o(y, In) + o(y,np) + o(y,na) + -+
+20(y,2n) + 206(y, 2np) + 206(y, 2na) + -+ (D

= Z idinX’
i
and for the total photoneutron reaction cross section o(y, sn),

6 = o(y,sn)
=o(y,1n) + o(y,np) + o(y, na) + --
+ o(y,2n) + o(y,2np) + o(y, 2na) + --- 2)

= Z"mx
i

T. Kawano et al. [23] pointed out when the emission of
charged particles is negligible in experimental photonuclear
reaction, the measured one-neutron emission cross section is
identical to that for the production of the (Z, A — 1) nucleus.
In this case, the measured one-neutron emission cross sec-
tion o(y, 1nX),

O1x = o(y, InX) 3
=o(y,In)+ o(y,np) + o(y,na) + ..., )
where X stands for anything except i-neutrons.

Figure 1 compares the theoretical and experimental data
of o(y, InX) and o(y,2nX) for '**Nd. The experimental
data were obtained using quasimonoenergetic annihilation
photons and a Gd liquid scintillation detector at the Saclay
laboratory, while the theoretical data were calculated using
the modern Hauser-Feshbach nuclear reaction code TALYS
(version 1.96) [30]. The discrepancy between the theoreti-
cal and experimental data may originate from substantial
systematic uncertainties associated with the neutron multi-
plicity sorting method employed at Saclay.
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Fig.1 (Color online) (a) (y,1nX) reaction, (b) (y,2nX) reaction.
Comparison of the experimental cross sections for '**Nd measured at
the Saclay laboratory with TALYS calculations using default param-
eters

Due to these systematic uncertainties, Varlamov et al.
[29] introduced the transition multiplicity function F;,
defined as a reliability criterion for partial photoneutron
cross sections in the form of a ratio,

o(y,inX)

O

F. =

i “
to facilitate the evaluation of the experimental partial pho-
toneutron cross sections.

According to Eq. (4), values such as F; > 1.0 or
F, > 0.50 cannot be considered reliable. F; values larger
than the mentioned top limits indicate that the experimental
sorting of neutrons between partial reactions has been car-
ried out with large systematic uncertainties; therefore, the
obtained reaction cross sections are not reliable. It should
also be emphasized that, because F; is defined purely as a
ratio of cross sections, its values must always be positive.

The evaluated partial photoneutron cross sections ¢
(7, inX) are obtained by multiplying the experimental photo-
neutron yield cross section c%*P(y, xn) given in Eq. (1) by the
theoretical functions F?h computed with the theoretical code,

o®(y,inX) = F{'¢"P(y, xn)

o(y,inX) ., (5)
= —""6%"P(y,xn),
o (y,xn)

where the 6"(y, xn) is the theoretical photoneutron yield
cross section, and the 6™(y, inX) is the theoretical partial
photoneutron reaction cross section.

The differences between the experimental and the evalu-
ated cross sections were determined separately for reactions
(7, InX) and (y, 2nX),

Ao, = A(y, InX) = 6(y, InX) — 6**¥(y, 1nX), (6)

Ao, = A(y,2nX) = 6*P(y, 2nX) — ¢°*¥(y, 2nX). 7

In Refs. [31-36], the experimental partial photoneutron
cross sections obtained by quasimonoenergetic annihilation
photons of many atomic nuclei (°21:92947Zr, 115In, 112-124gp,
159T, 186.188,189,190.192(5 208pp_etc.) were analyzed using an
experimental—theoretical method and obtained new evalu-
ation data.

2.2 y strength function models

The key to obtaining the theoretical F; values is to deter-
mine the photoneutron yield cross sections of 142-146.148,150
Nd. These cross sections were calculated with common
classical y strength function models in TALYS, and the
results were compared by means of y? analysis,

2
2 1 (O-th - Gexp)

TENTT ®

err

where N is the total number of experimental points, 6y, Oy,
and o,,, are the theoretical value of the neutron yield cross
sections, the experimental measurement value of the neutron
yield cross sections, and the uncertainty of the experimental
measurement value, respectively.

The theoretical photoneutron yield cross sections o(y, xn)
of '*Nd, calculated using Eq. (1), are shown in Fig. 2, along
with the experimental data [37—47]. y-ray strength functions
play a crucial role in describing transitions involving y rays
in nuclear reactions [48, 49]. Figure 2 demonstrates that the
choice of y-ray strength function has a considerable impact
on the calculated photoneutron yield cross sections.

As shown in Fig. 3, for A > 145, the Brink—Axel Lorentz-
ian (BAL) model is very close to Goriely’s 7-dependent HF
model and Goriely’s hybrid model, while for A < 143, the
BAL and the SMLO models describe the data equally well.
The BAL model generally results in the lowest y? values
over all isotopes, with only a minor deviation at A = 150,
where Goriely’s hybrid model performs marginally bet-
ter. The average y? value obtained using the BAL model is
11.41. To ensure consistent and systematic treatment across
the entire isotopic chain, the BAL model was adopted in the
present analysis. A quantitative comparison shows that the
average relative deviations in neutron multiplicity functions
(F,, F,) between other ySF models and BAL are 10.60%
12.53% 10.69% 9.21% 8.79% 13.59% 7.37% 6.86% and
10.15% for models 1 through 10 (excluding 2), indicating
that moderate differences exist among the models and war-
rant consideration in model-based evaluations.
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Fig.2 (Color online) The experimental photoneutron yield cross sec-
tions & (y,xn) of #Nd obtained at Saclay laboratory and compared
with the ten y strength function models calculations in TALYS (1,
Kopecky-Uhl generalized Lorentzian [37], 2, Brink—Axel Lorentz-
ian [38, 39], 3, Hartree—Fock—Bogoliubov tables [40], 4, Hartree—
Fock BCS tables [41], 5, Goriely’s hybrid model [42], 6, Goriely
T-dependent HFB [43], 7, T-dependent RMF [44], 8, Gogny DIM
HFB+QRPA [45], 9, SMLO [46], 10, Skyrme HFB+QRPA [47])

The Brink—Axel Lorentzian model is based on the
Brink—Axel hypothesis [50], which states that the photon
absorption cross section is independent of the excitation
energy of a nuclear system and is an assumption used in
nuclear structure studies and calculations. This model offers
a solid theoretical basis for our analysis, balancing the reli-
ability and precision of neutron interaction modeling.

Fig.3 (Color online) The y?

200

The parameters of y-strength function models for each
nuclide are listed in Table 1, where E, I', and ¢ are the
energy center value, width, and strength of the formant,
respectively.

Using the Brink—Axel Lorentzian model in TALYS, the
theoretical neutron multiplicity functions F' th were obtained
using Eq. (4) and are shown in Fig. 4. These results were
compared with the experimental neutron multiplicity func-
tions foP derived from the '**Nd data measured at the
Saclay laboratory.

Up to the (y, 2nX) reaction threshold of S,, = 13.94 MeV,
F'" remains equal to 1. Once the (v, 2nX) channel opens, F\"
diminishes in correspondence with the competition from the
growing o(y, 2nX) and shrinking o(y, InX) cross sections,
eventually approaching zero.

There is a clear discrepancy between the experimental
and calculated values of F, and F,. The F; " value is con-
sistent with F}h value only when the y energies are below
the two-neutron separation energy S,,. For y energies above
S,,, the FT *P shows an overestimated trend and F. sz shows an
underestimated trend. This suggests that in the Saclay (y, xn)
measurements of Nd isotopes, (y, 2nX) events may have been
erroneously classified as (y, InX) events.

3 Result

After F,is determined, the evaluated value of the photoneu-
tron reaction cross section can be calculated using Eq. (5).
c®(y, inX) for Nd isotopes are displayed in the following

values obtained with the experi-
mental photoneutron yield cross
sections o(y,xn) and compared -
with the ten y strength function
models in TALYS
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Table 1 Photoneutron yield model parameters for 142-146.148.150Nq in
TALYS with Brink—Axel Lorentzian model

Nuclide E (MeV) I (MeV) & (mb)
142Nd 14.94 4.44 359.00
13Nd 15.01 4.75 349.00
144Nd 15.05 5.28 317.00
145Nd 14.95 6.31 296.00
146Nd 14.74 5.78 310.00
148Nd 12.76 3.97 220.00
15.48 5.30 107.00
150Nd 12.30 3.38 175.00
16.04 5.17 223.00
15
(a) “Nd(y, 1nX)
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- L
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Fig.4 (Color online) The experimental neutron multiplicity functions
F, (a) and F, (b) for the isotope 1%4Nd, obtained from data measured
at the Saclay laboratory, are compared with TALYS calculations per-
formed with default parameters, except that the y strength function
was chosen by the BAL model

paragraph. The results can be classified based on the com-
parison between 6%*°(y, inX) and 6" (y, inX) at energies
above the two-neutron threshold §,,. (A) In most energy
regions (approximately 90%), case of Ao, <0 is satis-
fied, as observed for '44-146.148.150Nq; (B) In most energy
regions (approximately 90%), case of Ao, > 0 is satisfied,
as observed for 143Nd; (C) For some energies, case (A) is
satisfied, while for some energies, case (B) is satisfied, as
observed for '“*Nd. While case (A) is consistent with Var-
lamov’s conclusion, cases (B) and (C) diverge from his
expectations.

3.1 Evaluation of isotopes 144-146.148,150N¢

For the isotope '**Nd, a comparison between ¢°!(y, inX),
o%*P(y,inX) and the existing evaluation data is shown

in Fig. 5. Figure 5a and b indicates the comparison
of "Nd (7, InX) reaction and '**Nd (y,2nX) reac-
tion, respectively. Figure 5c shows that the values of
cP(y,inX) — 6°*¥(y, inX). The integrated cross section
o™ containing the energy ranges of only 1n and In + 2n is
obtained and presented in Table 2.

The average relative deviations (ARD) between the
experimental/evaluated results and the cross sections from
nuclear data libraries are defined as

ARD, = )

|

S =
=

5'
? =4

%

1 Z |Gllb eva]l

Ocval |

ARD,

(10)

Here, n denotes the number of experimental points, 6, is
the experimental cross section, o,,, is the evaluated cross

section obtained in this study, and oy, represents the cross
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Fig.5 (Color online) The comparison between "(y,inX),

6®P(y,inX) and the existing evaluation data; a the case of 'Nd
(7, InX) reaction; b the case of '**Nd (y, 2nX) reaction; ¢ the values
of differences Ac;, i = 1,2
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Table2 The integrated o'™ of evaluated cross sections of total and
g

partial photoneutron reactions for various reactions on '**Nd nucleus,

compared to experimental data at Saclay laboratory

Reaction o'g(lp (mb) 6:\1/2 | (mb)
E™ =7.95-13.80 MeV

(y,xn) 532.99 532.99
(y,sn) 532.70 532.99
(v, 1nX) 532.40 532.99
EM=1795-20.21 MeV

(y,xn) 2444.75 244475
(y,sn) 1881.16 1774.12
(v, InX) 1317.58 1103.48
(y,2nX) 563.28 670.62

section values from the evaluated nuclear data librar-
ies. The effectiveness level of the present evaluation is
defined as the difference between the two ARD values, let
effectiveness level = ARD, — ARD,.

As shown in Fig. 5a and b, for the isotope '**Nd, com-
pared with the Saclay measurements c®*P(y, inX), the evalu-
ated cross sections ¢*!(y, inX) show improved consistency
with JENDL-5, CENDL-Beta, and TENDL-2023, whereas
their agreement with IAEA-2019 is comparatively poorer.
These results demonstrate the effectiveness of the proposed
evaluation method. For (y, 1nX) case, the effectiveness lev-
els for databases of JENDL-5, CENDL-Beta, TENDL-2023,
and IAEA-2019 are 3.75%, —5.52%, 14.11%, and —37.21%
respectively. For (y, 2nX) case, the effectiveness levels are
22.76%,3.27%,—27.74%, and —67.67%, respectively.

The differences between the evaluated and experimental
cross sections were determined separately for the reactions
(¥, InX) and (¥, 2nX), as shown in Fig. 5c. At energies below
the threshold S,, of reaction (y, 2nX), where there is little
problem in neutron multiplicity sorting, the difference
between the experimental and theoretical integrated cross
section o(y, InX) is only 0.05% (532.70 mb and 532.40 mb,
respectively). But at high energies where reactions (y, 1nX)
and (¥, 2nX) compete with each other range 13.80 to 20.21
MeV, the data on both differ markedly: 6™ (7, InX) =
570.08 mb, which is 27% smaller than aé‘;;(y, 1nX) (784.88

mb). aé';‘al(y, 2nX) = 670.62 mb, which is 19% larger than
ag)‘(‘p(y, 2nX) (which is 563.28 mb). Such large and opposite-
direction divergences between the cross sections of reactions
(¥, InX) and (v, 2nX) convincingly demonstrate the reasons
for the substantial systematic uncertainties in the experi-
ments at the Saclay laboratory, which are due to the unreli-
able transmission of a large number of neutrons from chan-
nel 2n to channel 1n.

Similar to the conclusions for '**Nd, the evaluated

cross section data for the (y, InX) and (y,2nX) reactions

@ Springer

of 143:146.148.150Nd were compared with the corresponding
experimental results and the values from the evaluated
nuclear data libraries, as shown in Fig. 6. The relative dif-
ferences between integrated 6®*P(y, 1nX) and 6" (y, 1nX)
are 36%, 48%, 26%, 108%, respectively. For (y,2nX), the
relative differences are 14%, 17%, 5%, 21%, respectively.
The relative average differences between the evaluated
cross sections and those from various nuclear data librar-
ies JENDL-5, TENDL-2023, TAEA-2019, and CENDL-
Beta) also exhibited significant variation for 43:146.148,150
Nd. As shown in Table 3, consistent with the conclusions
of 1*4Nd isotope, for the isotopes !4%:146:148.150Nd, the values
of 63 (y, inX) are closer to those of JENDL-5, CENDL-
Beta, and TENDL-2023, whereas the experimental data
0P (y, inX) are more consistent with TAEA-2019.

3.2 Evaluation of isotope '4*Nd

For the isotope '*Nd, a comparison between 62 (y, inX),
0®P(y,inX) and the existing evaluation data is shown in
Fig. 7. Figure 7a and b indicates the comparison of '**Nd
(7, 1nX) reaction and '**Nd (y, 2nX) reaction, respectively.
Figure 7c shows that the values of
c¥P(y,inX) — 6¢*¥(y, inX). The integrated cross section ¢'™™
containing the energy ranges of only In and In + 2n is
obtained and presented in Table 4. Because the experimen-
tal (v, 2nX) cross section still exists at energies below the
S,, threshold, the o-é‘;p of the (y, xn) reaction is larger than
that of the (y, InX) reaction when E™ = 9.31-15.71 MeV.

As shown in Fig. 7a and b, a similar trend is observed
for 3Nd, where 6°¥(y, inX) shows closer agreement
with JENDL-5, CENDL-Beta, and TENDL-2023 than
with IJAEA-2019 when compared to the experimental
data ¢**P(y, inX). This further confirms the effectiveness
of the evaluation method used in this study. For (y, 1nX)
case, the effectiveness levels for databases of JENDL-5,
CENDL-Beta, TENDL-2023, and IAEA-2019 are 3.43%,
2.72%, 2.93%, and —1.55%, respectively. For (y, 2nX) case,
the effectiveness levels are 35.15%, 23.86%, 29.61%, and
—67.91%, respectively.

The differences Ao between the experimental and evalu-
ated cross sections [Fig. 7c] obtained for partial reactions
seem to be ‘mirrored’. Almost all values of (y, InX) are
negative, whereas those of (y, 2nX) are positive. When the
energy range 14.08-19.80 MeV, 6P — ¥ is opposite:
o™ (y,1nX) = 611.71 mb, which is 16% greater than

eval

o™ (v, InX) (which is 524.94 mb). o™ (,2nX) = 140.96
mb, which is 20% smaller than aé‘;(;(y, 2nX)( which is
178.35 mb). For the isotope '43Nd, it is interesting to find

that Ao, is greater than zero and Ao, is less than zero at
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Fig.6 (Color online) The comparison between 6°'¥(y, inX), 6®*P(y, inX) and the existing evaluation data; al-a4 the case of 14>146.148.150N¢

(7, InX) reaction; b1-b4 the case of 14-146.148.150N( (y, 2nX) reaction

these energies. However, the results at 18.71 MeV and
19.80 MeV exhibit opposite behaviors in Ag; and Ao,.

3.3 Evaluation of isotope ¥’Nd

For the isotope '“>Nd, a comparison between ¢**2\(y, inX),
0%P(y,inX) and the existing evaluation data is shown in
Fig. 8. Figure 8a and b indicates the comparison of '*>Nd
(7, 1nX) reaction and '“’Nd (y, 2nX) reaction, respectively.
Figure 8c shows that the values of 6(y, inX) — ¢®*?(y, inX).
The integrated cross sections ¢™ for the energy ranges of
only 1n and 1n + 2n are obtained and presented in Table 5.
Similar to '¥’Nd, since the experimental (y, 2n) cross sections
were still measured below the S,, threshold, the o-é‘;; of the
(v, xn) reaction is larger than that of the (y, 1nX) reaction
when E" = 9.85—17.75 MeV.

As shown in Fig. 8a and b, for the isotope '4’Nd, the evalu-
ated cross sections ¢®'?(y, inX) exhibit improved agreement
with all four major nuclear data libraries compared with the
experimental data 6®*P(y, inX). These results provide further
evidence of the applicability of the evaluation method. For
(7, InX) case, the effectiveness levels for databases of JENDL-
5, CENDL-Beta, TENDL-2023, and IAEA-2019 are 0.64%,
—2.21%,0.95%, and 0.67%, respectively. For (y, 2nX) case, the
effectiveness levels are 43.15%,13.61%, 38.71%, and 12.90%,
respectively.

As shown in Fig. 8c and Table 5, the values of 6**¥(y, inX)
are very close to 6®*P(y, inX) when the y-ray energy is lower
than 17.75 MeV. When the energy is between 17.75 and 20.21
MeV, 6:3‘1/;1()/, 1nX) = 205.65 mb which is 9% smaller than
ag‘(‘p(y, 1nX) (226.08 mb). ‘73;1(7’ 2nX) = 53.36 mb, which is
14% larger than ag;(y, 2nX) (46.53 mb). Notably, as shown in
Fig. 8c, the values of Ao, are less than zero before 18.57 MeV

Table 3 Variations in the

: n t IAEA-2019 JENDL-5 CENDL-Beta TENDL-2023

average relative deviations of

experimental cross sections (y, InX) ¥,2nX) (v, InX)  (y,2nX) (7, InX) (y,2nX) (y, InX) (¥, 2nX)

6“*P(y,inX) and evaluated

cross sections 64! (y, inX) with WSNG —62.4% —2.48%  8.39% 20.06%  16.92% 1922%  16.12%  21.56%

respect to IAEA-2019, JENDL.- 6N —6.12% -553%  7.02% 35.58%  0.75% 19.02%  13.05%  39.93%

3653]5 I;IELl'lzeta’ and TENDL- 4SNd —21.95%  0.98% 1320%  791%  —1087% 1.97% 14.14%  8.77%
T 10Nd —161.89%  —0.54%  31.97%  30.34%  —933%  12.37%  34.13%  32.75%
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Fig.7 (Color online) The comparison between o' (y,inX), Fig.8 (Color online) The comparison between "(y,inX),

6P(y,inX) and the existing evaluation data; a the case of '“*Nd
(7, InX) reaction; b the case of '*’Nd (y, 2nX) reaction; ¢ the values of
differences Ac;, i = 1,2

Table 4 The integrated ¢™™ of evaluated cross sections of total and
partial photoneutron reactions for various reactions on '*’Nd nucleus,
compared to experimental data at Saclay laboratory

6™P(y,inX) and the existing evaluation data; a the case of '*2Nd
(7, InX) reaction; b the case of '“>Nd (y, 2nX) reaction; ¢ the values
of differences Ac;, i=1, 2

Table 5 The integrated 6™ of evaluated cross sections of total and
partial photoneutron reactions for various reactions on '“*Nd nucleus,
compared to experimental data at Saclay laboratory

Reaction ai‘}(;j (mb) o™ (mb) Reaction Gi‘,':p (mb) o™ (mb)
E™=931-15.71 MeV E™ =9.85-17.75 MeV

(y,xn) 1178.26 1178.26 (y,xn) 1602.90 1602.90
(y,sn) 1156.75 1178.26 (y,sn) 1600.19 1602.90
(7, 1nX) 1135.24 1178.26 (7, 1nX) 1597.48 1602.90
E"=931-19.80 MeV E" =9.85-20.21 MeV

(y,xn) 2070.05 2070.05 (y,xn) 1922.05 1922.05
(y,sn) 1865.11 1929.01 (y,sn) 1872.80 1862.05
(7, 1nX) 1660.18 1787.97 (7, 1nX) 1823.56 1808.55
(7,2nX) 178.35 140.96 (y,2nX) 46.53 53.36
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and greater and becomes positive above this energy. The situ-
ation for Ao, is the opposite.

4 Discussion

As shown in the above results, the evaluations of
144-146,148,10Nd are consistent with the conclusion of Varla-
mov, and the difference between ¢ and ¢ is primarily
attributed to detector uncertainty [18, 51]. Meanwhile, some
results different from Varlamov’s expectations were also dis-
covered, such as the results of 142143Nd. In these cases, the
reason for the difference between ¢ and ¢ may also
originate from the isotopic target impurity.

Isotope targets in the oxide form were used for meas-
urements at the Saclay laboratory. The target materials
contained isotope impurities, the parameters of which are
provided in [10]. First, the impurity thresholds should be
checked to determine whether they may influence the meas-
ured results. For (y, InX), if the 1n threshold is lower than
the y-ray energy(S,(i) < E, where i = 1,2, ... denotes the
impurities), the effect of the impurity should be considered;
for (v, 2nX), if S,,(i) < E, the effect of the impurity should
also be considered. Subsequently, the measured cross sec-
tions were refined by subtracting the contributions from
those isotopes within the reaction threshold region (S, and
Sa):

Ototal — X 04

Op y (11)
where o, is the total measured photoneutron cross section
of the sample, o, is the known cross section of element A,
and x and y are the relative isotopic abundances of elements
A and B in the target material, respectively.

The experimental results of eliminating isotope impuri-
ties were re-evaluated, and the Ao, and Ao, are shown in
Fig. 9. (a), (b) and (c) represent case(a), case(b), and case(c),
respectively, in the results section. The purity of the target

had little effect on case(a) and case(c). This is because the
photoneutron cross sections of their impurities are similar,
and the content is relatively low. It can be seen that within
the energy range of 1-2 MeV greater than the S, threshold,
the trends of Ao, and Ao, are exactly opposite to those in the
higher energy region, but their values are within the experi-
mental uncertainty range, as shown by the red band in Fig. 9.
This may reflect the measurement uncertainties arising from
the limited accuracy near the S,, threshold.

As shown in Fig. 9, after eliminating the influence of
impurities in the target '*3Nd (case (b)), the absolute val-
ues of Ao, and Ao, decreased significantly, and more than
80% were within the experimental uncertainty range.
Therefore, the influence of target purity must be fully con-
sidered in experiments and evaluations. Meanwhile, other
factors, including detector efficiency and accidental coin-
cidence events, should be fully considered to resolve such
discrepancies.

Considering these factors, it is effective to employ quasi-
monochromatic y-ray beams generated via laser Compton
scattering (LCS) [52, 53] in combination with flat-efficiency
detectors [54, 55], as this approach is expected to minimize
the observed discrepancies and provide more accurate meas-
urements. For example, ongoing research at the SLEGS
facility [56—61] is advancing this objective, while the estab-
lishment of the ELI-NP facility is expected to lead to new
and more precise measurements [62, 63]

5 Summary

The experimental data for '42-146.148.150Nd, measured at the
Saclay laboratory using a modified photoneutron multi-
plicity sorting method, were evaluated and corrected. The
evaluated physical criteria F; = o(y, in)/o(y, xn) based on
the experimental neutron yield cross sections a®*P(y,xn)
are independent of the neutron multiplicity sorting prob-
lem, and the equations of the theoretical model in TALYS
were used to analyze the systematic uncertainties present in

b (@ v AMNd(y, inX) 601~ (b) A™Nd(y, inX) | () A"Nd(y, inX)
g 8 ¥ A, 1) vy g w0 VA(y, 1nX) g 20l ¥ Ay, 1nX) v
T a0l i a2 Yy ow, g | Aamew g | Aawma v
& y YyY 3 20 ++ A ]
g e | | ﬁ' kS v
S R T LT Gl VG i
S S f A ‘+p+ s 0 T T SIAL S
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Fig.9 (Color online) The differences between the experimental and the evaluated cross sections after correction for isotopic impurities: a the

case of '#2Nd, b the case of '3Nd, ¢ the case of '**Nd
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the experimental cross sections. An experimental-theoreti-
cal method for the evaluation of partial reaction cross sec-
tions was used to determine new cross sections for reactions
(7, 1nX) and (y, 2nX) on 142-146.148.150Nd_ The newly evalu-
ated data are in reasonable agreement with the JENDL-5 and
TENDL-2023 libraries.

The results show that the conclusions for
142,144-146.148.150Nq are consistent with those of Varlamov,
whereas '**Nd exhibits significant deviations from them.
In this study, detector uncertainty and target purity were
considered, and appropriate corrections were applied. Con-
sequently, the absolute values of Ao, and Ao, were sub-
stantially reduced, with more than 80% falling within the
experimental uncertainty range. Therefore, the influence of
isotopic target impurities must be fully considered in exper-
imental measurements and data evaluations. Meanwhile,
there are still some other factors, including the detector
efficiency and accidental coincidence events, that need to
be further studied. The conclusion of this study is helpful
for photoneutron reaction experiments carried out on LCS
y-ray sources.
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