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Comparison of Ichimura-Austern-Vincent and Glauber models for the deuteron-induced inclusive
breakup reaction in light and medium-mass nuclei
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This study focuses on the deuteron-induced inclusive breakup reaction and investigates the (d, pX ) and
(d, nX ) channels for light and medium mass nuclei. To study the double differential cross section of nonelastic
breakup, we employed the models of Ichimura, Austern, and Vincent (IAV) [Phys. Rev. C 32, 431 (1985)] and
the Glauber model with the quantum S matrix [Phys. Rev. C 80, 014604 (2009)], and compared the results for
various reaction systems. Our analysis indicates that the Glauber model combined with the quantum S matrix
yields good agreement with the IAV model in predicting the spectra of the deuteron-induced inclusive breakup
cross section. Moreover, both models accurately predict the experimental data of light and medium mass targets.
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I. INTRODUCTION

Nuclear reactions can provide information about the struc-
ture of nuclei. Recent theoretical and experimental studies
have focused on the breakup reaction, which is a critical
process in reactions that involve weakly bound nuclei [1–11].
Among these reactions, deuteron-induced inclusive breakup
reactions have been particularly important. These reactions
are the processes in which a deuteron collides with a target
nucleus and breaks up into a proton and neutron, allowing
researchers to measure one fragment, either proton or neutron,
without needing to detect the remaining system (shown in
Fig. 1). They have been a variety of applications, including
the synthesis of medical radioisotopes [12] and the utilization
of deuteron accelerators as intensive neutron sources [13].
And also these reactions can provide valuable information
about nucleosynthesis in stars, particularly in regards to the
production of light elements such as Li, Be, and B [14].
Nonetheless, presenting an accurate description of inclusive
reactions is a challenging task for basic nuclear research since
several channels are involved. Such descriptions are critical
for effectively testing the accuracy of reaction mechanism
models and determining nuclear reaction data.

Recently, the (d, nX ) reaction on light nuclei, including Li,
Be, and C, is seen as a promising means of generating intense
neutron beams in the facilities [15]. These neutron sources
have been suggested for various applications, including sci-
entific projects, such as the International Fusion Materials
Irradiation Facility (IFMIF) [13], and also medical applica-
tions, such as boron neutron capture therapy (BNCT) [16].
Therefore, the design of accelerated neutron sources requires
comprehensive and accurate nuclear data on deuteron-induced
reactions across a wide range of nuclei, including Fe, Cr, Ni,
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which are materials used in the construction of accelerators,
and targets. Nevertheless, there is a lack of experimental
data on these reactions. Thus, to investigate inclusive breakup
reactions, different reaction models have been employed, in-
cluding the continuum-discretized coupled-channels (CDCC)
method. Studies have indicated that the CDCC method is
reliable in computing elastic breakup (EBU) which pertains
to the fragmentation into fragments with their ground states
[17,18]. A compound system can form from the combination
of the deuteron and target followed by releasing neutrons
or protons through pre-equilibrium and compound processes.
These processes can be analyzed by the moving source (MS)
model [19], the exciton and Hauser-Feshbach models, which
were mentioned in Refs. [20–22]. This study concentrates on
computing nonelastic breakup (NEB), popularly known as the
stripping process. The process refers to breakup procedures
that entail the incorporation of fragments or target excitation
and the absorption of fragments into the target.

Recently, an integrated code system, DEURACS
(DEUteron-induced Reaction Analysis Code System), has
been developed to describe deuteron-induced reactions and
has been successfully used in analyzing (d, nX ) and (d, pX )
reaction data [15,23–25]. DEURACS consists of various
theoretical models that utilize several calculation methods to
describe unique reaction mechanisms for deuteron-induced
reactions. EBU is calculated using the CDCC method. In
addition, the CCONE system has been utilized to derive the
preequilibrium and compound nucleus processes. NEB, a
combination of spectator neutron (or proton) and participant
proton (or neutron), has been derived using the semiclassical
Glauber model (GM), benefiting from the use of eikonal and
adiabatic approximations. The cross sections of NEB were
computed using the unitarity of the proton (or neutron) S
matrix.

On the other hand, the fully quantum-mechanical model
proposed by Ichimura, Austern, and Vincent (IAV) was

2469-9985/2023/108(1)/014617(8) 014617-1 ©2023 American Physical Society

https://orcid.org/0009-0003-6424-4290
https://orcid.org/0000-0002-2323-2061
http://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevC.108.014617&domain=pdf&date_stamp=2023-07-26
https://doi.org/10.1103/PhysRevC.32.431
https://doi.org/10.1103/PhysRevC.80.014604
https://doi.org/10.1103/PhysRevC.108.014617


LIU, NAKAYAMA, LEI, AND REN PHYSICAL REVIEW C 108, 014617 (2023)

Emitting proton

Any possible
 final states

Incident deuteron
beam

Detector

FIG. 1. The deuteron-induced inclusive breakup reaction.

introduced in the 1980s to describe the inclusive breakup reac-
tion. But unfortunately, this work did not receive widespread
attention after a while. Until the last ten years, the IAV model
was reintroduced and applied to a variety of unstable or sta-
ble nuclei [2–6,10,11,26,27]. Previous studies have proven
the reliability of the IAV model in predicting the produc-
tion of the deuteron-induced inclusive breakup reaction cross
section [2–6,10,11,26].

The reliability of the GM has been questioned in a wider
range of physical scenarios due to its semiclassical approxi-
mation. This study examines the reliability of GM by using
the fully quantum mechanical IAV model.

In the present work, both the GM with the quantum S ma-
trix, which is carried out in the DEURACS, and IAV model are
employed to calculate the double differential cross section of
NEB. To compare with the experimental data, the 58Ni(d, pX )
and 12C(d, pX ) at 56 MeV and 100 MeV are considered. In
addition, the calculations of 58Ni(d, nX ) and 12C(d, nX ) at the
same incident energies are carried out.

The paper is structured as follows. In Sec. II, we briefly
review the IAV model and Glauber model. In Sec. III, the
input parameters are listed here, and the numerical results of
IAV are presented and compared to experimental data and the
Glauber model. Finally, a summary and conclusion are given
in Sec. IV.

II. METHOD

A. IAV model

We briefly cover the model of Ichimura, Austern, and Vin-
cent in this part. In order to address the inclusive breakup
reaction, the IAV model was initially developed in the 1980s
[28]. The reaction under study is considered as

a(= b + x) + A → b + B∗, (1)

where a is the projectile composed of b + x, which collides
with target A, leaving the resident system B∗(= A + x) by
emitting the fragment b. And the resident system B∗ can be
in any possible final state.

The double differential cross section of NEB can be written
as [28,29]

d2σ

dEbd�b

∣∣∣∣
NEB

= − 2

h̄vi
ρb(Eb)〈ψx(kb)|Wx|ψx(kb)〉, (2)

where ρb(Eb) = μbkb/(8π3h̄2) is the density of states with μb

the reduced mass of b + B and their relative wave number kb,
and vi is the projectile-target relative velocity in the incident

channel. The wave function, denoted ψx, for the x channel
can be obtained by solving the inhomogeneous differential
equation:

(Ex − Kx − UxA)ψx(kb, rx) = 〈rxχ
(−)
b (kb)|Vpost|χ (+)

a φa〉, (3)

where Ex = E − Eb, Kx represents the kinetic energy opera-
tor for the relative motion between fragment x and target A,
UxA indicates the participant-target optical potential, and χ

(−)
b

is the scattering wave function with the incoming boundary
condition describing the scattering of b in the final channel in
relation to the x + A subsystem. Furthermore, Vpost = Vbx +
UbA − Ub illustrates the post-form transition operator, where
Vbx represents the potential binding two clusters b and x in the
initial composite nucleus a, UbA is the spectator-target inter-
action, Ub shows the optical potential between the spectator
b, and the subsystem of x + A, χ (+)

a represents the distorted
wave describing the a + A elastic scattering with the outgoing
boundary condition, and φa indicates the initial ground state
of the projectile a.

B. Glauber model

The following section briefly explains the Glauber model;
a semiclassical model that uses eikonal and adiabatic ap-
proximations. The development of the GM in the 1950s [30]
allowed for the analysis of reactions induced by high-energy
particles. The GM states that the differential cross section of
NEB in the center of mass of the p-n system can be expressed
as

dσNEB

dkb
= 1

(2π )3

∫
dbx

{
|1 − |Sx|2|

×
∣∣∣∣
∫

dre−ikb·rSbψa(r)

∣∣∣∣
2 }

, (4)

where bx is the impact parameter of particle x, Sx, and Sb are
the S matrices of participate x and spectator b with respect
to the target A, r is the relative coordinate between fragment
x and fragment b in projectile, kb is the vector of proton
wave number, and ψa is the wave function of the projectile’s
ground state. In Eq. (4), the proton is assumed as the spectator.
NEB emitting neutron is calculated by replacing the roles of
participate and spectator in Eq. (4) comparing to the emitting
proton case.

The double differential cross sections in the laboratory
system are obtained as

d2σ

dEbd�b

∣∣∣∣
NEB

= mbkL
b

h̄2

dσNEB

dkb
, (5)

where mb and kL
b are the mass and the wave number in the

laboratory system of particle b, respectively.
The original GM expressed in Eq. (4) employs the the

eikonal phase shifts. In the present study, we perform the
calculations by replacing the S matrix used in the semiclas-
sical framework with those acquired from the optical model
calculation, so as to consider the quantum mechanical effects.
This approach was previously introduced in Ref. [17] and has
subsequently been adopted in DEURACS.
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TABLE I. Input parameters used in the IAV calculation.

Proton and neutron potential Koning-Deraloche [34]
Deuteron potential An-Cai [31]
Deuteron binding potential Woods-Saxon form

r0 = 1.25 fm, a = 0.65 fm

C. Calculation method for deuteron

From deuteron-induced reactions, inclusive proton emis-
sion double differential cross sections contain contributions
from a variety of reaction processes, including direct pro-
cesses like EBU, NEB, and statistical processes like pre-
equilibrium and evaporation. The inclusive reaction double
differential cross section can be divided into three components
as a result of the various reaction processes:

d2σ(d,pX )

dEd�
= d2σ EBU

(d,pX )

dEd�
+ d2σ NEB

(d,pX )

dEd�
+ d2σ PE+CN

(d,pX )

dEd�
, (6)

where d2σ EBU
(d,pX )/dEd�, d2σ NEB

(d,pX )/dEd�, d2σ PE+CN
(d,pX ) /dEd�

correspond to the double differential cross sections for EBU,
NEB, and statistical decay which includes the pre-equilibrium
emission and evaporation from the compound nucleus (here,
we note these processes as PE + CN), respectively.

First, the CDCC can be used to directly calculate the EBU
component. And the PE+CN component is calculated by
CCONE [20], which applies the Hauser-Feshbach and exciton
models to describe this processes.

We take the result of EBU and PE+CN from the Ref. [15]
and focus on the comparison of NEB for these two models. To
simply the calculation, the inherent spins are disregarded.

III. NUMERICAL RESULTS

A. Input parameters

The optical potential is main input in our calculations. The
final predictions may be influenced by choices of the neutron
and proton potentials as well as the deuteron potential. Several
studies have already examined the significance of optical po-
tentials in the effects of deuteron-induced reactions [31–33].

Thus, in the calculation of the NEB, we employ the same
potentials as in Ref. [21], which are also applied in the GM
calculations with the quantum S matrix. Table I presents
the parameters and models of the utilized optical potentials.
Global optical potentials of Koning and Delaroche (KD) [34]
are employed for neutron and proton. The deuteron potential
used is the global deuteron optical potentials of An and Cai
[31]. We assume that deuteron binding potential is in the
form of Woods-Saxon shape. And its radius and diffuseness
parameters are given in Table I. The depth of it is adapted to
the binding energy of deuteron. In present work, the spin-term
potential is not considered during the calculation.

B. Calculation for (d, pX ) reaction

We analyzed the (d, pX ) reactions with 12C and 58Ni
targets at incident energies of 56 MeV and 100 MeV. We
focused our analysis on the double differential cross section at

outgoing proton angles of 9.5◦ and 10.0◦ in the laboratory
frame, where NEB components dominate the direct processes.
Herein, we present the d2σ/dEd� results obtained from
the models utilized and compare them with the experimental
data [35,36].

Figure 2 illustrates the double differential cross section of
12C(d, pX ) at incident energies of 56 MeV and 100 MeV
as a function of outgoing proton energies at fixed angles of
9.5◦ and 10◦ in laboratory frame. The left panels (a) and (c)
show the inclusive cross sections of 12C(d, pX ). The exper-
imental data were taken from Refs. [35,36]. The inclusive
cross section calculations with the IAV and GM models with
the quantum S matrix are depicted using solid and dashed
lines, respectively. The results demonstrate good agreement
with the experimental data. Panels (a) and (c) reveal two
peaks: a narrow peak in the low emission-energy range that
corresponds to the PE+CN processes and a broad peak at half
of the incident energy contributed by NEB. The right panels
(b) and (d) of Fig. 2 present the NEB results. Both IAV and
GM with the quantum S matrix depict a bell-shaped energy
distribution with peaks at half of the incident energy. Overall,
the two models provide the same shape and magnitude and
exhibit good agreement across the energy range. Nevertheless,
differences are still present in the NEB double differential
cross section at lower outgoing proton energies. However, the
impact of these differences on the agreement level between
experimental data and the inclusive cross section shown in
panels (a) and (c) of Fig. 2 is insignificant.

Figure 3 shows the results of 58Ni(d, pX ) at the incident
energy of 56 MeV and 100 MeV in the laboratory frame. Sim-
ilarly, the experimental data were obtained from Refs. [35,36]
and is represented by circles. The double differential cross
sections of NEB as a function of emitted proton energy in
the laboratory frame are presented as dashed (GM) and solid
(IAV) lines in logarithmic scale in Figs. 3(b) and 3(d), re-
spectively. Similarly to the 12C(d, pX ) reaction, differences
are observed in the NEB double differential cross section of
the 58Ni(d, pX ) reaction. However, as shown in Figs. 3(a) and
3(c), these differences do not significantly affect the agree-
ment of the experiment with the inclusive cross section.

Furthermore, as illustrated in Figs. 2 and 3, the results
obtained from the GM model using the quantum S matrix dis-
agree with the IAV model when the outgoing proton energy is
high. In the high-energy region, energy conservation dictates
low neutron energies with respect to the target, rendering the
semiclassical GM model unsuitable and resulting in differing
NEB cross sections compared to IAV. The similar result can
also be observed at lower outgoing proton energies.

However, these differences in the lower outgoing proton
energies can be disregarded in actual applications. Since the
PE+CN process constitutes the majority of the inclusive dou-
ble differential cross section in the region with low emission
energy, the differences between the two models have little
impact on the inclusive cross section.

Figure 4 displays the double differential cross section for
56Ni(d, pX ) at 56 MeV as a function of the emitted proton
angles in the laboratory frame for different emitted energies,
calculated using the GM model with the quantum S matrix
and the IAV model. The logarithmic scale plot shows the
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FIG. 2. Experimental and theoretical double differential cross section, as a function of emitted proton energy, for the protons emitted in the
12C(d, pX ) with angles of 9.5◦ and 10.0◦ in the laboratory frame, at incident energy of 56 MeV and 100 MeV. The inclusive double differential
cross sections determined using the GM with the quantum S matrix (dashed line) and IAV model (solid line) are shown in the left panels
[(a) and (c)]. And the experimental data are the circles which are from Refs. [35,36]. The contribution of the NEB calculated by the IAV (solid
line) and GM with the quantum S matrix (dashed line), as illustrated in the right panels [(b) and (d)].
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FIG. 3. Experimental and theoretical double differential cross section, as a function of emitted proton energy, for the protons emitted in
the 58Ni(d, pX ) with angles of 9.5◦ and 10.0◦ in the laboratory frame, at incident energy of 56 MeV and 100 MeV. The inclusive double
differential cross sections determined using the GM with the quantum S matrix (dashed line) and IAV model (solid line) are shown in the left
panels [(a) and (c)]. And the experimental data are the circles which are from Refs. [35,36]. The contribution of the NEB calculated by the
IAV (solid line) and GM with the quantum S matrix (dashed line), as illustrated in the right panels [(b) and (d)].
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FIG. 4. Double differential cross section of NEB, as a function of
emitted proton angles, in the laboratory frame, for the proton emitted
in the 58Ni(d, pX ) at incident energy of 56 MeV, calculated by GM
with the quantum S matrix (thinner lines) and IAV (thicker lines),
respectively.

angular distributions of different outgoing proton energies,
represented by thick lines corresponding to the IAV model
and thinner lines relating to GM with the quantum S matrix.
Solid and dashed lines represent outgoing proton energies of
10 MeV and 28 MeV, respectively.

First, both the IAV model and the GM model, with the
quantum S matrix, have similar magnitudes, resulting in com-
parable integrated angular cross sections. Second, at higher
emitted proton energies, the IAV model results concentrate
more at the forward angles compared to the lower energies.
On the other hand, the GM model with the quantum S matrix,
produces a double differential cross section that concentrates
more at the forward angles for both lower and higher energies.
These results suggest that the GM model with the quantum
S matrix, assumes a semiclassical picture by assuming a
straight-line trajectory. Although the integrated angular cross
sections of both models have similar magnitudes, their angular
distributions are quite different. We conducted an analysis
on the reaction (d, pX ) using a lighter 12C target at higher
energies (100 MeV), resulting in a greater deviation from the
Coulomb barrier than observed in the previous system, to gain
additional insights. Our results, presented in Fig. 5, demon-
strated that while the IAV model and GM, incorporating the
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FIG. 5. Double differential cross section of NEB, as a function of
emitted proton angles, in the laboratory frame, for the proton emitted
in the 12C(d, pX ) at incident energy of 100 MeV, calculated by GM
with the quantum S matrix (thinner lines) and IAV (thicker lines),
respectively.

quantum S matrix, provided comparable outcomes for angular
integrated cross sections, they produced significantly discor-
dant results for angular distribution in double differential cross
sections. These findings suggest that the angular distributions
provided by the GM with the quantum S matrix are misaligned
with those of the IAV model, even at higher energies. Nev-
ertheless, previous studies [4,19] revealed that the PE+CN
processes dominate in backward angles. Consequently, the
differences between the GM with the quantum S matrix and
IAV model are irrelevant to the inclusive consequences of
(d, pX ).

Generally, for the NEB process in (d, pX ) reactions, the
semiclassical GM model with the quantum S matrix provides
cross section energy distributions that are in good agreement
with the fully quantum IAV model. However, it should be
noted that the GM with the quantum S matrix is itself a
semiclassic model, and the quantum effects have not been
fully considered.

C. Calculation for (d, nX ) reaction

The double differential cross section of inclusive breakup
(d, nX ) can be represented similarly to the (d, pX ) system,
which is written as

d2σ(d,nX )

dEd�
= d2σ EBU

(d,nX )

dEd�
+ d2σ NEB

(d,nX )

dEd�
+ d2σ PE+CN

(d,nX )

dEd�
, (7)

where d2σ EBU
(d,nX )/dE d�, d2σ NEB

(d,nX )/dE d�, d2σ PE+CN
(d,nX ) /dE

d� correspond to the double differential cross sections for
EBU, NBU, and PE+CN, respectively.

Due to the scarcity of experimental data for (d, nX ), we
only compare the double differential cross sections of NEB
computed by the IAV model and the GM with the quantum S
matrix here. But it is important to note that the progress of the
experiment has led to an increasing abundance of data in this
area [1]. And the same potentials are adopted as (d, pX ) reac-
tion in the (d, nX ) calculation. We also calculate the (d, nX )
reactions for 12C and 58Ni, as the same incident energies and
targets as these were calculated in the previous subsection, to
make comparisons about (d, nX ) and (d, pX ) systems.

The double differential cross section of the NEB com-
ponent for the (d, nX ) reaction is displayed in Fig. 6 as a
function of the outgoing neutron energy in the laboratory
frame. The cross section is presented in logarithmic coordi-
nates. Panels (a) and (c) on the left show the cross section with
incident energy of 56 MeV when using 12C and 56Ni targets,
respectively. Panels (b) and (d) on the right show the cross
section with incident energy set at 100 MeV and using 12C
and 56Ni targets, respectively.

The NEB cross section energy distribution computed by
the IAV model and the GM with the quantum S matrix agree
over the entire energy range, exhibiting a bell-shaped distri-
bution peaking at half the incident energies, similar to the
(d, pX ) cases studied previously. The NEB cross section for
(d, nX ) is comparable to that of (d, pX ), primarily due to Tro-
jan horse effects, which suggest that the p and target Coulomb
interaction have little impact on the NEB cross section. Dif-
ferences between the two models become more apparent at
higher energies (100 MeV) than at lower energies (50 MeV),

014617-5



LIU, NAKAYAMA, LEI, AND REN PHYSICAL REVIEW C 108, 014617 (2023)

0 10 20 30 40
E (MeV)

0.01

0.1

1

10

100

d2 σ/
dE

 d
Ω

 (m
b/

M
eV

 s
r)

IAV NEB
GM NEB

12
C(d,nX)@56 MeV

θ=9.5 deg
(a)

0 20 40 60 80
E (MeV)

0.01

0.1

1

10

100

d2 σ/
dE

 d
Ω

 (m
b/

M
eV

 s
r) 12

C(d,nX)@100 MeV
θ=10 deg

(b)

0 10 20 30 40 50
E (MeV)

0.01

0.1

1

10

100

d2 σ/
dE

 d
Ω

 (m
b/

M
eV

 s
r) 58

Ni(d,nX)@56 MeV
θ=9.5 deg

(c)

0 20 40 60 80
E (MeV)

0.01

0.1

1

10

100

d2 σ/
dE

 d
Ω

 (m
b/

M
eV

 s
r) 58

Ni(d,nX)@ 100MeV
θ=10 deg

(d)

FIG. 6. The double differential cross section as a function of emitted neutron energy at angles of 9.5◦ and 10.0◦ in the laboratory frame
from the 12C(d, nX ) and 58Ni(d, nX ) systems at incident energies of 56 MeV and 100 MeV. The solid line represents the result obtained using
the IAV model. And the dashed lines represent the results obtained using the GM with the quantum S matrix.

partially due to the broader angular distribution computed by
the IAV model, as previously observed in the (d, pX ) case.
This discrepancy will be explored further in the following.

In Figs. 7 and 8, we present the angular distribution of
the double differential cross sections for the 12C(d, nX ) re-
action at 100 MeV and 58Ni(d, nX ) reaction at 56 MeV,
respectively, in logarithmic scale. The thinner and thicker
lines indicate the GM with the quantum S matrix and the
IAV model, respectively, with the dashed and solid lines de-
picting results at higher and lower outgoing neutron energies,
respectively.
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FIG. 7. Double differential cross section of NEB, as a function
of emitted neutron angles, in the laboratory frame, for the neutron
emitted in the 58Ni(d, nX ) at incident energy of 56 MeV, calculated
by GM with the quantum S matrix (thinner lines) and the IAV model
(thicker lines), respectively.

First of all, as can be seen in Fig. 7, the NEB cross
section angular distribution computed by the IAV model for
both lower (10 MeV) and higher (28 MeV) outgoing neutron
energies has a significant contribution in both forward and
backward angles, whereas the results obtained by GM with
the quantum S matrix mainly concentrate at forward angles.
Second, for the lighter target 12C with higher incident energy
of 100 MeV as one can see in Fig. 8, both the IAV model
and GM with the quantum S matrix produce the cross sec-
tion at the forward angles, in which the IAV model has a
wider angular distribution compared to GM with the quantum
S matrix. These observed trends align with those found in
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FIG. 8. Double differential cross section of NEB, as a function
of emitted neutron angles, in the laboratory frame, for the neutron
emitted in the 12C(d, nX ) at incident energy of 100 MeV, calculated
by GM with the quantum S matrix (thinner lines) and the IAV model
(thicker lines), respectively.
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the (d, pX ) case, justifying that the GM with the quantum
S matrix is a semiclassical model that fails to accurately
reproduce the angular distribution of the fully quantum IAV
model.

IV. SUMMARY

In this article, the energy and angular distributions of both
(d, pX ) and (d, nX ) reactions are investigated using the IAV
model and GM with the quantum S matrix. The energy dis-
tribution results show similarities in shape and magnitude
between the two models. However, differences are observed
at lower and higher energies of outgoing spectators, primarily
due to the limitations of the semiclassical model in the GM
with the quantum S matrix.

The angular distributions for both reactions at light and
medium mass targets with energies of 56 MeV and 100 MeV
are also compared. The IAV model exhibits a wider range
in angular distribution compared to the GM model with the
quantum S matrix, indicating that the semiclassical model
fails to reproduce the full quantum model.

In the inclusive measurement of (d, pX ) and (d, nX ),
the contribution from backward angles mainly stems from
PE+CN processes. This makes the differences between the
IAV model and GM with the quantum S matrix less noticeable
in the inclusive cross section.

The findings suggest that the IAV model has the potential to
provide a more accurate explanation of the physical processes
in inclusive breakup reactions than the GM model. However,
further investigation and comparison with experimental data
are necessary to determine the reliability and applicability of
these models in various physical situations. Expanding the
range of calculations to include additional inclusive breakup
reactions will also help to better understand the differences
between theoretical and experimental cross sections.
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