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The medium NN cross sections in transport mode
simulations play a crucial role in intermediate-energy
heavy ion collisions (HIC), as they significantly influ-
ence the predictions of reaction dynamics, collective
flow, stopping power, and particle productions [1-9]. In
the transport model simulations, the in-medium
NN — NA cross sections are a critical component of the
7m—N-A loops, which can effect the pion multiplicity
data. The 7~ /=" ratio serves as a sensitive observable for
probing the symmetry energy at suprasaturation density.
For reproducing the pion multiplicity data, the in-medi-
um NN — NA cross section (o yysya) S one of the im-
portant ingredients because it will directly influence the
first A production which can decay into nucleon and pion
or rescatter with nucleons.

Many transport codes adopted the free space
NN — NA cross section, i.e., the o . taken from Ref.
[10], or phenomenological in-medium cross section, i.e.,
Thnons = Rofee . in the collision integral of transport
models [11]. Recent transport model comparison studies
by the transport model evaluation project (TMEP) collab-
oration highlight the large model dependence in pion
yields and the need for improved in-medium inputs
[12—18]. The isospin independent microscopic  ap-
proaches have been employed to investigate the in-medi-
um NN — NA cross sections in symmetric nuclear matter
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[19—25], where the medium correction factor R is the
same for for all channels of the NN — NA process. For
the isospin asymmetric nuclear matter, Li el at. studied
the in-medium NN — NA cross section without consider-
ing the mass distribution of A resonance and threshold ef-
fects by using the relativistic Boltzmann-Uehling-Uhlen-
beck (RBUU) microscopic transport theory based on the
closed time-path Green's function technique in Ref. [26].

In our previous work [27], the in-medium NN — NA
cross section o yy_ya by considering the threshold effect
and the mass distribution of the A resonance in asymmet-
ric nuclear matter. Further, the dependence of medium
correction factor R on the relativistic mean field paramet-
ers was investigated in our previous work [28]. With 3
RMF models, i.e., NLps [29], DDMEo¢ [30], DDRHpé
[31], our results show that R increases with the slope
parameter L when using J parameter sets for a given
isospin asymmetry. To better understand the influence of
the 0 meson on the in-medium NN — NA cross sections,
we compared calculations of R performed with and
without J-meson parameter sets in our subsequent work
[32]. The results indicate that, when using parameter sets
without the 0 meson, the cross-section factors satisfy
Ryposnar+ < Rynpa- and Ryy_na+ < Ryynao, while the op-
posite trend is observed when the ¢ meson meson is in-
cluded.
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However, with more than 300 available mean field
models, there exists large uncertainty in these cross sec-
tion results. Therefore, it is essential to reduce the in-me-
dium NN — NA cross sections, especially because they
are increasingly vital for improving transport models —
particularly in the context of pion production and for fur-
ther constraining the symmetry energy at suprasaturation
densities. In this paper, we provide reductions on the
range of values for the in-medium NN — NA cross sec-
tions in isospin asymmetric nuclear matter, based on a se-
lected subset of RMF models that have been constrained
by neutron star observations, as discussed in our previ-
ous work [33].

The paper is organized as follows. First, we briefly
describe the properties of nuclear matter for different
RMF models. Next, we discuss the constraints on the in-
medium correction factor R for NN — NA cross sections.
Finally, we provide a summary of our findings.

For the calculation of the in-medium NN — NAcross
section in nuclear matter, we employ a one-boson ex-
change model based on a relativistic Lagrangian that in-
cludes both nucleons and A. According to the structure of
the Lagrangian, three types of RMF parameter sets. are
adopted to estimate the in-medium cross section, as dis-
cussed in Ref. [34]: (i) nonlinear models, (ii) density-de-
pendent models, and (iii) point-coupling models. De-
tailed descriptions of these RMF models are provided in
Appendix A. Subsequently, the in-medium NN — NA
cross sections are calculated based on the respective RMF
Lagrangians, and the detailed derivation of the cross sec-
tions can be found in Appendix B.

We employ the same RMF Lagrangian to derive the
nuclear matter properties, as detailed in Appendix A.
Here, the binding energy per particle in asymmetric nuc-
lear matter is expressed as follows:

E(p,a) = f) —my =Eo(p)+S(p)a’ +0@®, (1)

where the Ey(p) = E(p,a =0) is the binding energy in
symmetric nuclear matter and S(p) denotesthe sym-
metry energy. Here, p = p, +p, represents the total nucle-
ar matter density, € is the energy density, my is the nucle-
on mass, and a = (0, —p,)/(p,+p,) is the isospin asym-
metry. The nuclear symmetry energy S (o) is defined as

1 8E(p.)

The symmetry energy is expanded in terms of
(0 =p0)/3po:
L Kv m - ’
S(p)=J+—(p—po) + — w.,_ 3)
3po 2 Po

Here, J = S (py) represents the symmetry energy at satura-
tion density p,. The parameters L=3p0% lo=p, and
Koym = 9,0%2275 lo=0, denote the slope and curvature of the
symmetry energy at saturation density, respectively.

The coupling constants in RMF models are crucial for
predicting the in-medium A production cross section as
well as for determining the equation of state (EOS) of
nuclear matter. To reduce the uncertainty in the in-medi-
um NN — NA cross sections, it is essential to select reas-
onable RMF models. In previous work [33], the EOS of
nuclear matter was constrained using neutron star obser-
vations based on various RMF parameter sets. In this
study, we calculate the in-medium NN — NA cross sec-
tions ‘using 180 RMF interaction sets, as described in
Refs. [33, 35].

Furthermore, an important task is to further evaluate
the in-medium NN — NA cross sections using the selec-
ted RMF parameter sets that have been refined based on
multiple neutron star observables from Refs. [33, 36, 37].
The final constrained RMF models are: HC, FSUGZ03,
IU-FSU, G2*, BSR8, BSR9, FA3, FZ3, and DD-F. The
EOS parameters (incompressibility Ky, symmetry energy
J, slope of symmetry energy L, and curvature of sym-
metry Kjy,) used in this work from with and without NS
observations are both listed in Table 1. Additionally, the
properties of nuclear matter and related parameters of all
RMF models used here are detailed in Table C1 of Ap-
pendix C.

As a key step in calculating the in-medium cross sec-
tions (see Eq. 48 in Appendix B), it is first necessary to
determine the Dirac effective masses of nucleons, the ef-
fective pole masses of A resonances, and the channel-de-
pendent changes in vector self-energies. These quantities
must be obtained based on the RMF parameter sets that
have been constrained as described earlier.

In the Fig. 1, we plot the effective mass of the nucle-
on (my/my) and effective pole masses of A (mg ,/mo) as
function of p/py in symmetric nuclear matter. Except for
NLpSA [29], NLpsB [29], DDMESJ [30] and DDRHpé
[31], all others included the constraint RMF models are

S(p) = -0 - 2 .
2 2 da? la=o @ without-d models. Consequently, these models do not ex-
hibit mass splitting between protons and neutrons (or
Table 1. Ranges of the EOS from the used RMF models.
Ko(MeV) J (MeV) L(MeV) Kyym(MeV)
With neutron star constraint 216.87-297.75 29.70-31.62 29.08-69.86 -275.05-28.99
Without neutron star constraint 199.92-300.67 17.37-43.54 29.08-140.37 -275.05-398.27




In-medium NN — NA cross sections from constrained relativistic mean field models

Chin. Phys. C 50, (2026)

1.0 S 1.0
R WO. Constraint R
W. Constraint 08
=
N 06 oF
S
04 B
- >3
0.2 -0.2
00 I 2 0 1 2 300
0 P/Po —
. Oo=0.
—~ : N\ 120
> O ‘\\\\ £
i, -40- 1 3
5 - 40 2
o & -80- ! _ o °
< E— ‘\\\\\\\\\\o S
-120- : =
S S S e N B A
P/py
Fig. 1. (Color online) The upper panels show the effective

mass of the nucleon (m},/my) and effective pole masses of A
(maA /mo.a) in symmetric nuclear matter as functions of p/pp.
The lower panels display the changes in vector self-energies
AX%pp — nA** and AX’nn — pA~ in asymmetric nuclear mat-
ter with @ = 0.2. The pure gray areas represent the ranges of all
considered RMF models, and the hatched areas indicate the
subset constrained by neutron star observations. The con-
strained shaded band denotes the model-ensemble
envelope—range from minimal to maximal values across all
RMF interactions that pass the neutron-star filters—and is not
a statistical confidence interval.

among different A isospin states). Therefore, we only
show the effective masses in symmetric nuclear matter.

Because the most RMF models are adjusted to de-
scribe the nuclei and nuclear matter in the density region
from near subsaturation density p =~ 2/3py(which repres-
ents the average value between the central and surface
densities [38—43]) up to saturation density, significant un-
certainties remain regarding RMF model properties —
such as effective masses—at densities above py.

From the results in Fig. 1, we can see that the uncer-
tainty of the effective masses reduced, i.c., the range of

* *
mN,max - mN,min _ O 196

Amy = (corresponding to

m
my/my = O.551N— 0.747) at p,, while m}/my=0.677-
0.709 (corresponding to Am;=0.032) are deduced at 68%
confidence level from just three types of momentum de-
pendence of the optical potential model in Ref. [44]. Ad-
ditionally, the range of Amj, are also decreased, espe-
cially at the density above saturation density.

From our previous work [32], we observed that there
remains a splitting among different channels of the in-
medium NN — NA cross sections in asymmetric nuclear
matter. To illustrate this effect, we present the vector self-

energy changes for two representative channels in asym-
metric matter at @ = 0.2:

0 _ 50 0 0 0
AS) e =0 +20 -0 30,
and
0 _v0 0 0 0
AEM_WN =X +Z, - Zp -2

These channels, pp — nA*™ and nn — pA~, are high-
lighted because they are the main contributors to the
NN — NA processes.

The results indicate that the uncertainties in both the
effective masses and the vector self-energy changes are
significantly reduced when using the constrained RMF
models, especially at higher densities. Consequently, the
uncertainties in the in-medium NN — NA cross sections
are expected to be correspondingly diminished.

Fig. 2 displays the in-medium pp — nA** cross sec-
tions as a function of the total energy +/s in symmetric
nuclear matter. The left panel compares the cross sec-
tions in free space and at saturation density, while the
middle and right panels present the cross sections
T posnar+ at o =2py and 3py, respectively. Compared with
the unconstrained results, the constrained in-medium
cross sections show a notably reduced spread, particu-
larly at densities above p,. This reduction in uncertainty
of in-medium cross section is consistent with the behavi-
ors of the nucleon and A effective masses shown in Fig.
1. The in-medium NN — NA cross section depends expli-
citly on the effective masses (m) and my,) in symmetric
nuclear matter (the channel-dependent vector self-energy
changes AX’ should be also considered in asymmetric
nuclear matter), which can be derived from Appendix B.
Bulk “nuclear-matter properties” such as Ky, J, L and
Kyn do not enter the cross-section formula directly,
which are determined by RMF interactions. After apply-
ing neutron-star constraints, the surviving RMF sets de-
velop similar trajectories of m*(p) and AZ%(p) at 2 to 3p,,
which lead to the observed narrowing of in-medium cross
sections, even though the spread in incompressibility of
the same sets may remain sizable (e.g. FA3 and FZ3).

Since there is no isospin splitting of effective masses
in symmetric nuclear matter, the in-medium cross section
for nn — pA~ is identical to that for pp — nA**. Cross
sections for other channels can be obtained by applying
the appropriate isospin Clebsch-Gordan coefficients,
yielding values equal to %o-};p_,nm. Consequently, the ra-
tio R =0 yy_na/0Onnvona 18 the same for all channels of
NN — NA in symmetric nuclear matter.

Fig. 3 shows the medium correction factors R (top
panels) and the corresponding range AR = Ryu — Ruin
(bottom panels) as a function of p/p, for beam energies
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Fig. 2.

(Color online) The in-medium pp — nA*™ cross section as function of +/s in'symmetric nuclear matter. The left panel shows

the cross section in free space and at py, while the middle and right panels present results at 209 and 3py, respectively. The experiment-

al data are taken from Ref. [45].
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Fig. 3. (Color online) The upper panels are R as a function
of density p/py at beam energy Epeqm =0.4; 0.8, and 1.2 GeV
in symmetric nuclear matter. The lower panels display the cor-
responding range AR.

Epean = 0.4,0.8, and 1.2 GeV in symmetric nuclear matter.
The unconstrained AR increases with density, but once
constraints are applied to the in-medium cross sections,
the spread in R is notably reduced compared to the un-
constrained results. For instance, at Ep.,m = 0.4 GeV, AR
decreases from 0.283 to 0.219 at p,, from 0.648 to 0.182
at 2p0, and from 0.696 to 0.125 at 3p,. This reduction
stems from the decreased uncertainty in effective masses
(see Fig. 1).

Here we take the pp — nA** and nn — pA~ channels
as examples to illustrate the in-medium cross sections in
asymmetric nuclear matter. In Fig. 4, we plot R for
pp — nA™ (panels (a), (b), (c)) and nn— pA~ (panels
(d), (e), (), the constrained median values R4 (panels
(g), (h), (1)), and the range AR (panels (j), (k), (1)) as
functions of p/p, in asymmetric nuclear matter with
a=0.2 for Epey, = 0.4, 0.8, and 1.2 GeV.

It is also evident that the constrained median values of

the in-medium NN — NA cross sections follow
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Fig. 4. (Color online) The in-medium correction factor R for

pp — nA** (a, b, ¢ panels) and nn— pA~ (d,e.f panels), the
constraint median values of correction factors R,.; (g, h, i
panels), and AR (j, k, 1 panels) as function of density p/p¢ in
asymmetric nuclear matter with « = 0.2.

R,pona++ < Runsspa-, consistent with Ref. [32].
Furthermore, the constrained correction factors R in
asymmetric nuclear matter are notably smaller than their
unconstrained counterparts. For instance, at py, AR ,_na++
decreases from 0.347 to 0.202, while AR,,,,»- decreases
from 0.427 to 0.238. Similar reductions are observed at
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2po and 3py. For example, at 2py, AR,, .+ decreases
from 0.593 to 0.230, whereas AR, 1 decreases from
0.746 to 0.178. Overall, the restricted AR decreases by
about 42%-44%, 61%-76%, and 76%—-84% from
pp — nA*™" to nn— pA~ at at pg, 2p, and 3p, respect-
ively for Ep.., = 0.4 GeV, as well as for other beam ener-
gies.

Evaluating the in-medium NN — NA cross sections in
asymmetric nuclear matter is crucial for heavy-ion colli-
sion studies, as it provides a potential avenue for redu-
cing uncertainties in the symmetry energy at suprasatura-
tion densities. To facilitate their application in transport
models, we present parameterizations of the constrained
in-medium cross section correction factors R for all
NN — NA channels at beam energies
Epeamn = 0.4,0.6,0.8,1.0, and 1.2 GeV, both in symmetric
and asymmetric nuclear matter.

In summary, we present the evaluated the in-medium
NN — NA cross sections derived from RMF parameter
sets constrained by neutron star observations [33]. Com-
pared to the unconstrained results, our findings show that
the ranges of oy_ya are significantly reduced over the
density range O<p<3p, for beam energies of
Epean = 04,08, and 1.2 GeV in both symmetric and
asymmetric nuclear matter, especially at densities above
po- For completeness, the parameterized forms of the in-
medium NN — NA cross-section corrections are given in
the supplemental material.

We hope the constrained in-medium cross sections
will help reduce the uncertainties of information on the
symmetry energy at high densities by facilitating them in
the prediction of pion observables in QMD models to
simulate heavy-ion collision experiments, such as those
performed by the HADES (Aut+Au) [46] and MSU
(Sn+Sn) [15]. However, matter created in heavy ion colli-
sions is hot and in a non-equilibrium state, implying that
the in-medium NN — NA cross section depends on tem-
perature. Prior work has explored the temperature de-
pendence of in-medium nucleon-nucleon scattering cross
sections (see Ref. [47]), reporting a possible enhance-
ment at finite temperature relative to the cold matter case.
The explicit temperature dependence of in-medium
NN — NA cross sections is rarely discussed, and we will
investigate it in future work.

APPENDIX A: RELATIVISTIC MEAN FIELD

In this paper, we ignore the Fock term in the relativ-
istic mean field, where models are all Hartree RMF mod-
el sets.

1. Nonlinear relativistic mean field

The Lagrangians are nonlinear RMF model are:

Ly =Lr+ L, (Al)

where Ly is,

LF = ‘P[l)f,ﬁ“ — mN]‘I’ + A/l [ly,,c')” — mA]A’l

1 1 1
+ 3 ((9#71'8”71'— m,zrn'z) + 56,10'6”0' - Emiaz -U(o)

1 1 1
- waw‘” + Emiw,,w” + Zf(wyw”)z

o 1
- Zplu,[)” + Emﬁpﬂp" + 5 ((9#66#6— m§52)
1 ’ 1 ’
+ 8T, (Ot 50180) + 8 LT (a2 + S a48)

1 ’
+ §a3gigﬁwﬂa}‘pﬂp“ .

(A2)
and £, is interaction part,

L= g(rNN“I‘"‘PO' - ngN‘iJV;:‘“Pwy - gpNN“P)’yT ‘Yo'

- fﬂNN lP’yM’yST Yom+ g(SNN\?T )
my
+ gU'AAAyA'uO— - gwAAAy’YVAﬂwV

8rAA £

- gpAAA,u‘YVT . A”PV + Alu'yy')’sT AT

s

+ gonnA, T- A5+ ENAA 7 wopn

s

+ lf’;ZNA AyyysT B (@ p - Fp") +h.c.

74

(A3)

In Eq. (A2), w,, and p,, are defined as d,w,—08,w,
and 9,p, —d,p,, respectively. The nonlinear potential of
the o field is given by U(o) = 1g,0° + 1g30*. Here 7 and
T are the isospin matrices for the nucleon and A [48, 49],
while 7 is the isospin transition matrix between the
isospin 1/2 and the 3/2 fields [10].

In the uniform rest nuclear matter, the effective mo-
mentum can be written as p! = p; since the spatial com-
ponents of vector field vanish, i.e., X =0. Thus, in the
mean field approach, the effective energy is given by:

P’ =p!-%, (A4)
The effective masses of nucleon and A read as:
m=m+3, (AS5)

Here X and X7 represent the vector and scalar self-en-
ergy respectively for the RMF parameter sets.

The vector and scalar potentials in the nonlinear(NL)
RMF model are expressed as:
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Z?,NL =g, + 8p’3.ng (A6)

v = —800 — 851303 (A7)

where t;; represents the third component of the isospin of
the nucleon and A, with the following values: t;, = -1,
Bp=1, haw =1, 30 =1, 300 =—1%, 50 =—1. The @°,
09, o and ¢6; denote the expectation values of the mesons
field in the mean-field approximation. In the RMF model,
the equations of motion for the mesons are:

MG = gops — 8207 — 8307 + 8082 (@°) () + | 8o 5)

+808,(P3) (2 + A38,0)

(A8)
me, @’ = gup— {8 (@) — 8r8, 0@ 2, + 0/ g,0)
- a’égigf;(.os) @’
(A9)
MRS = 8oP3 — 8o &0 PY (20 + )80
O (e (A10)
m3ds = gspa (A11)

The nucleon densities are (assuming no'A density):

= (BP) = pyu+ (A12)
p=(¥Y"¥)=p, +p, (A13)
pss = (¥13¥) = pgp = o (Al4)
p3 = (T’ ¥) = p, —py (A15)

With Fermi momenta kg; for i = n or p, the scalar and
vector densities are:

CG) / M
Psi (2”)’; k<kpi A/ k2 + m}‘z
m* " k i+ E*i
=0 {kp, E - ﬁm%} (A16)
C(i) e - K
;= k=1L Al7
P= @y Jan© T 3 (A7)

where the degeneracy factor C(i=n,p)=2, and
E;; = \/k%;+m?* is the Fermi energy of neutrons and pro-

tons.
The eigenvalues of neutron and proton from the Dir-
ac equation are:

en = 8,0° — g,p5 + VK2 +m2, (A18)
e, = g,0" +gps + Vk +ml. (A19)

The expression for the energy density and pressure are
obtained from the given Lagrangian using energy mo-
mentum tensor relation given by,

oL
= ———0"¢; L, A20
2 5@ (420

where ¢; runs over all possible fields. The energy density
€ and pressure P can be obtain from the energy-mo-
mentum tensor:

1 1 1 1
evt = (T = Emid’z + ggzdj + Zg35'4 - 2mw(wo)2
0)4 + gww p — A

{4,
- Zgi)(w (P3)2 + gpp3p3

1 1
+ 5505 = g(,gwaw‘)) (o + 2ozlgm
1 , _

azggo) fa3gig5(p2>2<w°>2

gogpo—(p%) (a2 + 2

+ Z[3E}npn +mp5]+ — [3EFppp + mppsp]
(A21)

and

1 1
*Z(T” =——m.o —*g20'3—1830'4

Py = 3

{4

l _
+ MY + S g0+ Sy
1
— M} + 8,8, @)

1
7 (o +§CV’1805')

r, _. 1, _
58,0) + a3gigf)(pg)2(w0)2

+808,0(P5) (@2 + 3

1 Bl * 1 * *
+ Z[Eann - mnpsn] + Z[EFppp - mppsp]~

(A22)

The same calculations for density-dependence and
point-coupling models can be found in Refs.[30, 31,
50-52].

For symmetric nuclear matter, m; = m’

, = Ny SINCE J3
vanishes.
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The expressions of the symmetry energy and slope of

symmetry energy L for nonlinear RMF models are:

Bl g
S(EIve = 6E* +§'Dmfz
14
2
8 .
1 "
- Ep 62 , (A23)
EP {1+ 25 Ap, mN)}

where m'? = m> + 8,20 (2, + g, 0) + g2, >(@")*, and

ps P
=3 (22,
PO = I s, "

(A24)

k% kx  kpmy Omy
LNL = * 1 - 2 )
3E} 2Ey  Epn? Op

.\ 3g; . 1 om}
2m;;2'0 m:2 dp
2
g(5 *
1 %m;
—2F £
?A(p,m,*v)}

{3_2]{2 6(1_m7\,2> p omy,
#2 *2 *
E Ey /) my. 0p

1 o

—2a(£5%)

ms m

S14854 v o
ms

k2 *
o (13|}
F N Op

2. Density dependence relativistic mean field
The Lagrangian density of the density dependence
model is:

E}? {1 +

3%

(A25)

Lpp =L+ Lp, (A26)

where L is

Lr = Pliy, 0" —my]¥ + Ajliy, 0" —ma]A*

1
+ 5 ((9#0'6”0' - m(zroj)

1 v 1 2
- Zwﬂyw" + Emmw#w“

1o
+= (0,m0'm—mim*) — Zp,wp“ + imf)pﬂp”

I\)M—‘l\)\*—‘

+=(0,60"6 —m36%) (A27)
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The vector and scalar potentials can be written as:

20pp =L@’ + 13,05+ % (A29)

2 pp = —To0 —Tst3,63 (A30)

Here X7 is the rearrangement term of the vector self-en-
ergy, its express is:
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The expressions of the symmetry energy and slope of
symmetry energy L for density-dependent RMF models
are:
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3. Point coupling model
Lagrangian density of the point coupling mean field
model is:

Lpc=Lr+ L}, (A34)
where L 1S :
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The vector and scalar potentials can be expressed as:
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The expressions of the symmetry energy and slope of
symmetry energy L for point-coupling RMF models are:
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APPENDIX B: IN-MEDIUM NN — NA CROSS SEC-
TION

Applying quasiparticle approximation [53], the in-
medium cross sections are introduced via the replace-
ment of the vacuum plane waves of the initial and final
particles by the plane waves obtained by solution of the
nucleon and A equations of motion with scalar and vec-
tor fields. In detail, the matrix elements M?* for the in-
elastic scattering process NN — NA are obtained by re-
placing the nucleon and A masses and momenta in free
space with their effective masses and kinetic momenta
[24], i.e., m > m* and p* — p*. As in Ref. [24], all the
calculations performed in this work are are performed for
colliding nucleons with their center-of-mass frame coin-
ciding with the nuclear matter rest frame.

The Feynmann diagrams corresponding to the inelast-
ic-scattering NN — NA processes are shown in Fig. BI,
which include the direct and exchange processes. The
M -matrix derived from the interaction Lagrangian Eq.
(A3) can be written by using the standard procedure [10],

M= M= M+ MP = M7, (B1)
where
M= - M[\P@S)WSQ ¥(p)l
m2(Q; —m2)
X [A(p) Q) P(p)] (B2)
0. 0. I * *
M = T E e e )
79
9 gﬂ‘r _ 2:‘1!1 QZT/m;Z)
i —m
X [Ar (P Y1Ys(Q'00e — Q7 1) ¥ (Pl . (B3)
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m N N;

Fig. B1.
the exchange term of the Feynmann diagram.

The left diagram is the direct term and the right is

For the direct term, Q7 = p} — p}, while the exchange

term M is obtained by swapping p" «— p3 and
O = pi' — pi. The isospin factors 1, I, are given in Ref.
[10].

The, in-medium NN — NA cross section is the aver-
aged two-body cross section, taking into account the mass
distribution of the A resonance as a short-lived state. It

can be expressed as:

mz,max
TNNoNA = / . dmy, f(my)G" (m)), (B4)

A min

where &*(m}) is the in-medium elementary two-body
cross section. In the center-of-mass frame of colliding
nucleons, it reads

1 Pout, c.m.|
\/_ \ Outlpm Cm

IM*IZdQ, (B3)

where p;, ... and pj, ., are the momenta of incoming (1
and 2) and outgoing particles (3 and 4), and
Sin= (P +p3)?, and g, = (p3 + Py’

>OIMP s,

M=
Here | | 2s;+1)(2s,+ 1) 51825354

> mep
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where the M*-matrix is from exchange by = and p
mesons, and the detail calculations can be found in Ref.

[27]. Here, we show the calculation of Y |[M|* as an
51525354

example in the following:
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where t= Q?, for IM™* is N, «— N,. In Eq. (B5),the
key element for the calculation of the cross section is the
energy-momentum conservation in terms of the incom-
ing (p/,) and outgoing momenta (ps,) of the particles.
From the viewpoint of kinetic momentum, the energy-
momentum conservation can be written as: pf+ph =
ps+p, can be expressed as p+E+plt 4+ =
PEEEEEpleIE,  plep=ptepl A%, where
AZF =3 +35 -4 — 3 is the kinetic momentum change
between the initial and final states. The change in effect-
ive energy is expressed as AX? =X +X9 X933 which
is the same the formula in Ref. [27, 54]. The similar is-
sue also exists in the calculation of m, , m:,, and T'(m})
which are described in the following.” Consequently,
P10+ py’ may differ from py’+p;°, and s}, # 57, in Eq.
(BS), and they are related according to the following rela-
tionship,

Vs= /55 + I AN, = /S +E8, + 20, (BY)
It is derived from
s=(pw, +[7N2)2
=( \/m,\,zl +pi + \/m,\,2 +pi 2N, +23)°
- (py, +P),)’
= (pNs + D, )2
=( \/m,\i +pi + \/m‘g +p2 + 3, + 23,
—(py, +P,) (B9)
where py, =-py, and p,, =-p,, in the center-of-mass
frame.

The value of mj ., in the cross-section formula is de-
termined by the A — N+ in isospin asymmetric nuclear
matter as in Refs. [27, 55], where both the N and 7 are at
rest. Additionally, the modification of the scalar and vec-

tor self-energies in this isospin exchange process must
also be taken into account. Thus,

My in = My + My — AT, (B10)
with AZ) =X} -%%. The mj,, is evaluated from
NN — NA for producing N and A at rest. This leads to:

My ok = \/E—m;‘V}—Z(,i,}—E&. (B11)
The in-medium A mass distribution f(m}) is another cru-
cial component of in-medium NN — NA cross section,
for which proper energy conservation is also required, as
f@m}) is related to the A — N + 7 process in isospin asym-

metric nuclear matter. In this paper, the spectral function
of A is taken from Ref. [24],

mT(my)

—m22 +mlT2(my)

L2
famy=~— (B12)

0,A

Here, myg, is the effective pole mass of A. The decay
width T'(m}) is taken as the parameterization form [24]

q3 (mz ’ m;V7 m;) q3 (mS,A’ m;\/’ m;) + 772 maA

F(m*) = FO * * * * *
A q3(m0,A’mN, m;) q3(mA’mN’m:r) + 772 my
(B13)
where
e (e - e m-m?)t
q(my, my,m;) = A, + 30— 30 —my.
(B14)

The coefficients of I'y=0.118 GeV and #=0.2 GeV/c
are used in the above parameterization formula.

The form factors are adopted to effectively consider
the contributions from high-order terms and the finite size
of baryons [10, 56], which read

* A2 *
Fy(f) = Tﬁﬁexp (—b \/s*—4mN2> (B15)
AZ
FA(t) = 52— B16
A( ) Ai—t* ( )

Here Fy(¢*) is the form factor for nucleon-meson-nucle-
on, and F,(#*) for nucleon-meson-A coupling, »b=0.046
GeV'! for both pNN and 7NN coupling. The cutoff para-
meter Ayy =1 GeV, A,y and Agya are determined by
best fitting the data of NN — NA cross section in free
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space ranging from +/s=2.0 to 5 GeV [45]. Here, A ya is
determined based on the relationship Apva =ApNNA”7NA
NN

as in [I%Conceming the coupling constant g,ya, we use

8oNa TF,JNN"T’) which are derived from the static
N

quark model [10]. The cutoff parameters used in calcula-
tions of in-medium NN — NA cross sections are listed in
Table C1 in Appendix C.

APPENDIX C: THE PARAMETERS FOR DIFFER-
ENT RMF MODELS

For the coupling constant parameters of g,a.(Where
m=o,w,p,0), we adopt g,, = guaa = guyy coOnsistent with
the approach used in many studies involving transport
models [11, 24, 26]. The parameters used in the effective
Lagrangian, g,yn=1.008, gwa=2.202, m,=138 MeV,
mN=939 MeV, mo,A=1232 MeV.

Table C1. The saturation properties of all RMF models are used in this work. Excepting for mjy /my and mj ,/mo s in dimensionless,
and po in fm™, all entries are in MeV. All Apnn = 1000 MeV, except for Apyy =798, 650 and 580 MeV for FSUGOLDS, DDME6 and
DDRHps.
Model Ep Po Ko J L Ksym my /my mg 5 /moa Axna
Nonlinear models

E [57] -16.35 0.150 210.95 38.58 124.69 133.52 0.578 0.679 417
ER [57] -16.25 0.149 21591 39.41 126.63 128.12 0.582 0.682 416
NL1 [58] —16.42 0.152 212.35 43.54 140.37 143.39 0.572 0.674 415
NL3 [59] —16.24 0.148 269.91 37.34 118.32 100.53 0.596 0.692 417
NL3-II [59] —16.26 0.149 270.62 37.67 119.57 103.19 0.593 0.690 417
NL3" [60] -16.31 0.150 258.76 38.70 122.72 105.72 0.594 0.690 417
NLA4 [61] —16.16 0.148 273.33 36.34 115.31 100.41 0.595 0.692 417
NLC [62] -15.77 0.148 221.76 35.23 108.52 76.14 0.633 0.720 417
NLBI1 [58] —15.80 0.162 276.73 32.94 102.12 75.61 0.621 0.711 420
NLB2 [58] —15.80 0.162 239.96 32.93 110.57 157.15 0.557 0.662 421
NLRAI [63] —16.15 0.147 284.42 36.44 115.31 95.56 0.597 0.693 417
NLS [64] —16.45 0.150 262.98 42.08 131.61 94.27 0.604 0.698 415
P-067 [65] —16.31 0.160 245.72 41.80 124.81 48.93 0.665 0.745 416
P-070 [65] -16.25 0.160 228.23 41.04 119.74 26.04 0.702 0.773 416
P-075 [65] —16.51 0.170 253.33 42.17 119.16 -2.19 0.755 0.813 416
P-080 [65] —15.84 0.160 251.71 39.28 108.78 —14.06 0.800 0.847 416
GL1 [66] —16.30 0.153 200.08 32.50 94.68 33.08 0.700 0.772 418
GL2 [66] —16.31 0.153 199.92 32.50 91.52 8.74 0.750 0.810 418
GL3 [66] —16.31 0.153 199.87 32.50 89.03 —8.43 0.800 0.848 417
GLA4 [66] —16.31 0.153 249.88 32.50 94.31 25.23 0.700 0.772 418
GLS [66] —16.31 0.153 249.81 32.50 91.19 2.63 0.750 0.810 418
GL6 [66] —16.31 0.153 249.90 32.50 88.73 -12.93 0.800 0.848 417
GL7 [66] —16.30 0.153 299.99 32.50 93.94 17.94 0.700 0.772 418
GLS [66] —16.31 0.153 299.84 32.50 90.86 -2.91 0.750 0.810 418
GL82 [67] —16.00 0.145 285.41 36.22 101.28 —8.06 0.773 0.827 416
GL9 [66] —16.31 0.153 299.89 32.50 88.44 —16.84 0.800 0.848 417
GML1 [68] —16.34 0.153 299.85 32.50 93.96 17.96 0.700 0.772 418
GM2 [68] —16.31 0.153 299.94 32.50 89.34 -11.99 0.780 0.832 418
GM3 [68] —16.30 0.153 239.93 32.50 89.71 —6.46 0.780 0.832 418
GPS1 [69] -15.98 0.150 250.46 32.52 88.96 —12.54 0.800 0.848 417

Continued on next page
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Table C1-continued from previous page

Model Ey 00 Ko J L Kym my [my mg 5 /moa AzNa
GPS2 [69] -15.96 0.150 300.67 32.52 88.66 —16.42 0.800 0.848 417
NLpA [29] -16.00 0.160 240.16 30.34 84.52 3.38 0.750 0.809 419
NLpB [29] -16.30 0.148 271.55 33.70 106.87 95.85 0.600 0.695 418

RMF301 [70] -16.30 0.153 253.79 32.50 89.87 —6.24 0.775 0.829 418
RMF302 [70] -16.30 0.153 249.64 32.50 89.65 =7.35 0.780 0.832 418
RMF303 [70] -16.30 0.153 248.80 32.50 89.61 =7.57 0.781 0.833 418
RMF304 [70] -16.30 0.153 247.97 32.50 89.57 =7.78 0.782 0.834 418
RMF305 [70] -16.30 0.153 246.30 32.50 89.49 -8.21 0.784 0.835 418
RMF306 [70] -16.30 0.153 244.62 32.50 89.40 —8.63 0.786 0.837 418
RMF307 [70] -16.30 0.153 243.77 32.50 89.36 —8.83 0.787 0.838 418
RMF308 [70] -16.30 0.153 242.94 32.50 89.32 —9.04 0.788 0.838 418
RMF309 [70] -16.30 0.153 241.24 32.50 89.24 -9.45 0.790 0.840 418
RMF310 [70] -16.30 0.153 238.68 32.50 89.12 =10.04 0.793 0.842 418
RMF311 [70] -16.30 0.153 237.82 32.50 89.08 -10.24 0.794 0.843 417
RMF312 [70] -16.30 0.153 236.96 32.50 89.04 -10.43 0.795 0.844 417
RMF313 [70] -16.30 0.153 235.24 32.50 88.96 -10.82 0.797 0.845 417
RMF314 [70] -16.30 0.153 234.39 32.50 88.92 —11.01 0.798 0.846 417
RMF315 [70] -16.30 0.153 233.94 32.50 88.90 -11.10 0.799 0.846 417
RMF316 [70] -16.30 0.153 23351 32.50 88.88 -11.20 0.799 0.847 417
RMF317 [70] -16.30 0.153 232.65 32.50 88.84 -11.38 0.800 0.848 417
RMF401 [70] -16.31 0.153 229.87 32.50 93.78 23.04 0.710 0.779 418
RMF402 [70] -16.31 0.153 231.87 32.50 93.77 22.74 0.710 0.779 418
RMF403 [70] -16.31 0.153 229.88 32.50 93.12 18.06 0.720 0.787 418
RMF404 [70] -16.47 0.153 230.42 32.50 93.14 17.86 0.720 0.786 418
RMF405 [70] -16.31 0.153 233.88 32.50 93.09 17.50 0.720 0.787 418
RMF406 [70] -16.31 0.153 233.92 32.50 89.75 -5.80 0.780 0.832 418
RMF407 [70] -16.31 0.153 229.89 32.50 92.50 13.42 0.730 0.794 418
RMF408 [70] -16.31 0.153 231.89 32.50 92.48 13.15 0.730 0.794 418
RMF409 [70] -16.31 0.153 233.89 32.50 92.47 12.88 0.730 0.794 418
RMF410 [70] -16.31 0.153 235.89 32.50 92.45 12.62 0.730 0.794 418
RMF411 [70] -16.31 0.153 229.90 32.50 91.90 9.09 0.740 0.802 418
RMF412 [70] -16.31 0.153 231.90 32.50 91.88 8.84 0.740 0.802 418
RMF413 [70] -16.31 0.153 233.90 32.50 91.87 8.58 0.740 0.802 418
RMF414 [70] -16.31 0.153 235.90 32.50 91.86 8.33 0.740 0.802 418
RMF415 [70] -16.30 0.153 22991 32.50 91.33 5.06 0.750 0.809 418
RMF416 [70] -16.30 0.153 231.91 32.50 91.31 4.82 0.750 0.809 418
RMF417 [70] -16.30 0.153 233.91 32.50 91.30 4.58 0.750 0.809 418
RMF418 [70] -16.30 0.153 235.91 32.50 91.29 4.34 0.750 0.809 418
RMF419 [70] —16.31 0.153 22991 32.50 90.79 1.31 0.760 0.817 418
RMF420 [70] -16.31 0.153 231.91 32.50 90.77 1.09 0.760 0.817 418
RMF421 [70] —16.31 0.153 233.91 32.50 90.76 0.86 0.760 0.817 418

Continued on next page



In-medium NN — NA cross sections from constrained relativistic mean field models Chin. Phys. C 50, (2026)

Table C1-continued from previous page

Model Ey £0 Ko J L Kym my [my mg 5 /moa Azna
RMF422 [70] —16.31 0.153 229.92 32.50 90.27 -2.17 0.770 0.825 418
RMF423 [70] -16.31 0.153 231.91 32.50 90.26 -2.38 0.770 0.825 418
RMF424 [70] -16.30 0.153 24593 32.50 89.21 —9.88 0.790 0.840 418
RMF425 [70] -16.30 0.153 247.94 32.50 89.20 -10.06 0.790 0.840 418
RMF426 [70] -16.30 0.153 249.94 32.50 89.19 -10.24 0.790 0.840 418
RMF427 [70] -16.30 0.153 235.94 32.50 88.83 -11.67 0.800 0.848 417
RMF428 [70] -16.30 0.153 237.94 32.50 88.81 -11.85 0.800 0.848 417
RMF429 [70] -16.30 0.153 239.94 32.50 88.80 -12.02 0.800 0.848 417
RMF430 [70] -16.30 0.153 241.94 32.50 88.79 -12:19 0.800 0.848 417
RMF431 [70] -16.30 0.153 243.94 32.50 88.78 =12.36 0.800 0.848 417
RMF432 [70] -16.30 0.153 245.94 32.50 88.77 —12.53 0.800 0.848 417
RMF433 [70] -16.30 0.153 247.94 32.50 88.75 -12.70 0.800 0.848 417
RMF434 [70] -16.30 0.153 249.94 32.50 88.74 =12.87 0.800 0.848 417

Q1 [71] -16.10 0.148 242.19 36.46 115.77 105.77 0.597 0.693 417
SMFT2 [72] —13.85 0.162 210.02 17.37 52.72 60.28 0.656 0.738 430

S271 [38] -16.24 0.148 270.94 35.03 101.91 22.28 0.700 0.771 417
SRK3MS [73] —16.00 0.150 299.95 23.50 82.46 146.79 0.550 0.657 425
DIM [72] —14.81 0.172 245.71 20.23 63.03 32.62 0.569 0.671 430
HD [74] —16.22 0.177 283.50 35.67 105.86 4451 0.666 0.746 419
MS1 [75] —15.75 0.148 249.97 35.00 106.76 38.56 0.600 0.695 418
MS3 [76] —15.75 0.148 247.80 3491 102.11 —-0.10 0.601 0.696 418
NLSV1 [77] -16.26 0.149 269.49 37.28 114.61 58.91 0.613 0.705 417
NLSV2 [77] —16.24 0.147 293.95 36.84 111.78 39.60 0.618 0.709 417
TM1 [78] -16.26 0.145 279.55 36.84 110.61 33.55 0.635 0.722 416
PK1 [79] —16.22 0.148 283.39 37.61 115.78 55.17 0.605 0.700 417
Z271 [38] -16.24 0.148 270.96 33.30 91.02 -16.40 0.800 0.848 417
hybrid [80] —16.24 0.148 228.75 37.24 118.41 110.50 0.596 0.692 417
72717 [81] —16.24 0.148 268.69 40.18 83.52 -197.69 0.800 0.848 413
HC [74] —15.75 0.169 233.88 31.06 58.60 —98.75 0.679 0.756 417

XS [76] -16.30 0.148 228.11 31.78 54.85 —28.76 0.601 0.696 410
BKA20 [82] —16.09 0.146 236.89 32.24 75.39 —15.04 0.642 0.727 412
BKA22 [82] -16.08 0.147 223.09 33.13 78.67 —8.84 0.608 0.701 410
BKA24 [82] —16.13 0.147 22597 34.18 84.77 —14.95 0.603 0.698 413

FSUGOLD [83] -16.28 0.148 228.56 32.54 60.38 =51.45 0.611 0.703 413
FSUGOLD4 [84] —16.53 0.148 228.95 31.47 51.98 —16.12 0.610 0.703 410
FSUGOLDS [84] -16.92 0.148 229.53 30.56 45.66 23.28 0.610 0.703 413
FSUGZO00 [85] —16.03 0.149 241.74 31.47 62.27 -3.22 0.605 0.699 410
FSUGZO03 [85] -16.07 0.147 230.73 31.50 63.86 -11.75 0.603 0.698 410
FSUGZ06 [85] —16.05 0.146 226.48 31.22 62.53 —24.49 0.607 0.700 410
TU-FSU [86] -16.40 0.155 233.39 31.34 47.35 28.99 0.609 0.702 410
NL3V1 [87] —16.24 0.148 269.60 36.01 101.08 0.62 0.596 0.692 416
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Table C1-continued from previous page

Model Ey 00 Ko J L Kyym my my mg 5 /moa Azna
NL3V2 [87] -16.24 0.148 269.60 34.93 87.64 —46.25 0.596 0.692 416
NL3V3 [87] -16.24 0.148 269.60 34.43 81.97 -56.29 0.596 0.692 416
NL3V4 [87] -16.24 0.148 269.60 33.98 76.87 —60.12 0.596 0.692 415
NL3VS5 [87] -16.24 0.148 269.60 33.12 68.15 -53.40 0.596 0.692 415
NL3V6 [87] -16.24 0.148 269.60 32.35 61.05 —34.30 0.596 0.692 414
S271V1 [87] -16.24 0.148 270.98 35.73 95.92 —44.06 0.700 0.771 416
S271V2 [87] -16.24 0.148 270.98 35.05 86.87 -90.33 0.700 0.771 416
S271V3 [87] -16.24 0.148 270.98 34.42 78.86 -120.99 0.700 0.771 416
S271V4 [87] -16.24 0.148 270.98 33.82 71.75 —139.52 0.700 0.771 415
S271V5 [87] -16.24 0.148 270.98 33.27 65.44 —148.63 0.700 0.771 415
S271V6 [87] -16.24 0.148 270.98 32.74 59.81 =150.45 0.700 0.771 415
Z271S1 [87] -16.24 0.148 270.95 34.95 86.86 —64.86 0.800 0.848 415
Z27182 [87] -16.24 0.148 270.95 34.07 76.62 —92.28 0.800 0.848 415
Z271S3 [87] -16.24 0.148 270.95 33.27 67.81 —104.57 0.800 0.848 414
727184 [87] -16.24 0.148 270.95 32.53 60.18 —106.04 0.800 0.848 414
Z271SS5 [87] -16.24 0.148 270.95 31.84 53.57 -99.82 0.800 0.848 413
727186 [87] -16.24 0.148 270.95 31.20 47.80 —88.22 0.800 0.848 412
Z271V1 [87] -16.24 0.148 270.95 35.34 90.86 -66.36 0.800 0.848 416
Z271V2 [87] -16.24 0.148 270.95 34.80 83.61 —104.83 0.800 0.848 416
Z271V3 [87] -16.24 0.148 270.95 34.54 80.23 —120.38 0.800 0.848 415
Z271V4 [87] -16.24 0.148 270.95 34.28 76.99 —133.75 0.800 0.848 415
Z271V5 [87] -16.24 0.148 270.95 34.04 73.90 —145.14 0.800 0.848 415
Z271V6 [87] -16.24 0.148 270.95 33.80 70.94 —154.73 0.800 0.848 415

G1[71] -16.14 0.153 215.34 38.51 123.30 97.03 0.633 0.721 417

G2 [71] -16.07 0.154 215.00 36.40 100.71 —7.48 0.664 0.744 416

G2" [81] -16.07 0.154 216.87 30.46 69.87 -21.86 0.663 0.743 413
TMI1" [88] -16.33 0.145 281.13 36.87 101.72 -13.78 0.634 0.721 415
BSR1 [89] -16.02 0.148 239.60 31.03 59.39 12.92 0.605 0.699 410
BSR2 [89] -16.03 0.149 241.81 31.54 62.14 —2.87 0.605 0.699 410
BSR3 [89] -16.09 0.150 232.84 32.81 70.63 —7.45 0.604 0.698 410
BSR4 [89] —16.08 0.150 236.47 33.12 73.09 -20.92 0.607 0.700 412
BSRS5 [89] -16.12 0.151 237.33 34.51 83.51 -14.00 0.607 0.700 413
BSR6 [89] -16.13 0.149 233.88 35.57 85.54 —49.59 0.602 0.697 414
BSR7 [89] -16.18 0.149 229.76 37.19 98.93 -17.04 0.602 0.697 415
BSRS [89] —16.04 0.147 231.44 31.09 60.29 —0.68 0.606 0.699 410
BSR9 [89] -16.08 0.147 230.70 31.57 63.76 -11.42 0.603 0.698 410
BSR10 [89] -16.07 0.147 224.90 32.65 70.64 -16.62 0.601 0.696 410
BSR11 [89] -16.08 0.147 227.98 33.73 78.89 —24.71 0.605 0.699 412
BSR12 [89] -16.10 0.147 230.14 33.93 717.73 —44.28 0.608 0.701 414
BSR13 [89] -16.13 0.147 227.25 35.77 90.94 —41.62 0.604 0.698 415
BSR14 [89] -16.18 0.147 233.29 36.24 93.64 —41.83 0.609 0.702 415
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Model Ey PO Ko J L K:ym mjv [/my mB,A /mO,A Axna
BSR15 [89] -16.03 0.146 229.14 31.04 61.96 -21.36 0.607 0.700 410
BSR16 [89] -16.05 0.146 226.57 31.29 62.45 -24.16 0.607 0.700 410
BSR17 [89] -16.05 0.146 219.62 31.92 67.28 -31.57 0.609 0.702 410
BSR18 [89] -16.05 0.146 221.63 32.76 72.69 —42.25 0.606 0.700 412
BSR19 [89] -16.08 0.147 222.06 33.83 79.58 -50.19 0.608 0.701 414
BSR20 [89] -16.09 0.146 222.69 34,51 87.97 -39.86 0.606 0.700 415
BSR21 [89] -16.12 0.145 219.47 35.92 92.86 —45.94 0.602 0.697 415
SVI-1 [90] -16.30 0.149 261.34 36.94 116.12 95.11 0.617 0.708 417
SVI-2 [90] -16.31 0.149 273.61 37.13 116.39 91.95 0.620 0.710 417

SIG-OM [91] -16.31 0.149 262.58 36.91 111.62 40.96 0.623 0.713 417
NLpS A [29] -16.00 0.160 240.16 30.71 102.67 127.37 0.750 0.809 410
NLpéB [29] -16.30 0.148 271.55 34.06 138.90 398.27 0.600 0.695 410
Density-dependent models
DD-ME?2 [52] -16.14 0.152 251.27 32.31 51.27 -87.22 0.572 0.674 410
DD-MEI1 [92] -16.23 0.152 243.84 33.06 55.43 —101.03 0.578 0.678 410
TWO99 [93] -16.25 0.153 240.16 32.76 55.31 —124.69 0.555 0.661 412
DD-F [94] -16.04 0.147 222.87 31.62 55.97 -139.71 0.556 0.662 413
DD2 [95] -16.03 0.149 242.41 31.67 55.03 -93.21 0.563 0.667 412
DD [96] -16.02 0.149 239.88 31.64 55.97 -95.29 0.565 0.668 412
PKDD [79] -16.27 0.150 261.94 36.79 90.20 -80.54 0.571 0.673 415
DDMEJ¢ [30] -16.08 0.152 219.59 32.34 52.80 —118.13 0.609 0.702 416
DDRHps [31] -16.25 0.153 240.16 25.09 47.81 81.15 0.555 0.661 417
Point-coupling models
FA3 [50] -16.02 0.152 275.90 29.69 29.08 —275.05 0.676 0.753 430
FA4[50] -16.09 0.152 293.79 29.77 30.65 —257.83 0.680 0.756 430
FZ3 [50] -15.93 0.152 297.75 29.96 33.78 —262.69 0.742 0.803 430
VZ3 [50] -16.04 0.148 282.09 34.03 121.49 151.25 0.626 0.715 430
PC-F1 [51] -16.18 0.151 255.20 37.78 117.15 74.68 0.610 0.703 430
PC-F3 [51] -16.18 0.151 254.99 38.26 118.57 74.74 0.610 0.703 430
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