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Abstract: In this paper, we propose a map that connects nucleons bound in nuclei and Ising spins in the Ising mod-

el. This proposal is based on the fact that the description of states of nucleons and Ising spins could share the same
type of observables. We present a nuclear model corresponding to an explicit modified Ising model and qualitatively
confirm the correctness of this map with a simulation on a two-dimensional square lattice. This map can help us un-
derstand the profound connections between different physical systems.
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I. INTRODUCTION

Inspired by the renowned concept of fermion-boson
duality and the recently proposed fermion-bit correspond-
ence [1, 2], we propose a map between nucleons bound in
nuclei and Ising spins in the Ising model called the "SRC-
bit map," where SRC is an abbreviation of "short-range
correlation.” A brief introduction to these sorts of maps
will be presented presently.

The fermion-boson duality shows the equivalence of
fermionic and bosonic particle systems; it stems from the
following question — can bosons and fermions trans-
form into each other? It is possible in supersymmetry,
which is a spacetime symmetry between two basic classes
of particles: bosons, which have an integer-valued spin
and follow Bose-Einstein statistics, and fermions, which
have a half-integer-valued spin and follow Fermi-Dirac
statistics. In supersymmetry, each particle from one class
would have an associated particle in the other, known as
its superpartner. As one of the strongest candidates for
physics beyond the Standard Model, supersymmetry has
yet to be tested by high energy experiments. However, in
low-dimensional non-relativistic systems, the equival-
ence of bosonic and fermionic systems was reported long
ago [1, 3—11]. Massless boson and fermion theories in
1+ 1-dimensional Minkowski and curved space-time
have been proved to be equivalent [12, 13]. Because the
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spin-statistics relation is based on relativity, a non-relativ-
istic system can escape the spin-statistics relation, such
that the boson can have spin while the fermion is spinless.
The relation between a spin-bearing boson and a spinless
fermion may shed light on the general properties of bo-
son-fermion duality.

A fermion-bit map is proposed based on the equival-
ence between the two formulations for describing fermi-
ons and Ising spins, as they could have the identical ex-
pectation values of products of observables. In the case of
fermions, the observables are occupation numbers n(x),
which take values 0 or 1. For n(x) = 1 a fermion is present
at x, while for n(x) = 0 no fermion is located in x. In the
case of Ising spins, s(x) can take the values +1, which
can be understood as the magnetic dipole moments of
atomic "spins" in ferromagnetism. A relation between oc-
cupation numbers and Ising spins can be readily estab-
lished, n(x) = (s(x)+ 1)/2. Based on these simple observa-
tions, a map between fermions and Ising models has been
proposed [14, 15]. Since Ising spins can be associated
with bits of information, this map has been termed the
"fermion-bit map."

Inspired by these relations, we propose a new map-
ping between nucleons and Ising spins. One may think of
the stable nucleus as a tight ball of neutrons and protons
(collectively called nucleons), held together by the strong
nuclear force. This basic picture worked very well until
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deep inelastic scattering (DIS) led to the discovery that
nucleons are made of quarks. However, due to the small
nuclear binding energy and the idea of quark-gluon con-
finement, it was thought that quarks had no explicit role
in the nucleus; hence, nuclei could still be described in
terms of nucleons and mesons. In 1982, this understand-
ing was changed by measurements performed by the
European Muon Collaboration (EMC) [16]. The initial
expectation was that physics at the GeV scale would be
insensitive to nuclear binding effects, which are typically
on the order of several MeV. However, the collaboration
discovered that the per-nucleon deep inelastic structure
function in iron is smaller than that of deuterium in the
region 0.3 < xg <0.7. This phenomenon is known as the
EMC effect and has been observed for a wide range of
nuclei [17-21]. Here xg =Q?/(2P-q) is the Bjorken vari-
able. Figure 1 shows the process of lepton-nucleon DIS,
where a lepton with momentum £ interacts with a nucle-
on with momentum P through the exchange of a photon;
the negative squared four-momentum transfer Q% = —¢2.
Although this brought our understanding of how the
quark-gluon structure of a nucleon is modified by the sur-
rounding nucleons to a whole new level, there is still no
consensus as to the underlying dynamics that drives this
effect. Currently, one of the leading approaches for de-
scribing the EMC effect is that nucleons bound in nuclei
are unmodified, the same as "free" nucleons most of the
time, but are modified substantially when they fluctuate
into SRC pairs. The connection between SRC and EMC
effects has been extensively investigated in nuclear struc-
ture function measurements [22-34]. SRC pairs are con-
ventionally defined in momentum space as a pair of nuc-
leons with high relative momentum and low center-of-
mass (c.m.) momentum, where high and low are relative
to the Fermi momentum of medium and heavy nuclei. In
this paper, we will emphasize the similarities between the
descriptions of SRCs and Ising spins on the basis of
which a new kind of map is proposed in this paper that
we term the "SRC-bit map."

The present manuscript is arranged as follows. In Sec.
II, we will discuss the map between SRCs in nucleons
and Ising spins. One longstanding theoretical model that
is used to depict the nucleons is presented with reference
to an explicit Ising model. Sec. III is devoted to simula-
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quark

Fig. 1. (color online) Kinematics of lepton-nucleon DIS.

tions of nucleon states in terms of the Ising model, where
our preliminary results support the proposed map
between nucleons and Ising spins. Finally, we summar-
ize our work and comment on future developments in
Sec. IV.

II. MAP BETWEEN SRCS AND ISING SPINS

A. Notations and definitions

In nuclei, nucleons behave approximately as inde-
pendent particles in a mean field, but occasionally
(20% —25% in medium or heavy nuclei) two nucleons get
close enough to each other that temporarily their singular
short-range interaction cannot be well described by a
mean-field approximation. These are the two-nucleon
short-range correlations (2N-SRC). The description of
SRCs in nucleons and Ising spins in the Ising model
could share the same type of observables, as with imple-
mentations of fermions within the Ising model. Ising spin
s; can take the values +1, each representing one of two
spin states (spin up or down). Similarly, we define s ; to
represent the state of a nucleon. For sg.; =1 a nucleon
that belongs to an SRC pair is present at lattice site i,
while for sgc; =0 the corresponding nucleon can be re-
garded as an independent particle. The simple relation
between these two "spins" is

Si =255rc,i_ 1. (1)

In addition to this simple relation, there are other com-
mon features between these two systems. In the Ising
model, the spins are arranged in a lattice, allowing each
spin to interact with its neighbors. Consider a set of lat-
tice sites A. For each lattice site i € A there is a discrete
variable s; such that s; € {+1,—1} representing the site's
spin. For any two adjacent sites i, j € A there is an interac-
tion J. In addition, every site j € A is influenced by an ex-
ternal magnetic field /4. The corresponding Hamiltonian is
thus

J
H:—EZsisj—thsj, 2)

p J

where the first sum is over pairs of adjacent spins and the
second term represents the universal interaction with the
external magnetic field, where the magnetic moment is
given by u. The physical quantities describing nucleons
can also be divided into two parts, one for nucleons be-
longing to SRC pairs and the other for mean-field nucle-
ons [32]. The pedagogically sketched diagrams for the
Ising model and structure of the nucleus are presented in
Fig. 2. For instance, the nucleon spectral function P(p,E),
which is the joint probability of finding a nucleon in a
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el in ferromagnetism (upper) and the nuclear structure (lower),

(color online) Schematic diagrams for the Ising mod-

where both of the types of interactions in these diagrams can
be divided into two parts. For the Ising model, they are adja-
cent interactions and universal external magnetic field interac-
tions. For nuclear structure, they are SRCs and interactions
with the mean field.

nucleus with momentum p and removal energy £ can be
modeled as [35]

P(p,E) = Pi(p,E) + Po(p.E), 3)

where the subscript 1 refers to high-lying continuum
states that are caused by the short-range correlations and
the subscript 0 refers to values of E corresponding to
low-lying intermediate excited states.

Another example is the nuclear gluon distribution.
We can parameterize the nuclear gluon distribution in the
EMC region with the structure function [29, 36, 37]

ga (xp,0%) = 2150 (x5, 0%) +Ag, (x8,0%), (4

where nf_ represents the number of SRC pairs in nucleus
A. Here the authors have made the approximation that all
nuclear modifications originate from the nucleon-nucle-
on SRCs in the EMC region. 63 (xg, Q%) represents the
difference between the gluon distribution in the SRC pair
and in the free nucleon.

Inspired by the term "fermion-bit map" presented in
Ref. [2], we propose an "SRC-bit map," which represents
the relation between the states of each nucleon in nucleus
and the state of each lattice site in the Ising model. An
obvious benefit of this map is that it allows the properties

of nucleons to be described in terms of classical statistic-
al systems for Ising spins, for which many highly de-
veloped methods are available. The two-nucleon short-
range correlations are defined operationally in experi-
ments as having small center-of-mass (c.m.) momentum
and large relative momentum, to which approximately 20
nucleons belong. This means in a medium or heavy nuc-
leus, the average 5y =0x%x80%+1x20% =0.2, which
corresponds to average Ising spin § = —0.6 under Eq. (1).

For the Hamiltonian shown in Eq. (2), the partition
function is

- -BH
Si

where 8= (kgT)~! and {s;} means the sum over all pos-
sible configurations of spins. If a mean field approxima-
tion is applied, the Hamiltonian can be further simplified,

HMFZ—Z/,lSi(h+il), (6)

here h = (ZJ/u)s5, Z is the coordination number, and 5 is
the average Ising spin. Therefore, the partition function
reads

Zur = H (Z e—ﬁﬂ(h+h)s>

si=%1

= {2cosh($+]§,§)yl. (7

The magnetization can be written as

M = Nus,
M = —(0F/0h) = Nutanh (—h + g ) ®
ksT

where F is the Helmholtz free energy. § can be obtained
from Eq. (8)

_ ph ZJ>
s—tanh(kBT T ) 9

Recall that 5§=-0.6 is the counterpart of 5y, =0.2. It is
interesting to note the conditions under which 5= -0.6.
First, in the case of the Ising model with no external mag-
netic field, Eq. (9) simplifies to

Eztanh(—s) . (10)

It is the coefficient (ZJ)/(kgT) that determines the solu-
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Fig. 3. (color online) Upper panel shows the shapes of r.h.s.
of Eq. (10) with different coefficients, where brown indicates
f(5)=5. The desired solution (orange point) could be ac-
quired with an appropriate choice of the coefficient
(ZD)/(ksT). The lower panel shows the typical shape of the
r.h.s. of Eq. (9) with the desired solution (orange point).

tion. The upper panel of Fig. 3 shows the shapes of the
r.h.s. of Eq. (10) with different coefficients. It can be seen
that the desired solution 5=—0.6 can be achieved when
(ZJ)/(kgT) ~ 1.16. Second, in the case of the Ising mod-
el with an external magnetic field, both (uh)/(kgT) and
(ZJ))/(kgT) contribute to the result. The lower panel of
Fig. 3 presents the typical shape of the r.h.s. of Eq. (9)
with solution 5 = —0.6.

We would like to make a few remarks here:

1. All these discussions are independent of the partic-

ular dynamics of the systems. Sect. II therefore presents a
very general map from a discrete classical statistical en-
semble to the structure of the nucleus, which is formed by
the strong interaction.

2. According to the simple relation in Eq. (1), there
must be a phase transition in the Ising model in order to
map the SRC phenomenon in the nucleus (since §=0
leads to 5. = 0.5, this is not the correct number as meas-
ured experimentally). In one dimension, the solution of
the Ising model admits of no phase transition; thus, a
higher dimensionality is needed to examine this rigor-
ously.

3. There are arguments that single-particle correla-
tions such as momentum distributions and single-particle
spectral densities are not forced to be identical between
bosons and fermions in Ref. [38]. Similarly, whether the
SRC-bit map would help people understand parton distri-
bution functions such as the gluon distribution needs fur-
ther investigation.

4. SRCs of more than two nucleons such as 3N-SRCs
also exist in nuclei although their probability is expected
to be significantly smaller than that of 2N-SRCs. Thus
there would be three states of a nucleon — does not be-
long to SRC, or belongs to 2N-SRC or 3N-SRC. The
three-state Potts model is a natural extension of the Ising
model where the spin on a lattice takes one of three pos-
sible values [39]. It would be intriguing to generalize the
SRC-bit map to these three states situations.

The important aspect of the Ising model is that a vari-
ety of problems can be investigated using similar kinds of
modeling. Undoubtedly, with the many highly developed
methods available for the Ising model, the SRC-bit map
offers new insight into the study of the EMC effect in
nuclear physics.

B. A potential theoretical model that can be simulated
with the Ising model

In the rest of this section, we will discuss a theoretic-
al model as a potential candidate for an explicit Ising
model that thus could be investigated in terms of many

e ®

Fig. 4. (color online) Two-component nucleon model: Nor-
mal-sized component plus pointlike configuration component
[32].
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highly developed statistical methods. This theory was
proposed by Frank, Jennings, and Miller in 1996, in
which the nucleon can be regarded as a superposition of
two different configurations, of which one is a "bloblike"
configuration (BLC) with the normal nucleon size and the
other is a "pointlike" configuration (PLC) [40, 41], Fig. 4
shows a schematic diagram of this two-component nucle-
on. The BLC can be thought of as an object similar to a
nucleon. The PLC represents a three-quark system of
small size, which dominates the high-xg behavior of the
parton distribution function. When placed in a nucleus,
the bloblike configuration feels the regular nuclear attrac-
tion and its energy decreases, while the pointlike config-
uration feels far less nuclear attraction. The nuclear at-
traction increases the energy difference between the
BLCs and the PLCs, therefore reducing the PLC probab-
ility; the PLC is thus suppressed. Reducing the probabil-
ity of PLCs in the nucleus reduces the quark momenta,
which is in agreement with the EMC effect. One can refer
to Refs. [32, 40, 41] for more details.

The idea that different constituents of the nucleon
have different sizes is directly related to the EMC effect
[41]. The Hamiltonian is given by the matrix

Eg V
Hozl B

: 11
v B (1D

where Ep and Ep are the PLC and BLC energies, respect-
ively, and V isthe hard-interaction potential that con-
nects the two components. We choose Ep>FEgp and
|V|< Ep—Eg so that the nucleon is mainly BLC. When
placed in a nucleus, the BLC component of a nucleon
feels an attractive nuclear potential Hamiltonian H,,

u o

H) =
0 0

. (12)

Therefore the complete Hamiltonian H = Hy + H; is

Es-|U V
vV Ep

H= (13)

in which the attractive nature of the nuclear binding po-
tential is emphasized. The inclusion of U increases the
energy difference between the BLC and the PLC com-
ponents, which decreases the PLC probability. Within
this model the medium-modified nucleon contains a com-
ponent that is an excited state of a free nucleon. The
amount of modification that gives a deviation of the EMC
ratio from unity is controlled by the potential U. The ei-
genstates of H are labeled |N)y and |[N*)y, where the
subscript M means medium-modified; they are

INY)m = |B) +eulP), IN“)y = —€ml|B)+|P), (14)
where €y, =V/(Eg —|U| - Ep), |B) stands for the BLC state,
and |P) stands for the PLC state. One can also write down
the eigenstates of Hy,

IN) =|B)+€lP), IN")=—é€lB)+|P), (15)

with e€=V/(Eg —Ep). Therefore, the medium-modified
nucleon |N)y can be expressed in terms of the unmodi-
fied eigenstates |N) and |N*) as

IN)m = IN) + (em —€)IN"). (16)

It is the second term whose functionality resembles
the SRC pair described above that dominates the high-xg
behavior of structure function, i.e., the EMC effect meas-
ured in DIS experiments. By adjusting the amount of the
excited state |N*) contained in nucleon [N),, the devi-
ation of the EMC ratio from unity can be predicted [41,
42]. In this theory, the degree of deviation is controlled
by U, V and Ep— Eg. One can use sy = 1 to represent the
excited state |[N*) and sy, =0 for the ground state |N).
According to the simple relation in Eq. (1), their corres-
pondences are with lattice sites with spin s=1 and
s = —1, respectively. For an Ising model in a certain di-
mension, the variables that determine the final magnetiza-
tion state are the temperature 7, coupling J, and external
magnetic field 4.

One can envision the following situation: Before be-
ing bound in a nucleus, the nucleons can be regarded as
collections of "free particles" whose components are
INY=|B) + €|P). It is the potential ' that connects the two
components; the amount of PLC decreases with the in-
crease of V~!, in which case most would be BLC. This is
very similar to the Ising model in ferromagnetism without
an external magnetic field, where the states of the lattice
tends to be the same with the increase of coupling J. The
energy difference AE =FEp—Fp is also an important
factor; the numbers of BLC and PLC would be approxim-
ately equal when AE~! — oo, analogous to the case of no
phase transition when 7' — oo which is provided as an ac-
ceptance criterion for different spin states in the Ising
model. For AE~! — 0, the huge energy difference indic-
ates there are few PLCs in the nucleon, corresponding to
no SRC pair. Similarly, when T — 0, nearly all of the
spin states are the same in the Ising model.

Now suppose the nucleons are bound in a nucleus.
They would feel an attractive nuclear potential U, which
further decreases the PLC probability according to Eq.
(14). A similar situation occurs in paramagnetics when
we add a downward external magnetic field /, which con-
verts more spin states of lattice sites to —1. From this
point of view, the general properties of the variables used
to describe the models of nucleons and Ising spins are the
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same.

III. MONTE CARLO SIMULATIONS OF
NUCLEON STATES

A. Notations and definitions

We will explore the issue of simulating the nucleon
states in the nucleus in terms of mature methods avail-
able for a two-dimensional square lattice Ising model in
greater detail. In general, a Monte Carlo simulation pro-
cesses a subset of configurations in the configuration
space of a given system according to a predefined prob-
ability distribution. Here we set the states of all lattice
sites to —1 as our predefined distribution. Eq. (1) allows
us to relate the s=-1 to sg. =0 of the nucleon state,
which corresponds to the situation where all the nucleons
do not belong to SRCs.

The Metropolis algorithm will be utilized to perform
the importance sampling of the configuration space [43].
In this method, a Markov chain of configurations is gen-
erated in which each configuration Cy, is obtained from
the previous one C, with a suitably chosen transition
probability w(—¢+1) determined by the Metropolis func-
tion

. AE
W(e—e+1) = Min {l,exp (—kB—Tﬂ , (17)

1e.,

AE .
W(e—t+1) = EXP (—m) s if AE >0,

W(t—0+1) = 1, if AE <O.

where AE = E(C¢y1)— E(Cy). The process C; — Cyyy con-
stitutes one Monte Carlo step (MCS), which may be
taken as our unit of computational "time." We will take
the time to 1x 10° in our simulation.

B. Modified Hamiltonian of the Ising model

The Hamiltonian of the Ising model has already been
shown in Eq. (2). We will modify this Hamiltonian to
make it more suitable for describing nucleons. The states
of nucleons are simulated on a 400 x 400 lattice, and these
1.6 x 10° lattice sites are grouped into 8 x 10* pairs, tak-
ing into account that SRCs always appear in pairs. The
spin of any pair of sites is either +1 or —1, where the
value of coupling J depends on the magnetization state of
the system.

We divide the first term in Eq. (2), which describes
the interaction between adjacent spins, into two parts, one
responsible for the adjacent interaction between a pair of

+1 states, the other accounting for the interaction
between a pair of —1 states. The modified Hamiltonian of
the Ising model is

H= _ZCJuszi+2CJd0wnZSj_ﬂthj’,

(@) o\ G
for any s;=+1ands;; =-1. (18)

The first sum runs over all pairs of nucleons with s = +1,
and the second sum is over all pairs with s=—1. The
factor 2 is introduced to remind us that there are two lat-
tice sites with same spin in one pair; the energy dimen-
sion of coefficient C is E', which serves to characterize
the relative interaction strength compared to the external
magnetic field. The third sum depicts the universal inter-
action with external magnetic field, where we take 4 to
have a negative value and whose functionality only acts
on the —1 states, reducing the energy of this system. This
is consistent with the function of U in the theoretical
model introduced at the previous section in Eq. (12). In
this modified Ising model, the J,, and Jiown terms ac-
count for the short-range interaction and the magnetic
field u term accounts for the long-range interaction. It is
under their combined effects that the system reaches its
equilibrium state. It is worth noting that the relative val-
ues of Jup, Jaown, and / characterize the relation between
short-range and long-range interactions on nucleons,
which is an important research object since this relation
decides the magnitude of the EMC effect.

The form of the modified Hamiltonian is not unique.
We constructed Eq. (18) specifically for our purpose of
describing the states of nucleons statistically, although
this step will introduce model dependence. The construc-
tion of the modified Ising model is not determined, lead-
ing to the results being dependent on the form of the
model and selection of its parameters.

One important feature of the Metropolis algorithm
shown in Eq. (17) is that it allows MCS, which increases
the energy, albeit with a low probability if the energy is
increased by a large amount. The variation of energy in
every MCS is influenced by the couplings Ju, and Jaown,
which are expressed in terms of the average Ising spin in
this modified Ising model,

1 _
Jup =—EZS,, =-3,
u

1 (19)
Jdown=1+ﬁzsy= 1+5.
u

Before simulation, we also need to specify the initial
configuration; here it is all spins pointing down (i.e.,
s; =—1 for all i) at +=0. This configuration corresponds
to a bunch of "free" nucleons without SRC pairs. Then
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Fig. 5. (color online) Simulation of bound nucleons in terms

of a two-dimensional lattice of size 400x400 sites; here we
only show a small part of the simulation micrograph (50x50)
for a better view. Every pair of red balls indicates a pair of
SRCs; the other lattice sites, in yellow, represent nucleons that
are nearly free. Micrograph (a) is taken after the completion of
1x10°> MCSs, where the memory of the initial configuration
has not been lost. Micrograph (b) is taken after 1x 10* MCS,
where the variation of the system tends to be gentle. Micro-
graphs (c) and (d) are taken after 5x 10° and 1x10° MCSs, re-
spectively; these two diagrams indicate that the system has
reached an equilibrium state. When T =2.5, the ratio of the
two components is maintained at 1/4.

we add an external magnetic field and allow this system
to evolve until it reaches the equilibrium distribution. The
simulation results will be shown in next section.

C. Final results

Here we present the final simulation results for the
modified Ising model used to mimic the nucleons bound
in a medium or heavy nucleus. Figure 5 presents the evol-
ution of the system from initial state (s;=—1 for all i) to
equilibrium state. After the completion of 1x10® MCS,
the ratio of the two components (nucleon belonging to an
SRC or not) is maintained at 1/4 at T = 2.5, which is con-
sistent with experimental data. In this simulation, we take
the coefficient C =2 and the external field 4 = —4. Figure
6 shows the stability of this simulation; after 1x 10’
MCS, 5 remains at about —0.6.

The average spin § vs temperature 7 curve is plotted
in Fig. 7. As is evident from this figure, the system tends
to be more disordered (i.e., § — 0) as the temperature in-
creases, whose corresponding situation in the nucleus has
been described in the last section as AE~! — co. In many
nuclear theories, the temperature is related to the energy
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Fig. 7. (color online) Average spin vs temperature, where
the values are taken after 1x10° MCS, where C and / are
fixed at 2 and -4, respectively. |5] decreases with increasing
temperature.

Average spin
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Fig. 8.  (color online) Average spin vs external magnetic
field, where the values are taken after 1x10° MCS; here,
C =2 and h = —4. |5| increases with increasing |h|.
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difference between different states of nucleons; thus, we
can investigate the distinction between nucleons in the
SRC state and normal state by scrutinizing the temperat-
ure dependence in the Ising model. Figure 8 presents the
influence of the external magnetic field # on 5. When it
reaches the equilibrium state, the system is more orderly
(i.e., § > —1) as |h| increases.

The results shown in this section have qualitatively
confirmed the validity of utilizing the Ising model to de-
scribe the states of nucleons bound in a nucleus. This en-
couraging result indicates the possibility of investigating
nucleons in terms of many well established techniques in
thermodynamic statistics, which in some sense assumes
that the fundamental mechanism of the real world is in-
trinsically probabilistic. Classical statistics and quantum
mechanics are two sides of the same coin, rather than mu-
tually exclusive concepts. In many cases, the typical
quantum mechanical features emerge if we concentrate
on the statistical description of the system for a particle.
This opens the potential for cross-fertilization between
the two formalisms, since they both can describe the
same physical reality.

On the other hand, Quantum Chromodynamics
(QCD) is our fundamental theory to describe the struc-
ture of the nucleon. As a nonperturbative approach based
on first principles, lattice QCD (LQCD) can in principle
be applied to resolve this issue. In fact, there is a pioneer-
ing work in which the fraction of the longitudinal mo-
mentum of *He that is carried by the isovector combina-
tion of u and d quarks is determined using lattice QCD
for the first time [33]. This work shows potential for re-
vealing the QCD origins of the EMC effect. The authors
intend to expand the range of nuclei and provide a com-
plete flavor decomposition in the near future. It is worth
noting that Ref. [33] did not observe the EMC effect in
their lattice simulations, which in some sense is to be ex-
pected due to the limited computing resources (e.g., the
unphysical 7 mass, m, ~800MeV) and the choice of a
light nucleus (*He). Nevertheless, we believe this marks
significant progress despite the great cost in computing
resources and need for new efficient algorithms. This
situation thus raises the question whether we can use a
simple statistical model to capture the main features of
nucleon structure; this paper reports our first attempt on
this issue.

Here, we note that the simulation in this manuscript is

rather rough and the results are fairly sensitive to the
model construction. The value of average spin will stabil-
ize elsewhere than —0.6 if the parameters in Eq. (18) are
changed (as shown in Fig. 6 and Fig. 7). Therefore, to
realize the power of the Ising model, systematic studies
on parameter selection are urgently needed. Besides, the
estimation of 20% of the nucleons belonging to SRCs in
medium or heavy nuclei needs to be explored in more de-
tail; this Ising-model-based simulation should be able to
describe a series of nuclei explicitly and reproduce the
linear relation between the magnitude of the EMC effect
and SRC scale factor [26].

In short, we construct a modified Ising model in Eq.
(18) that is implemented through a Monte Carlo calcula-
tion to describe the nucleons bound in nucleus. As sug-
gested by the simple map in Eq. (1), the average spin of
this model should stabilize at about §=-0.6 when it
reaches the equilibrium state, as mentioned in Sec. II. Our
results here yield positive insights into applying the Ising
model to this issue.

IV. CONCLUSIONS

Based on the fact that the SRCs in nucleons and Ising
spins in the Ising model could share the same type of ob-
servables, a new SRC-bit map is proposed in this work.
This map is a powerful tool connecting the state of each
nucleon with the state of each lattice site. We have con-
sidered a nuclear theory as a correspondence to an expli-
cit Ising model and implemented a simulation of the nuc-
leon states in terms of the Ising model; our preliminary
results support the proposed map between nucleons and
Ising spins.

The investigation of nucleons with the SRC-bit map
is evidently in the nascent stage, but with advancements
in computational sources and efficient algorithms, the
prospect of its applications in research areas related to
nuclear structure appears bright. More rigorous investiga-
tions of related issues are urgently called for. Besides
conceptual advances, the treatment of classical statistics
and quantum particles in a common formalism could lead
to unexpected cross-fertilization on both sides.
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