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collisions, while the red points depict peripheral collisions.
The solid markers show the generated distribution without
smearing, while the open markers include detector smear-
ing. One can conclude that the results at generator level and
after detector smearing are almost identical. The small
impact of the ZDC energy resolution on centrality does not
put stringent requirements on the ZDC performance.
Second, in this analysis, the default option is τ0 ¼ 10 fm

and genShd ¼ 3. In order to study the impact of τ0 on
centrality, it was lowered to 3 fm. A smaller τ0 means more
particles can be formed in the nucleus, which results in
more emitted neutrons from the nuclear breakup, and
consequently a larger energy deposition in the ZDC.
Figures 15(b) and 16(b) show the b and TðbÞ=ρ0 com-
parison for τ0 ¼ 10 and 3 fm in both central and peripheral
collisions for the genShd ¼ 3 case, respectively. There is
no significant difference between the distributions of τ0 ¼
10 and 3 fm observed for peripheral events, while some
differences for central events. However, the difference
between peripheral and central events is small, showing
a weak dependence on τ0.

Third, the energy of the emitted particles scales with the
beam energy. However, for the b distribution, there is no
significant difference between central and peripheral colli-
sions for the various beam energies, as shown in Fig. 15(c).
The same behavior is observed for TðbÞ=ρ0 and summa-
rized in Fig. 16(c). This indicates that there is no beam
energy dependence for the centrality definition. Therefore,
although some model parameters are not precisely deter-
mined in BeAGLE, we find that the correlation between
ZDC energy and collision geometry is very stable.
To model nuclear shadowing effects, BeAGLE has three

different models implemented, as described in Sec. II A.
Studies indicate a very small effect of shadowing on the
energy deposition in the ZDC in the BeAGLE framework.
Predictions for b and TðbÞ=ρ0 with the different shadowing
models are also studied. Figures 15(d) and 16(d) show the
comparison of b and TðbÞ=ρ0 between genShd ¼ 3 and
genShd ¼ 1, respectively. In both distributions, no differ-
ence is observed between the two shadowing options in
central collisions, but some differences are seen in periph-
eral collisions. The observed differences arise from the
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FIG. 12. The correlation of momentum and scattering angle for two beam energies for neutrons and protons.
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FIG. 13. (a) The centrality selection by the energy deposition in the ZDC. (b) The distribution of hdi for different choices of central:
0%–1%, 0%–3%, 0%–5%, and 0%–10%, as well as for the peripheral centrality: 60%–100%, 70%–100%, 80%–100%, and 90%–100%.
Note that both of these two distributions are in the MC generated level, without detector smearing.
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ØThe centrality had been studied before.

ØMore detailed studies are done considering:
ü Neutrons from different processes

ü Gamma from 𝜋! decay

ü Correlations between ZDC energy and impact 

parameter

PRD 106, 012007 (2022) 



v Motivation 

4

2

I. INTRODUCTION

Most of the atomic nuclei in their ground state are deformed from a well defined spherical shape. The deformation
has non-trivial dependence on the proton and neutron number, especially in the vicinity of full shell or subshell,
reflecting collective motion induced by interaction between valence nucleons and shell structure [1]. The collective
motion leads to characteristic rotational spectra of nuclear excited state, where the electric multi-pole transition
probability B(En) between low-lying rotational states with n�h di↵erence in angular momentum can be used to infer
the shape parameters. Past e↵orts have led to the discovery of a rich variety of phenomena, such as quadrupole
deformation, shape evolution, triaxiality/shape coexistence, octupole deformation, hexadecapole deformation and
other exotic shapes [2–6].

No-one has directly observed the deformed nucleus, however. This is because the nucleus is deformed in the so-
called intrinsic (body-fixed) frame, and its wave function in the laboratory frame actually does not pick a particular
direction. The typical scattering experiments probe the nuclear form factors averaged over all orientations, and the
static deformation appears mostly as an increased surface thickness [7]. On the other hand, high-energy heavy ion
collisions at RHIC and the LHC, as illustrated in Fig. 1, can image the shape of the nucleus by colliding them together
and looking at the collective expansion of the produced system responding to the geometry of the overlap. In these
collisions, two Lorentz-contracted nuclei, by a factor of 100 at RHIC and more than a factor of 1000 at the LHC, cross
each other over a time scale ⌧ < 0.1fm/c ≈ 3 × 10−24s, forming a hot and dense quark-gluon plasma (QGP) [8] in the
overlap region, whose initial shape is correlated with the deformed shape of the nuclei. Driven by the large pressure
gradient forces, the QGP expands hydrodynamically, converting the spatial anisotropies into azimuthal anisotropies
of final-state particles in the momentum space [9]. Nuclear shape imaging is possible because each collision probes
simultaneously the entire mass distribution of the nuclei, and one can use particle correlations among thousands of
produced particles to infer the two-point and multi-point correlations of this mass distribution and hence its spatial
shape. Since the time scales involved in these collisions are much shorter (< 10−24s) than the typical timescale of the
rotational bands (10−21s [10]), this raises an important question of whether the manifestation of nuclear deformation
– a collective feature of the nuclear many-body system – is the same across energy scales [11].
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FIG. 1: The cartoon of collision of nuclei with quadrupole (left), octupole (middle) and hexadecapole (right) deformations
including either the Yn,0 mode (top row) or the Yn,n mode (middle row) and with �n = 0.25. The Lorentz contraction in the
z-direction, by factor of 100 at RHIC and more than a factor of 1000 at the LHC, are not shown. The bottom row shows how
the initial condition of the QGP formed after the collision looks like in the transverse plane. The hallow arrows indicate the
direction of maximum pressure gradients along which the medium expand with largest velocity, leading to final state harmonic
flow vn with n-fold symmetry.
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Exð2
þ
1 Þ, BðE2; 2þ1 ! 0þ1 Þ and the quadrupole moment are in

excellent agreement with the experiment. We stress that the states
of strong ellipsoidal oblate deformation, with β2 ~ 0.6, can now be
described in such an ab initio approach, with virtually all relevant
correlations explicitly treated (i.e. no in-medium corrections like
effective charges, effective operators, etc).

Following the cases of Be isotopes, we analyze the density
distribution of the 0þ1 state in terms of Q-aligned states. Figure 6c
shows its density profile on the yz plane. For comparison, Fig. 6b
displays the calculated density of the α particle. The peak values
are similar between panels b and c. The pattern of Fig. 6c
resembles the one in Fig. 1c–i. Three (α-like) clusters are close-
lying in both panels. In the former, the distances between the
nearest peaks are ~1.9 and ~2.4 fm (if preferred, see two-
dimensional plot in Supplementary Figure 1). These are smaller
than the distance for 8Be (~3.5 fm), and this structure looks like
Fig. 1c–i, being closer to a quantum liquid (i.e., normal nuclear
matter with a basically constant nucleon density) rather than
well-separated α clusters. The lower density region in the center
of the nucleus (Fig. 6c) is seen. Although this contradicts the
naive independent particle model with the filling of the lowest s1/2
orbit, this trend is consistent with experiment43.

Novel picture of the Hoyle sate. The 0þ2 state of 12C is called the
Hoyle state21. Figure 6d shows its snapshot density profile
obtained from the corresponding Q-aligned state, presenting clear
differences from panel c. The Hoyle state appears to comprise

three well-separated α(-like) clusters. However, this is not the
full story.

The features of the Hoyle state can be clarified by the T-plot
shown in Fig. 4e, f for the 0þ1;2 states. These T-plot circles are
widely distributed, in contrast to Be cases (Fig. 4c, d). In order to
look into such a spread in the T-plot, we divide the whole PES
plane into three regions, I, II and III. The region I is bound by
β2 < 0.7, as shown by arcs in Fig. 4e–g. The outer area is divided
into region II for 6∘ ≤ γ ≤ 60∘ and region III for 0∘≤ γ ≤ 6∘, as
separated by the outgoing straight lines in Fig. 4e–g.

Regarding the 0þ1 state, large T-plot circles in the region I seem
to dominate the character of the 0þ1 state. In order to quantify this
feature, we decompose the 0þ1 state into the region I, -II, and -III
components comprising, respectively, basis vectors in the regions
I, II, and III. Proper orthogonalization is performed among them
(for technical details, see Methods). It is shown that the 0þ1 state
lies in region I (II) with 94% (6%) probability, meaning that this
state is predominantly in region I. Figure 6f exhibits the snapshot
density profile obtained from the region I component of the
Q-aligned state. The peak area of this density profile is flat and
wide, like normal nuclear matter, which is a quantum liquid. This
density profile shows an oblate and somewhat triangular shape
similar to Fig. 1c (this may be seen better in the two-dimensional
plot in Supplementary Figure 1). The density of the flat part is
close to the central density of the α particle, higher than the
normal density (~0.16 fm−3). The implication of this common
feature is worth noticing, as a possible characteristic feature of
light nuclei.
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Fig. 5 Properties of 12C nucleus. a The 2þ1 and 0þ
2 (Hoyle state) energy levels, and the B(E2) (M(E0)) values in the unit of e2 fm4 (e fm2) compared to

experiments20,46. Data are also from the National Nuclear Data Center’s `Evaluated Nuclear Structure Data File’ (http://www.nndc.bnl.gov/ensdf/).
b Energy eigenvalues of the 0þ

1 (black), 2þ1 (blue), and 0þ
2 (red) states against the energy variance. Open squares indicate experimental values. Solid lines

imply polynomial extrapolation. c Schematic illustration for the Hoyle state (star), comprising clustering (pink), and quantum–liquid (green) components
(open circles). Ground-state properties are depicted for 8Be and 12C.

Fig. 6 Density profiles on the yz plane of α or 12C nuclei. a Color code of the density. b Density of the α-particle ground state. c–e Density of 0+ states of
12C nucleus. f–i Decomposition into the regions. The probability in the indicated region is shown.
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ØEIC can be a unique tool for 
understanding the nuclear structure
ü Understanding the nuclear deformation 

ü Understanding the α clustering



v The detector’s acceptance:
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Ø In this current study, we are using: ZDC, Roman Pots (RP), and B0
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The BeAGLE model is used in the current study
PRD 106, 012007 (2022) 



v The BeAGLE model:

22-MAR-2018 Baker - POETIC MCEG Workshop 18

Geometry parameter "d"
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Ø Particles in the model: 
Ø X= 0, 2 create in hard collisions not affected by internuclear cascade (INC) )
Ø X= 3 Create in the evaporation process
Ø X > 11 Particles created during the Intra-nuclear cascade
Ø ……….
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Can we use the neutrons in ZDC to cut on the 
impact parameter? 



𝐸!"# = #
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Ø Many peaks from evaporation processes.
Ø Can evaporation neutrons be used to study centrality? 

v Neutrons in ZDC in central collisions

9

𝐸"#$
𝐸!"#

Neutrons from all process 



v Can 𝛾 affect the centrality given by the ZDC
Ø Small contributions from the 𝛾 to ZDC energy

Ø ZDC and B0 can be used to construct the 𝜋!

Ø We can remove 𝛾 from the 𝜋! if needed 
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Using B0Using ZDC Using ZDC + B0
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Ø X= All  neutrons created in all process
Ø X= 0, 2 neutrons created in hard collisions
Ø X= 3     neutrons created in the evaporation process

Ø The 𝑝$ of the neutrons in ZDC 

As expected evaporation neutrons are low 𝑝$ particles 
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Ø Correlations of the 𝐸%&' and impact parameter 

Neutrons from all sources can be used for centrality definition 
12
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m1 = -2.37103E-3 +/- 2.48094E-5
m1 = -8.85172E-4 +/- 3.07275E-5

m1 = -7.595E-2 +/- 1.88E-4
m1 = -6.278E-2 +/- 1.60E-4

Ø X= All  neutrons created in all process
Ø X= 0, 2 neutrons created in hard collisions
Ø X= 3     neutrons created in the evaporation process



The ratio of ZDC Energy with a smear of 4% shows no change

𝑅(
𝐸 "

#
$
)

Ø Correlations of the 𝐸%&' and impact parameter 
with 4% energy smearing
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v Conclusions 

ØNeutrons from all sources can be used for centrality definition.

ØAn energy smear of 4% shows no change on the 𝐸%&' and 
impact parameter correlation.

We investigated the ability of the ZDC to be used in the centrality definition. 
In addition, we investigated the ability to use the Forwarded rapidity detector 

to investigate the nuclear shape:



Ø Forwarded rapidity and nuclear shape  

The shape of the nucleus in nuclear physics 
is often modeled through a nucleon density 
profile of the Woods-Saxon 𝜌 𝑟, 𝜃, 𝜙 .

𝑅 𝜃, 𝜙 = 𝑅( 1 + 𝛽)𝑌),((𝜃, 𝜙) + 𝛽+𝑌+,((𝜃, 𝜙) + 𝛽,𝑌,,((𝜃, 𝜙)

Ø𝑌%,! are spherical harmonics 

Ø𝛽%are deformation parameters
ü n=2 -> Quadrupole 
ü n=3 -> Octupole
ü n=4 -> Hexadecapole

15
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and looking at the collective expansion of the produced system responding to the geometry of the overlap. In these
collisions, two Lorentz-contracted nuclei, by a factor of 100 at RHIC and more than a factor of 1000 at the LHC, cross
each other over a time scale ⌧ < 0.1fm/c ≈ 3 × 10−24s, forming a hot and dense quark-gluon plasma (QGP) [8] in the
overlap region, whose initial shape is correlated with the deformed shape of the nuclei. Driven by the large pressure
gradient forces, the QGP expands hydrodynamically, converting the spatial anisotropies into azimuthal anisotropies
of final-state particles in the momentum space [9]. Nuclear shape imaging is possible because each collision probes
simultaneously the entire mass distribution of the nuclei, and one can use particle correlations among thousands of
produced particles to infer the two-point and multi-point correlations of this mass distribution and hence its spatial
shape. Since the time scales involved in these collisions are much shorter (< 10−24s) than the typical timescale of the
rotational bands (10−21s [10]), this raises an important question of whether the manifestation of nuclear deformation
– a collective feature of the nuclear many-body system – is the same across energy scales [11].
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FIG. 1: The cartoon of collision of nuclei with quadrupole (left), octupole (middle) and hexadecapole (right) deformations
including either the Yn,0 mode (top row) or the Yn,n mode (middle row) and with �n = 0.25. The Lorentz contraction in the
z-direction, by factor of 100 at RHIC and more than a factor of 1000 at the LHC, are not shown. The bottom row shows how
the initial condition of the QGP formed after the collision looks like in the transverse plane. The hallow arrows indicate the
direction of maximum pressure gradients along which the medium expand with largest velocity, leading to final state harmonic
flow vn with n-fold symmetry.
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direction of maximum pressure gradients along which the medium expand with largest velocity, leading to final state harmonic
flow vn with n-fold symmetry.
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I. INTRODUCTION

Most of the atomic nuclei in their ground state are deformed from a well defined spherical shape. The deformation
has non-trivial dependence on the proton and neutron number, especially in the vicinity of full shell or subshell,
reflecting collective motion induced by interaction between valence nucleons and shell structure [1]. The collective
motion leads to characteristic rotational spectra of nuclear excited state, where the electric multi-pole transition
probability B(En) between low-lying rotational states with n�h di↵erence in angular momentum can be used to infer
the shape parameters. Past e↵orts have led to the discovery of a rich variety of phenomena, such as quadrupole
deformation, shape evolution, triaxiality/shape coexistence, octupole deformation, hexadecapole deformation and
other exotic shapes [2–6].

No-one has directly observed the deformed nucleus, however. This is because the nucleus is deformed in the so-
called intrinsic (body-fixed) frame, and its wave function in the laboratory frame actually does not pick a particular
direction. The typical scattering experiments probe the nuclear form factors averaged over all orientations, and the
static deformation appears mostly as an increased surface thickness [7]. On the other hand, high-energy heavy ion
collisions at RHIC and the LHC, as illustrated in Fig. 1, can image the shape of the nucleus by colliding them together
and looking at the collective expansion of the produced system responding to the geometry of the overlap. In these
collisions, two Lorentz-contracted nuclei, by a factor of 100 at RHIC and more than a factor of 1000 at the LHC, cross
each other over a time scale ⌧ < 0.1fm/c ≈ 3 × 10−24s, forming a hot and dense quark-gluon plasma (QGP) [8] in the
overlap region, whose initial shape is correlated with the deformed shape of the nuclei. Driven by the large pressure
gradient forces, the QGP expands hydrodynamically, converting the spatial anisotropies into azimuthal anisotropies
of final-state particles in the momentum space [9]. Nuclear shape imaging is possible because each collision probes
simultaneously the entire mass distribution of the nuclei, and one can use particle correlations among thousands of
produced particles to infer the two-point and multi-point correlations of this mass distribution and hence its spatial
shape. Since the time scales involved in these collisions are much shorter (< 10−24s) than the typical timescale of the
rotational bands (10−21s [10]), this raises an important question of whether the manifestation of nuclear deformation
– a collective feature of the nuclear many-body system – is the same across energy scales [11].
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FIG. 1: The cartoon of collision of nuclei with quadrupole (left), octupole (middle) and hexadecapole (right) deformations
including either the Yn,0 mode (top row) or the Yn,n mode (middle row) and with �n = 0.25. The Lorentz contraction in the
z-direction, by factor of 100 at RHIC and more than a factor of 1000 at the LHC, are not shown. The bottom row shows how
the initial condition of the QGP formed after the collision looks like in the transverse plane. The hallow arrows indicate the
direction of maximum pressure gradients along which the medium expand with largest velocity, leading to final state harmonic
flow vn with n-fold symmetry.
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Impact parameter

We will look to

Neutrons in ZDC

Neutrons in B0

Protons in RP

Ø Forwarded rapidity and nuclear shape  

𝛾∗ Direction 

Measurements related to the impact parameter will 
be sensitive to the nuclear shape. 

• Deformed Pb (𝛽, > 0 and 𝛽- > 0) 
is used for this exercise 
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Ø Deformed Pb (𝛽! = 0.28)

Neutrons and Protons from all sources in forward rapidity show sensitivity 
to 𝛽) deformation in centrality > 50%. 

𝑒 + 𝑃𝑏

17

BeAGLE

Neutrons in 
ZDC

Neutrons in 
B0 Protons in RP

𝐶𝑒𝑛𝑡(%) 𝐶𝑒𝑛𝑡(%) 𝐶𝑒𝑛𝑡(%)

𝑒 + 𝑃𝑏
BeAGLE

𝑒 + 𝑃𝑏
BeAGLE

ü The ratio of the undeformed to deformed Pb

𝑒 + 𝑃𝑏
BeAGLE



Neutrons and Protons from all sources in forward rapidity show sensitivity 
to 𝛽, deformation in different centrality selections.

Ø Deformed Pb (𝛽" = 0.093)
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Ø Deformed Pb (𝛽! = 0.28, 𝛽" = 0.093)

Neutrons and Protons from all sources in forward rapidity show sensitivity 
to 𝛽) and 𝛽, deformation in different centrality selections.
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Ø What can we learn about the nuclear shape and structure (α clustering) 

v Ongoing work 
Ø Expand the study into a full simulation study 

ü Can α particles be the building block of some nuclei?
ü No direct experimental evidence has ever been provided.

This a long-standing question that EIC can answer 

The atomic nucleus comprises Z protons and N neutrons,
which are collectively called nucleons. In the α clustering
picture as illustrated in Fig. 1, the α particle (Z=N= 2)

forms a building block, and some nuclei can be composed of α
particles. In such cases, Z=N= 2i holds with i being an integer,
and the mass number A= Z+N becomes equal to 4, 8, 12, ... A
given nucleus is labeled as AX where X denotes the element, e.g.,
8Be for beryllium-8. Fig. 1b–c sketch intuitive pictures for pos-
sible α clustering in 8Be and 12C, respectively, where α particles
are shown by mid-sized circles forming nuclei represented by
green areas. Such natural pictures, collectively called the α cluster
model, have been conceived since the 1930s1–7. It is, however, still
difficult to observe the α clustering experimentally. This is basi-
cally because the nucleus is not at rest (quantum mechanically)
but we need its snapshot (see Fig. 1).

An alternative possibility is theoretical studies: quite a few
studies, for example8–16, were performed based on models or
assumptions including limiting cases like linear chains3,15, equi-
lateral triangles13, and a Bose-Einstein condensate14. More
recently ab initio calculations were reported17–20, where two α
clusters in the ground state of 8Be were suggested17 (see Fig. 1b).
The α clustering is more crucial but less clarified for the 12C
nucleus: this nucleus can be formed by three α particles in con-
figurations, triangular, linear, or other (see Fig. 1c). Its lowest
spin/parity Jπ= 0+ excited state, the infamous Hoyle state21–23, is
a critical gateway in the nucleosynthesis to the present carbon-
abundant world filled with living organisms24,25, but its structure
remains to be clarified.

We show in this work, by state-of-the-art computational
simulations without assuming α clustering a priori, that α clus-
tering indeed occurs for the ground and excited states of 8,10Be
and 12C isotopes, including the Hoyle state, in varying formation
patterns. The simulations are performed by full Configuration-
Interaction (CI) calculations from first principles on a sound
basis, and their validity is further examined for some observables
by comparing with experimental data. The revealed features are
supported by a statistical learning technique26, and present an
unexpected crossover27 between clustering and normal nuclear
matter.

Results
Multi-nucleon structure by CI simulation. The present CI cal-
culation is called the shell-model (SM) calculation in nuclear
physics. Among various types of SM calculations, the one taken in
this work belongs to Monte Carlo Shell Model (MCSM)28–31. The
MCSM has already been applied to various studies on atomic
nuclei (see examples, 32,33). The present MCSM calculation dif-
fers in that all nucleons are activated (i.e., no inert core)34,35,
implying no core-polarization (or in-medium) correction is
needed. The nucleon-nucleon (NN) interaction is fixed on a
fundamental basis prior to this work as described below, so as to
accurately describe free NN scattering36–38. The whole scheme
can then be referred to as the ab initio No-Core MCSM, which is

a state-of-the-art CI calculation for nuclei running on super-
computers such as K39 and Fugaku40.

The NN interaction we use is the JISP16 interaction36 for Be
isotopes and the Daejeon16 interaction37 for C isotopes. The
inter-nucleon potential of the JISP16 interaction was determined
so as to reproduce NN scattering data and deuteron properties. In
addition, the binding energies of light nuclei are used for fine-
tuning. No explicit three-nucleon interactions are included, but
momentum-dependent NN interaction terms produce similar
effects36. The Daejeon16 interaction is a successor of JISP16. It
has been derived from chiral effective field theory up to N3LO
terms38, and also uses a few properties of light nuclei for the fine-
tuning instead of three-nucleon forces37. Both interactions have
been fixed prior to the present simulation and retain their
excellent descriptions of the NN scattering data. For the Be
isotopes, the results of JISP16 interaction are used in this paper,
because of no notable change by Daejeon16.

In the present CI calculations, protons and neutrons are
moving in certain single-particle states, taking various configura-
tions. Their many-body structure is obtained as solutions of the
Schrödinger equation with the aforementioned NN interaction.
These single-particle states are given by eigenstates of the
harmonic-oscillator (HO) potential. We take a sufficiently large
number of such eigenstates so that a good accuracy is achieved:
the HO shells up to the 6th (5ℏω) or 7th shell (6ℏω) for Be and C
isotopes, respectively, with ℏω being the HO quantum. We note
that the present simulation employs cutting-edge supercomput-
ing: if we were to attempt the same calculation with direct matrix
diagonalization, the dimension of the vector space is as large as
1.2 × 1012 for 8Be and 1.9 × 1019 for 12C. The MCSM enables us
to solve the Schrödinger equation to a good approximation34,
without resorting to such formidable calculations. Some of the
ground-state properties obtained by the present calculation are
reported elsewhere35, and we shall here focus on the clustering.

Manifestation of α-clustering and beryllium isotopes. The
aforementioned eigensolutions provide energy eigenvalues and
wave functions. Figure 2 indicates, for 8,10,12Be, the excitation
energies, Ex(Jπ), of the states of Jπ= 2+ or 4+ on top of the
Jπ= 0+ ground state, while other excited states are omitted for
clarity. One sees a good agreement between the present CI
simulation and experiment. Because this simulation is a first-
principles calculation with no adjustable parameters, this agree-
ment deserves particular attention. Similar results were obtained
for 8Be by the Green’s Function Monte Carlo (GFMC)
calculation17,18, and for Be isotopes by the no-core CI calculation
with the JISP16 interaction41. The three isotopes in Fig. 2 com-
monly exhibit a pattern Ex(4+)/Ex(2+) ~ 3, as reproduced rather
well by the present work. This is a typical pattern of the rotational
motion of a non-spherical quantum object. A schematic image of
the rotational motion of a di-cluster formation is displayed in
Fig. 1b.
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Fig. 1 Schematic illustrations of α clustering in atomic nuclei. a 4He=α particle, b 8Be, and c 12C (three possible cases, i, ii, and iii). The green areas
represent atomic nuclei allowing some movements of α clusters.
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Ø We are putting additional efforts into the simulation in this avenue 
ü Using forwarded physics (ZDC, B0, and RP)
ü Using midrapidity physics
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v Conclusions 

ØNeutrons from all sources can be used for centrality definition. 

ØThe Forwarded rapidity detectors are sensitive to nuclear deformation. 

We investigated the ability of the ZDC to be used in the centrality definition. 
In addition, we investigated the ability to use the Forwarded rapidity detector 

to investigate the nuclear shape:
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ØOngoing work to understand:
ü Nuclear shape (deformation)
ü Nuclear structure (α clustering)


