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Abstract

J-PARC Heavy-lon project (J-PARC-HI) aims to create
the densest matter in the universe through high-energy
nucleus-nucleus collisions, which is considered to exist
in the core of a neutron star. We aim at unveiling the
phase transition from hadron to quark matter, and the
properties of the matter such as the equation of state.
We describe the overview of the project, and the status
of the accelerator and experimental design.

1. Introduction

The nucleus in the center of an atom consists of a
nucleon (a proton or a neutron) bound with the strong
interaction. Its density is huge at 2 trillion kg/cm® Is
there any matter whose density is higher than that?
A neutron star, which is born at the end of large star’
s lifetime, is a huge nucleus with the radius of ~10 km.
Its central density is 5-7 times as high as the nuclear
density, namely, 10 trillion kg/cm®, which is considered
to be the densest matter in the universe. A neutron
star merger, which was recently discovered in the
gravity wave observation, is a strong candidate for the
generation of heavy elements. In the core of a neutron
star, other than light up (u-) and down (d-) quarks which
compose nucleons, many strange (s-) quarks should
exist. Since quarks or nucleons have spin 1/2, the same
particle species cannot share the space due to the Pauli
blocking. However, including different particle species
with s-quarks (hyperons) reduces the total energy of the
matter, which makes the matter stable. Whether the
constituent of the matter is a hadron or a quark, and
the equation of state of the matter which determines
the relation between the radius and the mass of
neutron stars, remains a puzzle.

Currently, the high-energy nucleus-nucleus collision
is believed to be the only method to artificially create
such matter. J-PARC-HI is the project to create the
nuclear matter with the density 5~7 times as high
as the nuclear density, in high-energy heavy-ion



0o Nt 2O FEFFHCTE 470 10 GeV D
EETOEA T V2 ME L, FEFREENICRE L CETF
- B REEE R L. KON 7T HEo-BEHEY
B A 3 EE T (1] LHC % RHIC 1281 % 8%
IAVFE - RERIC BT, BRIk
FTLEWETA, L LKW JPARC O A )V F—Tlid
B HRIZIEF D EfE S N D 720, BEEEOWEN
R ENE T, HETIIETETOL L OB L
WANIN RO UAEREINE TN, ZOBRCHETRL
WELNEG)72DICT 7 — T WENOHER I - T
WATTREMA S ) 3, 20 & 5 Lk ofE(E1),
ROz~ zazfg (REHFEX, KES) ofHz

792 &, MHTENITICHEET 28R T - B0
K, T+ — 7 OBEEIRE (17— BEE) OBFER
%475 2 L A3 J-PARC-HI o ffidy T3,

COX) BEBEEIIBW IRV AEH 0% —FH
(BT B QCD) 25 15T 2 HWimeT A IEHEETH D |
FROEEEDEIZ OV TOHGERIZIA TS T,
Bto TS EWE OIS IZEBRMES TE S 5 2 LA
T&51=—7 38T,

LHC/
RHIC

AN =M,

@ Hadronic

Phase

1. sRWAE AR oM

Figure 1. The phase diagram of the strong interaction
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collisions by accelerating heavy-ion beams to 10 GeV/
nucleon using the existing J-PARC synchrotrons,
irradiating them on nuclear targets [1]. In very high-
energy collisions at LHC and RHIC, nuclei pass through
each other, whereas at J-PARC energy, they are
compressed and thereby the dense matter is created.
In such a collision, nucleons are destroyed in pieces and
converted to other hadrons. In that process, possibly
a phase transition to a new state of matter consisting

and

of quarks (quark matter) could occur. The mission of
J-PARC-HI is to clarify such phase structures (Figure 1),
unveil its macroscopic properties such as the equation
of state and viscosity, and search for novel particles
and nuclei in neutron stars and the superconducting
state called the color superconducting phase. However,
there is difficulty in theoretical calculations at such
high density from the first principle (Quantum Chromo
Dynamics), this research field is unique in that
experimental studies can take the lead .
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2. Accelerator and experimental plans

In order to accelerate heavy-ions at J-PARC, we need
to build a heavy-ion injector consisting of a linac and a
booster ring (Figure 2). The beam from the injector is
accelerated with the existing Rapid-Cycling Synchrotron
(RCS) and Main Ring Synchrotron (MR) to 10 GeV/
nucleon. J-PARC-HI aims to be an intensity-frontier heavy-
ion accelerator with the world's highest intensity of 10"
/pulse (=2 sec) with RCS and MR which can accelerate
proton beams of 10%/pulse.

The beam from MR is transported to the proton
beam line and the experiment is performed at a large
acceptance magnetic spectrometer [2] in Hadron
Experimental Facility. We measure production of
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correlations of various observables such as hadrons,
leptons, and photons to explore the phase structures,
elucidate properties of the matter such as the equation
of state, and search for color superconducting phase
and new particles and nuclei, with unprecedented high

statistics.
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Figure 2. The heavy-ion acceleration scheme for J-PARC-HL
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3. Summary and perspectives

J-PARC-HI aims at creating the densest matter in
the universe and exploring its properties and phase
structures. We are developing detailed accelerator
and experimental plans to start the experiment as
early as possible. We are doing R&D for such as
a superconducting cavity for the linac, and a high-
resolution time-of-flight counter. We submitted the
Letter-of-Intent in June 2016, and the first experimental
proposal in July 2021 [3]. J-PARC-HI was also adopted
in Japanese Master Plan of Large Research Projects in
2020 by Science Council of Japan.
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