2023FE R

D A—D0)—2I DB

ahm] =

RRRFRFGIRF ROATTAMS
RFERIFRFTRTE 5 —

O

BRAY XFR
RYRURR AYS



11 Science Questions for new

Centurv Formulated by the National Research Council:

Special: New Leaming Series on Genetics, page 70 1. What is dark matter?
Camgheuly ~the Scence of Surprise | ,WWM

2. What is dark energy?

3. How were the heavy elements from Iron to
Uranium made?

4. Do neutrinos have a mass?

5. Where do ultra-high energy particles come
from?

6. Is a new theory of light and matter needed
to explain what happens at very high

energies and temperatures?

eates v,

swered . Are there new states of matter at ultra-high

temperatures and densities?
ySlCS 8. Are protons unstable?

9. What is gravity?

10.Are there additional dimensions?
11.How did the Universe begin?




11 Science Questions for new

Century /. Are there new states of matter at ultra-high
temperatures and densities?

Very early universe (T > 100 MeV, t <10 usec) Neutron stars ( p > 10'° g/cm?)

Quantum
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DA —DMEDER

h 5{ Quark
3 <«— charge
u ) p : Ez%ggfg%@e (g or b ‘i 3 generations: (u,d), (¢,s), (t,b)
4.8M ﬂ (10am % é Electric Charge u= 2/3/ d= '1/3
d y S £ Color charge : N_=3
| down ﬁv | strange -
% / Blue, green, red
Gluons
green
Spin 1

8 colors (8= 3x3 -1 (singlet))

Mediator of strong interaction

green-
green antiblue
gluon

rr rg rb gr go gb br bg bb - (rrt+ggt+bb)



=F®@H%F (QCD)

Quntum Chromodynamcis (QCD)

Quantum chromodynamics is

conceptually simple. Its realization

in nature, however, is usually
very complex. But not always.

Frank Wilczek

http://frankwilczek.com/Wilczek Easy Pieces/298 QCD Made Simple.pdf



http://frankwilczek.com/Wilczek_Easy_Pieces/298_QCD_Made_Simple.pdf

QCD(ItE% : GluonDBECHEER .
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o (Q)

03+
Non-perturbative regime

0.2 +

0.1}

QCD 0g(M,) = 0.1185 + 0.0006

Sept. 2013
T decays (N3LO)
Lattice QCD (NNLO)
DIS jets (NLO)
Heavy Quarkonia (NLO)
e'e jets & shapes (res. NNLO)
Z pole fit (N3LO)
pp —> jets (NLO)
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Strange Quark Star Neutron Star

Surface
e Hydrogen/Helium plasma
® |ron nuclei

=REREQCD (PEF&

NS —BIE

Surface
e Degenerate
electron layer,

Outer Crust
® lons
e Electron gas

Inner Crust
e Heavy ions
| & Relativistic electron gas
| ® Superfluid neutrons
|
|
,’ Outer Core
/ * Neutrons, protons
/ e Electrons, muons

Inner Core

Neutrons

Superconducting protons
Electrons, muons

Hyperons (I, A, Z)

Deltas (A)

Boson (x, K) condensates
Deconfined (u,d,s) quarks/color-
superconducting quark matter

= LAJLF—QCD
TS
I IL—A > EIFNIREE

Core

e Electrons

® u,d,s quarks
(color-superconducting)
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EClCHoIE?

Today - 14 hillion years
Life on earth\ ") »

Acceleration : 11 hillion years
Dark energy dominate! e S g

Solar system forms\ oL,

Star formation peak \&® e 3 hilfion years -
Galaxy formation era\ - :

Earliest visible galaxie - 700 miII'ion years

.

Recombination Atoms form 00@0 yezé

Relic radiation decouples (CMB) TI—A>

Matter domination 5f000 ygars ; EOETNTES

Onset of gravitational collapse

e RFNTES

Nucleosynthesis 3 minutes
Light elements created - D, He, Li

Nuclear fusion begins ———— 0.01 seconds

Quark-hadron transition
Protons and neutrons formed

Electroweak transition — BT (BF)

Electromagnetic and weak nuclear
forces first differentiate

Supersymmetry breaking

Axions etc.?

Grand unification transition 5 . )
Electroweak and strong nuclear  [EENEE NSRS FHEED SHTHI D19

forces differentiate N 2 BE2JKE RE (FEELD S5H1376F)

e

Quantum gravity wall
Spacetime description breaks down
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KE - Ty IAT VEILHZEFT (BNL) AA R - BRINERRFEIAFEERE (CERN)
RHIC /N3%2: (2000-), A& 3.8 km LHC /N3ESS (2009-), A& 27 km
Vsnn = 200 GeV Au+Au Vsny = 2.76, 5.5 TeV Pb-Pb
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Ultra-Cold Quark-Gluon
Atoms Helium Water Plasma
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String Theory Limit
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Very early universe (T > 100 MeV, t <10 psec)

Neutron stars ( p > 10> g/cm?)

Quantum
Fluctuations

. &

Radius of the Visible Universe

DA—=DDIN—A>TSZXAIDHAFK (RHIC/LHC)
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RHIC and LHC energy — High temperature

J-PARC energy — High density

RHIC, LHC AGS

<1 &

Very Hot Region Dense (and Hot)

I Region
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Condensate

4 I<aq>p.T|
vacuum —

P

Temperature
Density

T. Hatsuda and T. Kunihiro, Phys. Rev. Lett. 55 (1985) 158.
W. Weise, Nucl. Phys. A443 (1993) 59c.
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J-PARCIRILF—TODEALA A HEHZE

300

| JAM2 Pb+Pb Ej;p = 11A GeV 0<b<3.4ffl , o °,
o

Elab = 11A GeV

o 250

%g 200
8

150

T (MeV)

100

P8/ Po

J-PARC energy is unique in reaching the maximum baryon density 5-10 p, (>4 p, for NS at 2 M)
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PHYSICAL REVIEW C 98, 024909 (2018)

Dynamically integrated transport approach for heavy-ion collisions at high baryon density

Yukinao Akamatsu,! Masayuki Asakawa,' Tetsufumi Hirano,?> Masakiyo Kitazawa,'> Kenji Morita,*> Koichi Murase,%*
Yasushi Nara,’” Chiho Nonaka,®° and Akira Ohnishi'®
' Department of Physics, Osaka University, Toyonaka, Osaka 560-0043, Japan
2Department of Physics, Sophia University, Tokyo 102-8554, Japan
3J-PARC Branch, KEK Theory Center, Institute of Particle and Nuclear Studies, KEK, 203-1, Shirakata, Tokai, Ibaraki, 319-1106, Japan
“Institute of Theoretical Physics, University of Wroclaw, 50204 Wroctaw, Poland
SiTHES Research Group, RIKEN, Saitama 351-0198, Japan
SDepartment of Physics, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
7 Akita International University, Yuwa, Akita-city 010-1292, Japan
8 Department of Physics, Nagoya University, Nagoya 464-8602, Japan
°Kobayashi Maskawa Institute, Nagoya University, Nagoya 464-8602, Japan
¥Yukawa Institute for Theoretical Physics, Kyoto University, Kyoto 606-8502, Japan

® (Received 30 May 2018; published 14 August 2018)

‘We develop a new dynamical model for high-energy heavy-ion collisions in the beam energy region of the

highest net-baryon densities on the basis of nonequilibrium microscopic transport model JAM and macroscopic .

(3 + 1)-dimensional hydrodynamics by utilizing a dynamical initialization method. In this model, dynamical
fluidization of a system is controlled by the source terms of the hydrodynamic fields. In addition, time-dependent
core-corona separation of hot regions is implemented. We show that our new model describes multiplicities
and mean transverse mass in heavy-ion collisions within a beam-energy region of 3 < ,/syy < 30 GeV. Good
agreement of the beam-energy dependence of the K * /7" ratio is obtained, which is explained by the fact that a
part of the system is not thermalized in our core-corona approach.

DOI: 10.1103/PhysRevC.98.024909

K*/n* and anti-baryon yields were reproduced with 10"%
101

inclusion of fluid component from quark matter

— Suggesting ex

stence of quark matter at J-PARC energy
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HzRaH ?
Enhanced production of dielectrons in pseudo-gap (precursor) of CSC

T. Nishimura, M. Kitazawa, T—= 90 [MeV] b= 350 [MEV}

T. Kunihiro,

q1 = (g1, w1)

Xiv:2201.01963
arx1v {1 (G( 0. QGE o= =78 [IVIEVD

wm= = fluc (Ge =0.7Gs, T, = 43 [MeV])

hadrons R 0 25 50 75 100 125 150 175
density M [MeV]

+ -
ecce - 104 mem fluc (Go =0.5Gs, T, = 14 [MeV])

‘:lr' free

E -

| _-""\
® . g
3 . - © ,C_':]‘ 0-9Gs |

. . $
s " I precursor = Lo
g_ _Time evolution , of CSC TE 2sc
m "@ 400
) @
"E -
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(o he BEC of (ud)diquerks.
i tlie BEC o {(ua)ailiaie Enhanced production of charmed baryons in CSC

25C: A (c[u,dD>E *(c [u,s])
uSC: A (c[u,dD)~E *(c [u,s]) >EL (c [d,s])

condensate dSC: A ~E0>E *
Gunji & Hatsuda (2021)

cf. Lee+, PRL 100 (2008)
T
Enhancement of A/D at high T &
—— m,, = 0.455 GeV | i
| - 2SC uSC dSC CFL
\ A (c[u,d]D., E_.(c[u/d,s])

2SC

C

— m, = 0.6 GeV

| [ud]_ .
1 — —- no diquark correlation

dSC

CFL
FEL uSC
"uB

Phys. Rev. Lett.100.222301 T [GeV]



J-PARCTODEA A > RER

New spectrometer for 10 MHz high rate

Focuses on CSC search
Dielectrons from CSC
Charm mesons and baryons

(fluctuations, bulk, strangeness)

Above measurements are difficult at CBM.
J-PARC-HI will be unique for these
measurements!!

Simulation studies ongoing to fix detector designs

ALICE 3 like compact Solenoid and dipole detectors
LHC-ALICE3 (2035-)

Top view
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Electron Ion Collider

« EIC hosted at Brookhaven National Laboratory
* 80% polarized electrons from 5-18 GeV

* 70% polarized protons from 40-275 GeV

* Jons from 40-110 GeV/u

« Polarized light ions 40 -184 GeV (He?)

« 100-1000 x HERA luminosities:10%-10%* cms!
« CMS energies: Vs = 29-140 GeV

« CD1 obtained in July 2021




Electron Ion Collider 34

map the transition from non-perturbative to perturbative regime
nucleons
Non-perturbative e | |
Regime e Perturbative
5 Regime
Transition
Region
EIC
RHIC
b G e — =

I HERMES, COMPASS, JLAB 6 and 12

} ! — [ >
10- 1 10 102 103 104[GeV
“olor Confinement Asymptotic freedon Q? (6eV?)

— > Probing
200 MeV (1 fm) 2 GeV (1/10) fm) momentum

t .

) & & IS

| v v g

nucleon

Covering wide Q% range — probing various degree of freedom
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energy momentum

stress



Eh, 8, AE>

THRIVF—EBET>VILHS

EFREDESE. AE>. ENRED=RaRHEBD

r?p(r) (<1072 GeV fmr1)

15 Burkert+, Nature 557, 396 (2018)
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Chiral

lReIatiw'stic Motion | Symmetry ZZ:Z::;ZMS
Breaking
M —_— E —|— E —I— X —I— T X. Ji, PRL 74 1071 (1995)
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Quark Energy | | Gluon Energy | | Quark Mass | | Trace Anomaly
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QCD in nuclei

Gluon saturation at small-x

Color transparency, color propagation, medium effects, and hadronization c

Q?%(GeV?)

Resolution
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https://arxiv.org/pdf/1212.1701.pdf

ePICEER (2032-)

|
hadronic calorimeters \
|

solenoid coils
1

ToF, DIRC,
RICH detectors

MPG trackers

MAPS tracker

fl
f

Tracking:

PID:

New 1.7T solenoid
Si MAPS Tracker
MPGDs (LRWELL/uMegas)

hpDIRC
mRICH/pfRICH

dRICH

AC-LGAD (~30ps TOF)

Calorimetry:

SciGlass/Imaging Barrel EMCal
PbWQ4 EMCal in backward
direction

Finely segmented EMCal +HCal
in forward direction

Outer HCal (sPHENIX re-use)



Strange Quark Star

Core

® Electrons

* u,d,s quarks
(color-superconducting)

Inspiral

— Numerical relativity
W Reconstructed (template)

T T

— Black hole separation
== Black hole relative velocity
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Superconducting protons
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