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Presentation Outline r@

A physics/history of high energy nuclear collisions
0 theo. predictions, fixed target exp., nuclear colliders

A deconfined quark matter surely in our hand
A remaining mystery: hadronic mass

A ongoing/planned approaches
d muon measurements at very high energy
d chiral mass degeneracy via chiral (M) mixing
d quark and gluon contributions

A summary and concluding remarks
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Birth of High Energy Nuclear Phy

A quark model

0 M. GeliMann, G. Zweig (1964)
A Quantum ChromaeDynamics (QCD)

d G. 't Hooft, D. Gross, Rolitzer, F.Wilczek (1971873)
A QCD phase diagram s neean & weiead warres.
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Little Bang (Microscopic Big Bang) \

&

time
A

e L=
CMB: o el hadronization:
380 k yr. SRy
QGP:1il0e s ec 1o QGP: 10%* sec

- ﬁ:‘

* - ¥

Big Bang Little Bang

(relativistic heavy ion collision)

5.36 TeV per nucleon paix 208 ~ 1 PeVin ~100 fm?3
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Unigueness of QCD Phase Trans

~

A

only possible boundary to experimentally. cross

0 to prove (or disprove) paradigm of universe evolution
0 lost phase within experimental reach

A not just to catch residue

0.1TeV —

Phase transitions in the early universe

10"9GeV -
1016GeV -
u

[ Inflation
Latent heat in 15t order
0.1GeV — transition => big-bang

Central dogma of modern physics:
phase transitions are sources of
matter creations

EW phase transition
(baryogenesis if strong 15t order transition)

QCD phase transition

(confinement & actual hadron mass)

Testable unique place Neutrino decoupling

0.1MeV +— Photon reheating
§ ucleon synthesis
0.1keV -+
o
g R binati
1@ ecombinatidy
0.1ev Photon decoupling Present
Time [sec]
0.1meV I I n I I I I I I S
K. Homma, 2008/09 1036 10-34 . 100 1 1010 1020
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Early Attempts to Find Quark Ma
i

Al1lO9708BATIr st r
8 LBLOBEVALAC 2 A Ge\ﬁOAr

0 BNLOAGS 15 A GeV38Sj

0 CERNSPS 200 A Ge\s2Ss

A19900Ss: onsets of di s c o\

& BNLOAGS 11 AGeVI9A u sy 85 GeV
A Au beam with new booster in 1992

& CERNNSPS 158 A Ge\2%8P b 5, A17 GeV
A Pb beam since 1993
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Fixed Target Experiments at CERBPS

A 1580200 A GeV beam (higher than RHIC ring)
A various probes (hadron, electron, muon, photon)
A onsets (or perhaps creation) of deconfined phase

| dimuons
2004
In hadrons NABO
multistrange dielectrons -
2000
i photons
Pb 7 strangelets NA49 hadrons kE\k‘ NA50 ha‘ rone 2
ks Tsuk
1994 — ‘(\EN»
NA44 dimuons
1992 hadrons
s WA94 L Helios-3 WA93
' NA35 NA38 L
NA36
O | [ wass N T Wikan
1986
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A mostly hadron measurements
0 E802/859/866 (high precision spectrometers)

K. Shigaki

H.Sako B8 - y

d E810 (time prOJectlon chamber)
0 E814/877 (long spectrometer)

A possible revisit with present knowledge
d similar energies at FAIR/IPARCHI
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RHIC, The Game Changer

A1l9 7 08

0 LBLOBH
0 BNLOAC
N

& CERN Y
A1990 1 d i
5 BNLSAC ' eV
d CERN 7 GeV
A20000s: di scovery of

d BNLORHIC 100 + 100 A GeV7Au +197Au
A first nuclear collider 200002025
o0 CERNLHC 2.8+ 2.8 ATeV208Pp +208pp
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Strategy Based on SPS/AGS Les

A No single smoking gun® multiple probes

~

A

d initial pQCD mﬁess }:tgjpass througlpartonic phase
A high pyjet, h jo on

A heavy ﬂq,vorgcdwb) oMl

A quarkon’%ﬁﬁ ’) — jF‘M
& partonic p elf

ooooooo

oy arm

A low mass vec‘for mes;T @

A thermal r Shoji Nagamiya
A (partonig colfe%!;!;\(% tmj(“)w)
0 hadronic ﬁihjsefas kinettezoundary conditions
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RHIC Outcome: New State of Me {O

S
A partéiuicthe regulis éogethkes Y0 A'd ea( aﬂﬂggy”é 5oy f
o) constltuen%gua k numﬁ@r Sealing’

6 J/Y suppression . gt
A dense; energy.loss Of (Bven, hea)-¢

3 jet quenching (highpz stigpression) "
6 ou;;dgatlon e> 15 GeV/fm3 - _Strongly coupled

_ dNg/dy > 1100 - ey

A stré upledu.pesfectdluidi Eyj_ :
o Vs =72 ; #  PHENIX Preliminary
rdreay }n’n”almlleleetlve mo on;_ '

hot therm“glly I‘aidlﬁtll : :
o theymal (vigual) photonis CRE
The matter is hot

but regenerate Jiy & .
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T
1 Baryon Density [in units of nuclear matter density]

3 3
-]
i 16.0
4 14.0
N 120
522 10.0
i3 8.0

sy 6.0

« Quark Gluon Plasma

i 4.0
Gl 2.0
D 0.0

F.Karsch,
Lect. Notes Phys. 583, 209 (2002)

—_—
esg/TH 1
¥ [] ' —_—
z ] = i
3 flavour 1
2 flavour 1
T, |

ramv) 5 30 5 4.0
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A chiral symmetry Eeedin ke

M cctor mesan gz?g:“i“g < prE Entropy

Jump
] 20MeY

restoration

d formerly candidate
(unfortunately
non-working) probe

K w

. dEq
d
¢ ¥

Chiralty

Restoration

0f N+, .- Isospin
N i B Fluctuation

— (h9
_,.{IT actar faw:

event-by-svent
WO !

=l

dE; . e UET
0 still remaining e %
Compton Charm
. . Noamma (7> 2GeV) Nopam Enhanrement
A :
physics target itself i Y x 1 EEE
Hadiation from
Hot Gas {initial) —_
. _ dE7 | o UET
8¢ dy 2¢ dy
NEES (o < 1GEV) [io l?:.';’EJL"rmau
| 204 f Y § Typical Level
of Error
] g dET
g¢ dy
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Still Remaining Mystery of Mass rn

At ot al mass = s uwmageg

original cartoon from THatsuda

guar k in
standard 1
guark
matter 5% guark mass 1% guar k mass |

standar dO mod

dar k mat® €r chiral D>symmetry bre
dar k eﬁ@/csﬁ >
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Hadronic Mass Modification Sea

Agol den channel: ddghttp

AObservoani bneite denS|ty

df,win nugptKIKEKR2EZPARAGE
At hough apparent -EL3A/r BAR S G o
d pi n Sn nd&l—llee)l Vi a

4 1<qg>, |
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Normal 40

“. Nucleus

7
counts/[6.7MeV/c“]
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Ano evidence I n high temg
Ol epton measurement technic
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Current Main Stage: CERNHC r@

A Pb+Pbat wor |l d hi g &e=sbi36Tew e

A hottest, largest, longestlived, purestfireball
d energy density ~ 16 GeV/fni (thermalization time ~ 1 fm/ c)
d volume ~ 300 fm?3
d lifetime ~ 10 fm/c
d net quark (baryon) density ~ 0
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Lepton (e k) Pairs throughout His o‘

AVital (rare) pgtodbegees it a
ono f i nal state disturbance

hadrons |* |- (suitable)

e.g.modified low;mMass vector meson

N

Anhovel detectors to overc
de. BHENI X with RICH, hadron

Amy owmr dromgt arget channe
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Data/Cocktail

ALICEpp \s=13TeV @ Dnata ALICE — iycjt:\;um
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Virtue of

A new physics opportunity viamuons at LHC/ALIC '

0 technically forward enoughfor muon measurement
A Interesting low p; region accessible with high total momentum

d not too forwardf or ocent Qﬁ<t|b|<ﬁﬁ)y5|

CLEA Rik‘mtf“‘ L B S S B B B B R Pb-Pb,/snn = 2.76 TeV
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two Interesting regimes of partonic phase
d exploration on QCD phase diagram
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Muon () Forward Tracker (MFT)

A 245<-h<3.6
-z =4600768 mm
A 0.4 m? of MAPS silicon pixel sensors
0 491 M channels

0 27 nmx 29 nm pixel
d 0.35% X, per layer

A 10 sensitive layers
0 5 double sided disks

A precise vertexing capability for forward muons
A Pb-Pb~50 kHz, pp ~200 kHz
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r st half Muon For 2@

Motomi Oya(HU grad. student) Yorito Yamaguchi (HU)

akOegf@ort NALIBCE®RRBWRM
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NEWChi1 r al Doubl

AZ7TT7O0 vt 266782 yk2§5

M. Harada and C. Sasaki, arXiv:1003.0331
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Search via Chiral () Mixing ﬁ

A axial vector meson decaying into dilepton
OJoProbing the QCD phase tr a

di |l epton pr o« | T

A A. Sakal, M. Harada, I ;'!‘ \ QGP ——— |
C. Nonaka, C. Sasaki, 5| !
K. Shigaki, S. Yano

d arXiv:2308.03305 [nuclth]

] 1 I I 1 |
04 06 08 1 1.2 14
M (GeV)

dilepton yields with di
Pb+RBlasynv=2. T&,V cen@db% | it
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Also at Finite Density (Lower En m

Achir-A)l niVxi ng via anomal
dofoward a direct

of chiral -PHARG®O&Eray daemcl ¢ ¢ C
chiraldo mi xi ng

AREj i,m@ubl e€C. KShagaki
OPhys. 1Rel¥55220 25

me as ur emer

wi Chiral Mixing wi Chiral Miging

vil Charal Mixing
10 --- wjfa Chiral Mixing 107 -EH fi - wio Chiral Mixing i S R wio Chiral Mixing
\ P tirgat, 308 CSA &k o, . ol :'. Pt targert. A0% CER at . . L | Pl twrget. 3% TSR ol 5
E i \ Al ) cmistig
5 107 x &= L1 [de¥] B g7 1\ ; "'J-_":""" B qp 1 "_.-.I': ]
‘g 1"-\._ Lf < p < 08 |GV % - 00 < p < 0E[ Y] % 20 < p < 0.7 Kk
* "
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! \HH 10t o 10t
e, "'\-_H
.

1074 104 104
225 g5 g5
32.0 5204 5204
o 1.5 o 131 o L3
Z LO—" 2 1.0+— e 10— ’ —
= 0.5 = 0.5 = 0.5

1] - d i d . - d

0.0 1.0 1.5 2.0 oo 1.0} 1.5 2.0 0.0 1.0 1.5 2.0
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expected invariant mass spectrum in 9ptirpa|ly§ele9ted momentum ranges,
V-A mixing strength 0.13 / ¢30.23 /¢31.03 /(3
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ear and @

A electron beam as world premiere microscope

A 3-dimensional internal structure and emergence
d especially hadronic mass and spin

Transverse Momentu
Distribution(TMD)

'~

Generalized Brton *
Distribution (GPD)

ePICexperi ment at El ectr o]
d top priority project of US nuclear physics
d Japan engaged currently with 12 institutes

>
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Pincer Attack by HIC andIC rn

Achiral Sym. breakl ng —
l ow mass VvegsHdr nm"aesssonsp(ectr
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