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Current Hadron Experimental Facility at J-PARC
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Origin and Matter Evolution in the Universe

Matter/Anti-matter Sym. Breaking High Density Matter: NS
* Beyond SM in Flavor Physics * Strangeness Nuclear Physics

Formation of Hadrons

* Spectroscopy of Hadrons Hyperon Matter?
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Quark (Gluon) hadron Nucleus Neutron Star : 00000
?
10-15 m 1014 m 10* m Quark Matter:

2x10%8 t/cc ~20x10*8 t/cC 6

Big Bang




' Propertleé of strbngly mteractl-ng atter'? -
Formation of hadronic matter?

Underlying symmetries

Degrees of freedom: from quarks/gluons to baryons/mesons?

Origin of mass?
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~ Propertles of strongly mterach@

" Formation of hadronl w

Underlying

Degrees eedom: from quarks/gluons to baryons/mesons?

Origin of mass?




Flavor Physics: New Physics Search at KOTO Step-2 :

Is there new physics beyond the Standard Model?

0 0., * Directly break CP symmetry
: —
Rare kaon decay' KL Vv * Suppressed in the SM = Branching ratio ~ 3x101!

One of the best probes for new physics search « Small theoretical uncertainties (~2%)

Experimental area

- —_saaee /8 s
" MOV step-2
— (35 Iz o s Vv

FHE R

——— 1 st collimator

T2 targe
2 target New physics search with

. -\\
Sciolimater Extraction angle: o o
world’s highest sensitivity

[10~11]

Another magnet at most downstream 16 d eg >5 deg :
S Intense neutral kaon beam @KL2 (~x2.6) more than 100 times
< ~40 evts @SM
1 ® Discover the
S 3y oy iy K? - n%v¥ signal with 56
g ex [ o Im A ® Measure the branching
ratio with 30% accuracy

‘('ivm'ml NP x i \

Indicate new physics, if
deviation form the SM > 40%

15m 20m
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B(K™ - xwp) [107Y] Ultra-high sensitivity detector (~x70)




l-e conversion @ COMET

* Phase-ll
56 kW
* sensitivity <1016
e around FY2030~

* Phase-l
e 3.2 kW bunched SX beam x 150 days
* sensitivity <101 (better than x100)
* Ready in FY2023

10




New physics beyond SM in Rare Process

Theoretically Clean, Experimentally Tough

In Different Flavors
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How does QCD build hadrons?

High E Low E
' non-perturbative

at Aqcp Nature 557

Meson Cloud
l 396 (2018)

50 I ‘ C
: I Constituent”
Instanton % I Quark (CQ)

(LQCD demo.
by D. Leinweber)

: /° Non-trivial vacuum. Eff. DoF dynamically emerge:
W, . Spon’Faneous Breaking “Massive” CQ
of Chiral Symmetry '
: NG bosons (pion, ...)
/° Confinement

Dynamics of CQ reflects
_poetiiinem the nature of QCD in Low E

Q-Diquark Pot.
in LQCD cal. 12

* /Short-range OGE

r[fm]



High E

Spectroscopy of Hadrons

%0

.') How are they excited?

a, = © \ .
Low E
at AQCD

How do they change
properties in medium?

e How does QCD form hadrons?

Mechanism of dynamical mass generation
Dynamics of effective DoF in Hadrons
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Meson in Nuclear Medium
Spectral changes of vector mesons in nuclei

¢ pA - pX,wX,pX - eTe X(J PARCE16)

Vector Mesons in Nucleus

curve: Lee’s prediction
(PRC57(1998)927, up to 1 GeV/c)
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e*e” invariant mass [GeV/c?]

momentum [GeV/c]

 establish the spectral change of ¢ meson
(55),, dispersion relation

Run0d (Commissioning Run)
will start soon toward Runl. 14
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Meson in Nuclear Medium

nectral chanse of vector mesons in n
Consistency with QCD sum rules and lattice calculations?
1.02

1.01 | S Consistency would get ?Mmass (1020)
Experiment

much worse if the @ 25 am-35 Mev
1 | meson mass shift js  pected
about -100 MeV!!

028 1 : | }__ o _Z'.ff."”
0.9 | |
Experiment
D |

's prediction
0.¢ Big puzzle!!

0.99 |

Lattice QCD

|

327, up to 1 GeV/c)

0.95 |

1 15 2 25 3
aaaium [GeV/c]

\

Theoretical analysis is being progress...
0.94 . - .

S 75 10() 1j5 15(, 75 o0 | Gubler and Ohtani
O [MeV] PRD90, 094002(2014) ¢ meson

mg<N SS N> OgN ™~ 160 = 50 MeV
i ‘.‘.;

\@" - ) Run0d (Commissioning Run)
|}

will start soon toward Runl. 1s




Meson in Nuclear Medium -- Related Programs
. pA N ¢X : Preliminary wiFSl
> KYK™X T

(J-PARC E88)
— High Statistics o

— — — — ———— PRC 106 025201

| T[ig [ (d) CNM + 1% IC

f
pA = J/YX Backward J /Y prod. ~y i poone
(J-PARC P91) R e

— Intrinsic Charm (IC) <= "1 pses (8bo cev
NA50 (4p0 GeV)

in a Nucleon NODIL [ aso (eho oo }Z
d 0.8 + NA3 (209 GeV) —
luudcc)

- NABO (18 GeV)
-— — _— — -_I_-.I_-.I_i L 1 1 | 1 L L
0.0 0.5 1.0

It may occur at the surface: 0,C~A2/ 3 Xp




Spectroscopy of Ba ryons
to reveal dynamics of Constituent Quarks

H=K+Vr 4 ycoul 4 yss L yis ...

v q \/v
° Diquarks (DQS) “short-range” int. G
— Color Magnetic Interaction (OGE) /\
* Origin of the SS and LS forces is an open question 9
i.e. Instanton Induced Interaction (//l, KMT int.) ’ .
“« ” . . L \ / j
— may form “BE condensate” in high-density matter o, — .,
geseee - 0
: /
 Hadronic Molecule 9660606 Ual) anomaly

— Behavior of QCD in a long-range region
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Spectroscopy of Baryons at p20/K10

Charm and Multi-strange Baryons

> Disentangle motions of a quark pair (diquark) by introducing different flavors

Flavor dependence to be studied

. Flavor symmetric
pion cloud No diquark corr.?
No pion cloud?
G.S. qgs diquark corr.

= 0

N A,

T. Yoshida, E. Hiyama, A. Hosaka, M. Oka, K. Sadato, Phys. Rev. D92 (2015) 114029




Production and Decay of Charmed Baryons (E50)

Reaction Diagram — —

7 d T ot Measure D*- and
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‘ PTEP, 103D01 [20TZ) ﬁ ‘) Y P Measure Decay particles , too

PTEP 053D01(2020)
Simulation (100 days) A-mode excitation Decay pattern Of ﬂ mOde

Ground state HQ doublet| |HQ doublet Decay pattern
- - - of p -mode

Entry/ 0.005GeV/c?

T e 26 27 28 o
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Production and Decay of Multi-strange Baryons (E97/P85)
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Charm Baryon Spectroscopy at High-p (720)

Diquark [qq]: an effective degree of freedom to describe hadrons
* [qq] would be singled out by Introducing a Heavy Quark
* Characteristic level structure, production rate, and decay branching ratio

* 120 Beam Line:
— 1.0 x 107 pions/sec @ 20GeV/c

Tl )

o

17 =
R

Resistive Plate
\ chamibert i

= . b T ”/'/‘E
Gy
£ ,‘
& N

Charm Baryon
Spectrometer
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Spectroscopy of Baryons at 120

D,, Dibaryon and P.-analog N~ state

« ppom DI « T p - ¢n > KTK n(P95)

> n-n- 't 2He (E79) — N*(2050) coupled to ¢n? L muceon 0

P =3.35 GeVie im. | N*(2050)

Counts/0.01 GeV

Sang-Ho Kim,
private comm.
225 23 235 245

e n i

A

" ._
3
missing mass M, (GeV) for pp=nn X Prab [GeV]

LHCb collab.
PRL 122, 222001(2019) 22

WASA-at-COSY collab.
PRL 106, 242304(2011)



Spectroscopy of Baryons at w20
Baryon Structure in an Exclusive Drell-Yan Process

K ID detectors

c TTponutuT

LH, target

T. Sawada et al.,
PRD 93, 114034 (2016)
(Lol: KEK/J-PARC- 2019-7)

Absorber
RICH

T~

T beam at 10 GeV/c 15 GeV/c 20 GeV/c

— Total P =10 GeV — Total P =15 GeV

---- Exclusive DY ---- Exclusive DY ---- Exclusive DY

.. Inclusive DY we INnclusive DY we INclusive DY
Jiy Jiy Jhy

—— Random BG —— Random BG e —— Random BG

xclusive
Drell-Yan

— Total P =20 GeV

Inclusive

Drell-Yan

Events (/0.03 GeV)
Events (/0.03 GeV)
Events (/0.03 GeV)

M, (GeV)
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Stability of Neutron Stars w/ m
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AP3
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Astr. Jour. Lett. 934, L17(2022)
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Astr. Jour. Lett. 915, L15(2021)

Jowineq ‘A sswer
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Science 380, 1233232(2013)

PSR J1614-2230, (1.97 + 0.04) M
Nature 467, 1081(2010)

)
(7))
£
| -
L
o
wn
Q
<
)
G
@]
x
C
-}
C
N
%)
(%)
©

EoS dependence

(2T02)S81 “T9 '19S "Med |onNN AdY ‘uuy

N ° of GW (theory)
* X107 \ QHC19-soft te-22 QHC19-stiff 53 Togashi EOS
Negli\ Ui ‘ £ ‘”“{‘H“”‘ T T \
;."?”1 Y | ' ‘WWH p—" ‘“!ﬁ,ﬂ.ﬂfﬁw.m “"““"’”“”M'f\wmwm«”w*“f
\ &, -

N
T
>
o3
5]
%2
o
{381
=
w

PRL129 1811001(2022) ;



M
n

MPA1
;’-‘\PS
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(1) Hyperon-hyperon repulsion (2) Hyperonic three-body forces
(RMF theory) (Microscopic theory)

he solar mass)

‘ONN "A3Y "Uuy

(3) Quark phase transition
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BHBA®
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12 14
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~12-13 km

(PRC 96 (2017) 045806) (PRL 114 (2015) 092301) (PRD 104 (2021) 063036)




Composition of Cold NS matter, Mass vs central density and Radius

J. R. Stone et al., MNRAS 502, 3476(2021)

QMC-A

npyY

— QMC-A np¥
— CMF np¥
— DD2Y-T np¥
—— QMC-A np
—— CMF np

—— D2 np
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HypernUCIGar phySiCS Based on Miwa’s slide

Baryon-Baryon interaction Study of light A, E hypernuclei Spectroscopy of heavy hypernuclei

= hypernuclei  Nuclear char in S=-2 sector
N

ISEC
P '
MEB]
10BaftiBe[l2Be!
VTH
oo h
C Simulation A
i = 5000
Nuclear char in S=-1 sector > S0 208pp g 9IA
5] o -
S.H 0| (EKD(EEKDT = 4o00[-  AE=04MeV
14, 15, [16, K+ Ao N
A N[N [6N [ (7, KT) 5 f/\
nic[meme|  [ec) ~ 3000
[ §2)
Meuteron L B | 19,8 |1,B |12,B | 3,B |4,B g

Be|s,Be (B 2000 [~

Be |4\Be [9;Be [19,Be[l1,Be2,Be [31Be|

B i b S Neutron star
A V[T (8,1 [9ALd [ro,Li [11Li 1000
i 2 — ,
Two-body YN int. :
=30 20 -15 -10 -5
-B, (MeV)

AN-2N coupling, ANN int., AA, =N int.
<€ >

Density dependent AN int., ANN int.




H dibaryon Precision Spectroscopy Superprecision spectroscopy 25

n.p OfS=2Hypernuclei of S=-1 Hypernuclei
= 35 C Simulation
E-z» 2 MeV ~ 5000~ 208phy HIHR S
S 2 e ) n
o FVHM %.-,'xf?ef-"" = 4000 AE =04 MeV
Q¥ T f
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I ~ 3000 - ;
' N S oo d Repulsive BF
3 2000 - A
Oy A ‘ Extended HEF (3™ .

%30 -25 -20 -15 -10 -5

-B, (MeV)
AN
L N
Ap Scattering

Fiber track

Forward calorimeter

Femtoscopy@ALICE < YN scat.@J-PARC



World—Wide Network of Subatomic Physics 10

p/d/HI beams HPC |a,

==ux []\R /%&

Aﬁ .clrgtggon Lab

e/y/K, beams
s/c-hadron

First Pr|nC|pIe Calc S k

ALICE
pA/AA coll.
part. corr.

H [
TRCH

pp coll.
¢/b-hadron n/K beams
(panda BGS]H > \ & s/c-hadron ~ /
pbar beam ete- coll. EAPS 4l e+e- coll ’
s/c-hadron e+e- coll. s/c-hadron '

Low-E Kaons s/c/b-hadron
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