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

 Hadrons: complex system of quarks (and gluons)
* How are hadrons formed from quarks?

— yet unanswered question

— behavior of the Strong Interaction (QCD) Hyperon Matter?

.-
e
-

‘

e

Quark (Gluon) hadron Nucleus Neutron Star

10-15 m 1014 m 10* m Quark Matter?
2x10%*8 t/cc ~20x10*8 t/cc a



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. 5

* /Short-range OGE

r[fm]



Spectroscopy of Hadrons

%6

o How are they excited?

/ : | ~
] Ag = 0
High E at Aqep Low E

How do they change
properties in medium?

* How does QCD form hadrons?
 Mechanism of dynamical mass generation
* Dynamics of effective DoF in Hadrons



Recent Hadron Physics Programs at J-PARC

http://j-parc.jp/researcher/Hadron/en/Proposal_e.html

Meson in Nuclear Medium

— Spectral changes of vector mesons in nuclei (E16)

— ¢ —» KTK™ in A (E88), ] /Y prod. off A (Intrinsic charm) (P91)
Exotic systems and Hadron Interactions

— Lambda(1405) (E31) and Kaonic nuclei (E15/E80/E89)

— H Dibaryon (E42), Lambda(1665) (E72), Missing N*/A*/Y* (E45)
Spectroscopy of Baryons

— Charm Baryons (E50)

— Multi-strange Baryons (E97/P85)

— D,y dibaryon (E79) and ™ p — ¢n (P95)

— Exclusive Drell-Yan (Lol)

Strangeness Nuclear Physics = to be covered by the Next Speaker



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

Run0d (Commissioning Run)
will start soon toward Runl. s
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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.




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




Exotic systems and Hadron Interactions

Lambda(1405) and Kaonic Nuclei

A(1405) : 1405.1+13 , ; MeV (PDG in 2022) & Double pole7

JP=3,I=0, Myq405¢ Mybary , lightest in neg. parity baryons

A(L520),3/2-

Sx(1385) 32s, A(1405), 127 — == - .

e — -27 MeV?

$(1192), 1/2+

20 -
1400 T
1380 T 39
1360

A(116), 1/2*

KN molecule?

ChU model, T. Hyodo

> Mass spectrum of Lambda(1405) seems dynamical (reaction-dependent).

= KN scattering data below the KN mass threshold are vital.
11



KN scattering below the KN mass threshold (J-PARC E31)

K- d A(1405)
K — 1_ ’ n - ~0.25 Gev/c @0
_ e & e ok & >
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Best fit KN(I' = 0) scattering amplitude
Tg:O(I_(N — KN)

Resol. Deconv. | | v2/NDF(24)=1.76
Resol. Conv.

N
o
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[ub/MeVsr]
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1400 1450 1500 1350 1400 1450 1500
X mass [MeV/c?] mx mass [MeV/c?]

A pole at (1417.7i$;22i};3) + (—26.1;9;83;3)1' MeV/c?
T =O(RN - RN)| /|14 =0(RN - n%)| = 2.2339+83
A= = (=1.12 + 0.117919) + i(0.84+0.12+9:98) fm &
. Aikawa et al.,

R"=% = (-0.18 £ 0.31%5,0¢) + (0.41 £ 0.13X5705) fm s et B837, 137687(2023)

*best fit value =+ fitting error + systematic error
systematic errors assuming the K'p/K°n mass threshold
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Exotic systems and Hadron Interactions

Lambda(1405) and Kaonic Nuclei
« K73He » n“K pp” — nAp (J-PARC E15)
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T. Yamaga et al., Phys. Rev. C100, 044002(2020)
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Exotic systems and Hadron Interactions

Lambda(1405) and Kaonic Nuclei
« K~*He —» n“K " ppn” —» nAd/nApn (J-PARC E80)
« K73He - n“K™pp” - nT\ﬁ (J-PARC E89 for J)
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Exotic systems and Hadron Interactions

H Dibaryon, Lambda(1665), Missing N*/A*/Y*

__ fkj_‘; Helmholtz magnet e KTC » KTHX » KTAAX
el B=1.0T
( ) (J-PARC E42)

c K™p - A" - An (E72)

» mip - N, KY (E45)




Exotic systems and Hadron Interactions
H Dibaryon, Lambda(1665), Missing N*/A*/Y*

Simulation &

e KC > KTHX - KTAAX
(J-PARC E42)
— Analysis in progress

* K™p -> A" - An (E72)

-400 -300 -200 -100 0 100 200 300

— Determine its Spin/Parity
A W/I=3/2 — Ready for data-taking in 2024
‘ » mip - N, KY (E45)

— Search for Missing N*/ A*/ Y™

obd T — Exp. in preparation
RiAB REEeSNER 5205(2001) >P. Cole, 14:00- 8/Jun@Room 5H 17




Spectroscopy of Ba ryons
to reveal dynamics of Constituent Quarks

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

Y

° Diquarks (DQS) “short-range” int.
— Color Magnetic Interaction (OGE)

* Origin of the SS and LS forces is an open question
i.e. Instanton Induced Interaction (//l, KMT int.)

— may form “BE condensate” in high-density matter

966666
e Hadronic Molecule 966066 Ual1) anomaly

— Behavior of QCD in a long-range region

18



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 — —
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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

| i

Resistive Plate

Chamber(RPC) ~
o - Spectrometer




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) 23

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)

pL
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https://doi.org/10.48550/arXiv.2110.04462
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Summary

* J-PARC Hadron Exp. Facility provides unique opportunities to

attack yet-unanswered questions how matter is created and
evolved in the universe.

e Spectroscopic studies of hadrons are challenging to unveil
behavior of QCD at low energy through investigating the

dynamics of constituents to form hadrons and hadronic
systems.
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