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Hypernuclear physics
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Progress of theory & experiment of BB int. study

Theoretical progress

Hyperon-Nucleon int. w/ chiral effective field theory
(J. Haidenbauer et al.)
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Experimental progress BB interaction by femtoscopy
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J-PARC E40 : Measurement of do/dC2 of Xp scatterings

Verification of quark Pauli repulsion Constraint for BB int. theories

\ Lattice QCD calculation T Quark Cluster model (FSS, fss2)
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J-PARC E40 experimental setup

Two successive two-body reactions
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>, beam identification

> beam in LH, target is tagged by the magnetic
1 spectrometers
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>, beam identification

> beam in LH, target is tagged by the magnetic

1 spectrometers
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Recoil proton identification
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do/dQ of np scattering from X~ decay

® E40data
: A Reference data
np scattering E40 np scattering from X~ decay ~ PWA (NN-Online)
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The derived do/dQ of np scattering are consistent
with past measurements.



Counts

Kinematical identification of X-p scatterings

$- Check kinetic energy difference between
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do/dQ of the ~-p channels ”’

K. Miwa et al., PRL 128, 072501 (2022)

>-p elastic scattering | K. Miwa et al., PRC 104, 045204 (2021)
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Clear forward peaking angular dependence

Comparison with theories  « fss2, Chiral EFT show a reasonable angular dependence.
* Nijmegen ESC models clearly underestimate the forward angle.

These channels CAN be understood within extended SU(3) flavor symmetry based on NN interaction.



T. Nanamura et al., arXiv:2203.08393
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E40 data : much smaller than fss2 prediction and E289 results

Comparison with theories

fss2, FSS (quark model) are too large compared to data
» Chiral EFT's momentum dependence does not match with data

* Nijmegen (ESC) models are rather consistent.
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P h ase S h |ft a n a IyS | S T. Nanamura et al., arXiv:2203.08393

Talk in June 30th

strangeness BB channel (I) 'Even or 30dd 3Even or 'Odd Phase shift analysis for Z+p do/dQ
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Derived phase shift suggest that the 3S, interaction is moderately repulsive.



Comparison with HAL QCD

Our phase shift values are consistent with HAL QCD’s prediction.
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New Xp scattering data and progress of Chiral EFT

: : Difficulty at higher
Development of Chiral EFT at NNLO have got started with E40 data
momentum
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K. Miwa et al., K. Miwa et al., TN ¢ al.. PTEP 2092 093001
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arXiv:2301.00722

But, the interactions are not uniquely determined yet.
We need more data from additional channels (Ap, ...) and additional differential observables (polarizations, ...)

— Future Ap scattering experiment w/ polarized A in the extension project.
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Toward Ap scattering

Reliable AN two-body interaction :
key to deepen A hypernuclear physics A hypernuclei
key to reveal ANN int.

Femtoscopy from HIC
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ALICE Collaboration, arXiv:2104.04427 J. Rowley et al. (CLAS), Phys. Rev. Lett. 127 (2021) 272303
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Ap scattering experiment with polarized A beam

A beam identification J-PARC P86 (J-PARC EX project)
at K1.1 beam line

Tagged by np = KOA reaction at p=1.05 GeV/c
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Ap scattering experiment with polarized A beam

High spin polarization of A Analyzing power
Left/Right asymmetry of Ap scattering
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do/dQ and Spin observables in Ap scattering

J-PARC P86 (J-PARC EX project) at K1.1 beam line

Differential cross section
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Simulated results w/ 108 A

These new scattering data become essential constraint to determine spin-dependent AN interaction
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Hype rtriton pUZZIG Heavy ion experimental results settle down ? 2

Theoretical predictions Theoretical predictions
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B, measurement Lifetime measurement by direct time measurement
« MAMI : decay pion spectroscopy « ELPH : 3He(y, K*) reaction
« JLab : 3He (e, €’K*) missing mass spectroscopy « J-PARC E73 : 3He (K-, n%) reaction

* J-PARC EO7 : hyperfragment at K- interaction on emulsion
- Nakagawa's talk
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E73 is ready for data taking of ,H run

3,H production was confirmed

. . = [ 1
L_|fet|me measurement by direct - from the decay ©-’s momentum
time measurement between ~114 MeV/c
L] * .
production and decay 3He s H Y 273kW™Day executed in May, 2021
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Hyperfragment at K- interaction on emulsion

Succeeded in finding hypertriton w/ Machine Learning in
the EO7 nuclear emulsion (RIKEN, Gifu Univ. + a)
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T. R. Saito et al., Nature Review Physics 3, 803 (2021)

4,H and 3,H can be separated clearly
from the s range information

o
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-
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B, measurements of 4,H and 3,H are ongoing
- Nakagawa’s talk in detalil
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H dibaryon (SU(3) flavor singlet hexaquark state)

.
Theoretical progress on S=-2 syste -] S
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Progress on analysis of HypTPC

Development of track finding algorithm using Hough transformation
i Hough Space in YZ (6. 1) - .I
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Observation of an exotic hadron bound system including K- meson

Strong attractive interaction between Kbar and N - Exotic hadronic system with Kbar meson
New development of detailed systematic investigation of novel nuclei containing K-mesons

4 N\ « Mass dependence of Kbar-nucleon system from K-p to K-ppnn
« Aiming to clarify the origin of QCD mass and the mysteries of
w “ high-density nuclear matter by measuring changes in the
properties of K-mesons in nuclear matter.
Kp Kpp K'ppn K'ppnn
k j 00— 7 1 71
i 0.3 <q, <0.6 GeV/c
E15 at K1.8BR @80_ mg + 2my, ]
Clear observation of N |
K-pp system = ol P\« KNN — Ap 1
= E
c .
~ KNN3 .
§<40— g - The peak position is below the Mgy
% : } =>» We interpreted it as KNN signal.
=20/ m | -
I BE =42 £ 3 (stat.) 3 (syst.) MeV
0

e T, | I' =100 7 (stat.) +1° (syst.) MeV

2 22 24
my (G@V/Cz) * obtained as peak position & width of simple Breit-Wigner
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Observation of an exotic hadron bound system including K- meson

Strong attractive interaction between Kbar and N - Exotic hadronic system with Kbar meson
New development of detailed systematic investigation of novel nuclei containing K-mesons

;omo_@

USSP SRR K'ppn K'ppnn K-p and K°n mass thresholds

J-PARC E31 @ K1.8BR

» First derivation of S-wave KbarN scattering
amplitude in I=0 channel from 3 X decay modes.

« Mass dependence of Kbar-nucleon system from K-p to K-ppnn

« Aiming to clarify the origin of QCD mass and the mysteries of
high-density nuclear matter by measuring changes in the
properties of K-mesons in nuclear matter.

N
o c

—_
(6]
|

d*o/ dM,sdQ,,
[ub/MeVsr]
o
F..s [arbitrary]

5 |
0 -
E 2 Scattering amplitude of I=0
? ; . --= |maginary
Resonance pole was found at o§ 1 - — real
1417.7+69 *11 4 [-26.1760 *17]i MeV/c? S R N |

S. Aikawa et al., Phys. Lett. B 837 (2023) 137637 1350 1400 1450 1500
. Alkawa et al., Phys. Lett. ( ) 3 Mass [MeV/CZ]
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Observation of an exotic hadron bound system including K- meson

Strong attractive interaction between Kbar and N - Exotic hadronic system with Kbar meson

New development of detailed systematic investigation of novel nuclei containing K-mesons

wﬁ@@

Kppn K'ppnn

« Mass dependence of Kbar-nucleon system from K-p to K-ppnn

« Aiming to clarify the origin of QCD mass and the mysteries of
high-density nuclear matter by measuring changes in the
properties of K-mesons in nuclear matter.

K'p

by T. Hashlmoto @ HYP2022
T T .

o + IM(Kppn)

J-PARC T77 @ K1.8BR

N
o
TTTT

'Pﬁ'@ﬂﬁlﬁﬁ?ﬁ@é}lfy—
| 0.3 <q, < 0.6 GeV/c

w
[4))]
TTTTT

w
o

Invariant mass of Ad system
shows enhancement below

the Kppn threshold.

N
o

Counts / 30 MeV/c?
lallll llllallll LU

= « Experimental measurement of internal quantum numbers
such as spin parity to establish a novel atomic nucleus

m,q (GeV/, p



= hypernuclel

Confirm the attractive =-nuclear potential from observation of = hypernuclei in emulsion

31

= atom

E nucleus
p state

s state @

—lo
&

Energy

distance

<1 MeV Coulomb potential

~6 MeV
Kiso event
|/ '\
Nuclear s state X nuclear potential 10,Be
4 ' . N\ W
Irrawadi event #ONE3
D\ B[ A%
10 um #5 #4 é?e%if‘on
L ! PTEP. 2021, 073D02 )

K. Nakazawa et al.,
PTEP. 2015, 033D02

Measure the mass of = nuclei produced by
absorption of Z- into *N nucleus in emulsion.

Two different energy levels
BE ~1 MeV (p state)
BE ~6 MeV (s state)

Nuclear p state

LETTERS .

|Ibuki event
>,\He \ § 0
26 R PHYSICAL ™. c 5
‘\ : REVIEW AH e
-"l' \

S H. Hayakawa et al.,
PRL, 126, 062501 (2021)



= hypernuclel

Confirm the attractive =-nuclear potential from observation of = hypernuclei in emulsion

Measure the mass of Z nuclei produced by
Energy absorption of Z- into “N nucleus in emulsion.

= atom N
_ C@Tj@ dgance Two different energy levels
E nucleus @ mb potential « BE ~1 MeV (p state)

state
P - BE ~6 MeV (s state)
S state @ -6 MoV Nuclear p state

Kiso event i
- Ibukl event
Nuclear s state X nuclear potential 10,Be °\He A #9
| Tt e s L
( Irrawadi event w #6\‘,#4&#1 w0 T N, A

Observation of deeply bounded = state is big surprise

= atomic X-ray measurement plays essential role in determining
 the probability of arriving at each nuclear state and Hoydkawastal,
« Z=A potential around nuclear surface. o

¥ M. Yoshimoto et al.,
PTEP. 2021, 073D02




peak significance  counts/ keV

counts/ keV

peak significance
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First attempt to measure = Atomic X-ray in EO7

=-Ag/Br atomic X rays in emulsion

Triple-coincidence hybrid method
1. = production by spectrometers /
2. E stop ID by emulsion

3. X-ray measurement with Ge detectors Diamond
target
X-ray peaks were not observed due to lower emulsion and "'-— | emulsion
Ge detector efficiencies than expected
Br (8J>71) Ag (9K>8J) Br (7I26H)  Ag (8J>7I) K+ 0 10 20 cm
206 keV 255 keV 316 keV 370 keV
100 150 200 250 300 aso energy [keV] 44 ;
S O Eo— - E— T o 1 o-stop p-stop with Auger electron
T o }IJ\_HL,‘ e [ - "p-stop with Auger clectron” | (Nuclear fragment from =- stop) (Absorption by heavy elements)
T lnt F"]ﬂ' a1 PlJ‘ILn[lnHPLI”Hn”' f | _
0t .
SRS WRUURUUNUINS 0 WUUNDUNN  NUUUUDUNDU U WSS W S— = == :
B T L L Y T T T L A A R LT I L e
Oif\ ._.MAD [\/J\ f\l ~ /\h\ /\ ﬂ[\ [\./\ i r\/\/\ -
100 150 200 250 300 350 E,.. [keV] 400 - = 5 ‘

300 350 energy [keV] 44

(©) "G-StOp without short prong" + -
"p-stop with Auger electron"

Auger electron

0
3=
g =_
2:—--------.-------.......|...........................\..................................................................................J. ........................... ‘ =- "
1: /\, Y & W S I SO R S ......................... 3 . b

I\ A . ‘
?o%_ Al T /\ﬂ /\ WY AA = W, o [keV]’/}mo M. Fujita et al., PTEP 2022 123D01
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- Fe atomic X-ray (EO3)

> = ¢ 1.3 < Missing mass < 11.4 GeV/c?
R % 220 ;— P re | Iml n d ry ‘ @‘ (cut range is not optimized)
o ~ 200 | s » |....]* w/BGO suppression
[\ n=7 4 — [**Mn 126 kev | — o Energy resolution ~ 2 keV (FWHM) for 307 keV
; S 180 = l 77| a Energy calib. accuracy ~ 0.3 keV
© , S 160 — 76: ]
:g n= 14(,;_ o ?Zﬁev ] 172 kev
§ Nuclear absorptlor] - 120 ;— u HPW 6->5:
é’ w/o st. int =) 1005— S S UUH S MMNMHH 284 keV
n=5 IEnergy shift /(& o JW&MJ[’LW‘ | ] JLMWW
\ - : l
\Nuclear absorption S~ 401 ‘
> 20:_ e ;
| (Orbital angular momentum) 0 Eoov w0 b e e e e
50 100 150 200 250 300
. . Energy [keV]
n=7—6 : X-ray energy = 172 keV « small shift/width
n=6—5: X-ray energy = “286 keV <« finite shift/width due to =N interaction No clear peak structures
. . are found at present.
expected shift ~ 4keV, width(I') ~ 4keV
é BG level is consistent with our expectation
GOOD!
. PR
X ray yields are found to be smaller than expectation® Future measurement
sapr~ — Good S/N measurement may have advantage w/ E stop identification

than high statistics measurement. using active target
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E70 experiment with S-2S spectrometer

Construction of S-2S has been completed!

Aerogel 12_Be spectroscopy by ?C (K-, K*) reaction
Cherenkov

[Counts / 1.0 MeV]
NI N
S W O W

ro
c

o
h
HIIITTH'II|IIIITTTITTT|HIIITHTIIIIII”TTTT

Water
Cherenkov

h

10

u‘ -

Drift
Chambers

Missing Mass resolution 2 MeV (FWHM)

2 = 55x107* (FWHM)

2023 Spring : Commissioning with beam
K- 2023 Autumn : Physics run

1.8 GeV/c



E70 experiment W|th S- 28 spectrometer

Construction of S-2S has been comp|GESEELIEIZEN =" i ] o

Aerogel
Cherenkov

Water

We thank support by

Cherenkov » J-PARC staff
TOF Rl s + Collaborators
. Active Fiber Target
Drift - for energy loss correction
Chambers H-_hypernucleus &
<> Decay % S
A?p = 5.5x10~* (FWHM) k.9

2023 Spring : Commissioning with beam K'
2023 Autumn : Physics run 1.8 (

36
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12C X-ray measurement with AFT

Construction of S-2S has been completed!

Aerogel

Cherenkov In E03, we found that X ray yields is smaller than expectation.
— Good S/N measurement may have advantage

than high statistics measurement.

=- stop ID w/ Active Fiber Target
95% background reduction! (w/ 70% survival ratio)

We have chance to take X-ray data
in parallel with E70 (E hypernuclear spectroscopy w/ S-2S
physics data-taking

— 8U
E :
% 3 K:\ Stop point
a0l
20:‘ e o0 BGO counter — Beam

ob- Ge crystal H H

T~ AFT
0 10 20cm

Water
Cherenkov

-20 .-_

—40-




Light

hypernuclear systems

The spin, isospin averaged =N interaction was confirmed to be attractive by EO7 experiment.
- Study of spin, isospin dependence of =N interaction is essential

Ven=Vot+o-aVs+T TV +(0-0)(T TV 511

1) spin-isospin independent term

0.1
. . . 0.09};
Li (K-, K*) 7zH is suitable = 00sHAL-QCD
6He : neutron halo nucleus 8007
r— 3 F
2 neutrons are far away from E—+o 005
o 0.04F
E. Hiyama et al., PRC78,054316(2008). e
:\3 0.02- I
© oot ESC_ANFT
@ O—r-'—’—:-r’/qu" P I

Some hints at E75

>
)
2 0.016

¢ w 0.014

Best object to study V, 3 0012
Q %x 0.008
g 0.006

% 0.004
0.002

[1]

0.02¢
= 0.018;

E [MeV]
(Resolution = 0 MeV FWHM)

R e e

ution

6 4 20 2 4 6

. H 9170_181--‘«:".'.'.‘..‘..-w

E [MeV]
(Resolution = 3.5 MeV FWHM)

After E75

2) spin-isospin dependent term
=ZNoo system is important
108 (K_ K+) 10 cLi 08 K_ KO) 10~Be

(MGVJ spln dependence ’?(b
ENoo
0 ________________________
L 9 = _
ool 208 (Goopn EH-——=LA
- o -3.26
=40+ -4.50 1” -
| ~2.70 2 -4.31
-6.0"
E. Hiyama et al.,
T=1 T=0  PRC106,064318(2022).




Contents

* Recent progress of hyperon-nucleon scattering experiment
« Xp scattering experiment at J-PARC

e Current programs at J-PARC
* Few-body strangeness systems
» Exotic systems with strangeness
* Recent S=-2 studies

* Physics programs at extended hadron hall
e Summary
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Hadron Experimental Facility @Xtension (HEF EX) PrOJECt

Expand research programs at the

Present HEF | Extended HEF r
(2009~) Hadron Experimental Facility tO explore >

Origin & Evolution of Matter HIHR“ L
more deeply

COMET

1 production target (T1)
1 secondary-charged beamline (K1.8/K1.SBRM/X

1 neutral beamline (KL) + 1 new production target (T2)
1 primary beamline (High-p) <+ 4 new beamlines (HIHR, K1.1/K1.1BR, KL2, K10)

1 muon beamline (COMET) 4+ 2 updated beamlines (High-p (20), Test-BL)
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Extract density’dependent AN interaction EXx p an d e d Researc h

- Ultra-high-resolution A hypernuclei

HIHR

spectroscopy PrOgra mS .
* intense dispersion matched © beam at the Extended Facilit

- Systematic AN scattering measurement

* intense polarized A beam

Investigate diquarks in baryons )

0.0 High-resolution charm baryon spectroscopy
(7c20) * intense high-momentum 7t beam
E High-resolution multi-strange baryon

spectroscopy
* intense high-momentum separated K beam

Search for new physics beyond the SM

Highest-sensitive Kg — 9%V measurement
* intense neutral K beam

high-p M(TcZO)
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Hadron Physics: Diquarks in Baryons

How quarks build hadrons?

» Investigate diquarks in baryons toward understanding of dense quark matter

» Charm Baryon Spectroscopy

with intense high-momentum © beam @ High-p (720) ’ At
. . C
Establish a diquark (ud)
A7: Disentangle “collective motion of ud” (’ N
c and “relative motion between u and d” \Q q//dlquark
> o
g 700;— *Sinémlationé ................. ....... ch(2625)+j m /plsotope shift — 0'-.de1.7. {nt. \ p
g 600 ;_ ............. ................. ..... ................. ................ P L=2 . 5/2+ 09. Diquark
L e R ]
o = | z i i !
45 400Fd S N A2S95)" 1Ll A(2880)" 1 L=1 — 3/2—
Y SN | I T [ T 1 e 1/2- Charm quark
® 2% o 11 I R My>>m, 1
c 200Ef gl L A (29407 1/2+
8 100 =1 .............. :Zc*-" ............... z“c(2800)+ ....... ............ d e ) I'{{ » °
S eI T A » production rate” and “decay rate” will
T 5533 24 25 26 27 28 29 3 . . . .
S
£ Mass of charm baryon [GeV/c provide us information on diquark
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Hadron Physics: Diquarks in Baryons

How quarks build hadrons?

» |Investigate diquarks in baryons toward understanding of dense quark matter

» Charm Baryon Spectroscopy
with intense high-momentum © beam @ High-p (20) ’

Establish a diquark (ud)
A7: Disentangle “collective motion of ud” (
and “relative motion between v and d” Q q/ diquark

—rid
» Multi-Strange Baryon Spectroscopy

with intense high-momentum K beam @ K10 US/dS -

O QOF
Diquarks in different systems “td) ‘

E*: us/ds diquark ‘—F‘ ® &

Q*: the simplest sss system diquark
— diquark is expected to be suppressed

Systematic measurements of charm and multi-strange baryons

A¢

will reveal the internal structure of baryons through the diquarks



Hyperon puzzle in neutron star .

Strange Hadronic Matter in neutron star ?
Hyperon’s appearance is reasonable scenario because of
the huge Fermi energy of neutrons in the inner core.

3 Baryon Force (3BF):
Significant repulsive contribution at high density

Low Hig‘/

Ll 1 T T
- symmetric nuclear matter

D. Gerstung et al., Eur. Phys.
J. A(2020) 56:175

How can we reconcile ?

Hyperon appearance - soften EOS
Two-solar-mass NS - require stiff EOS

Y. Yamamoto et al.

20— - %0 2 BF |
RRES YN(ESC)+3BF(MPa) ORI -
T o % 3 3 1

PRC90, 045805
YN (ESE) only N We have to understand the density dependence of AN

— — interaction from A binding energy data in hypernuclei.
R [krm] - determine the strength of the ANN force




A binding energy measurement deep inside of nucleus : Unique for A hypernuclei

Nuclear density is different for each A orbital state

I Density at A orbit

SO

Sa Pa d, f» Energy

»

Two directions for study of the density
dependence of AN interaction

« Mass number dependence of B,
» A orbital dependence of B,



A binding energy measurement deep inside of nucleus : Unique for A hypernuclei”

Nuclear density is different for each A orbital state

I Density at A orbit

»

Sa Pa d, f» Energy

Two directions for study of the density
dependence of AN interaction

« Mass number dependence of B,
» A orbital dependence of B,

Energy spectra of 13,C, 16,0, 28, Si, 51,V, 89,Y,
139, La, 208, Pb with Nijmegen ESC16 model

M.M. Nagels et al. Phys. Rev. C99, 044003 (2019)

gA fA d ’/,"‘
- L@ o7
O ,/
_10_
> -151
E |
hi 'k
~25 . .
| C ' i ======== w/ AN int. w/o ANN int.
—30+ g w/ AN int. w/ ANN int.
0.00 0.05 0.10 0.15
A72 3

Calculation w/ only AN int : Over bound



A binding energy measurement deep inside of nucleus : Unique for A hypernuclei

Nuclear density is different for each A orbital state

at A orbit

@

Sa Pa d, f» Energy

Two directions for study of the density
dependence of AN interaction

« Mass number dependence of B,
» A orbital dependence of B,

Difference

Energy spectra of 13,C, 16,0, 28,Si, 51,V, 89,Y,
139, La, 208, Pb with Nijmegen ESC16 model

M.M. Nagels et al. Phys. Rev. C99, 044003 (2019)
ga fA d.

”
®
D~
.

_25__ v.v- ------- w/ AN int. w/o ANN int.
—30+1 g w/ AN int. w/ ANN int.
0.00 0.05 0.10 0.15
A*Z 3

Accurate B, measurement —  Calculation w/ only AN int : Over bound
Effect of density dependence

of AN interaction



A binding energy measurement deep inside of nucleus : Unique for A hypernuclei

13 16 28 Qi 51 89
Nuclear density is different for each A orbital state Energy spectra of ,C, 1°,0, #,\Si, >1,V, B4,

139, La, 208, Pb with Nijmegen ESC16 model

M.M. Nagels et al. Phys. Rev. C99, 044003 (2019)

@

ga fA d.

A
; A
®_~-
"
p

SA Pa da fA  Energy o -
Two directions for study of the density =
dependence of AN interaction ui© 204
. Mass.number dependence of B, L “ ______ w/ AN int. w/o ANN int.
» A orbital dependence of B, a5 ] > wl AN int. w/ ANNIint.
0.00 0.05 0.10 0.15
Difference AT

Accurate B, measurement —  Calculation w/ only AN int : Over bound

Effect of density dependence
of AN interaction

This density dependence should be explained from ANN force.
- Predict AN int. in higher density nuclear matter.



A binding energy measurement deep inside of nucleus : Unique for A hypernuclei

13 16 28 Qi 51 89
Nuclear density is different for each A orbital state Energy spectra of ,C, 1°,0, #,\Si, >1,V, B4,

139, La, 208, Pb with Nijmegen ESC16 model
at A orbit M.M. Nagels et al. Phys. Rev. C99, 044003 (2019)

ga fA d.

-
: A
® 2’

g

»
E—

SA Pa d, f, Energy 1 S,} ‘
- : . > -15- '

Two directions for study of the density =
dependence of AN interaction ui© 204

. Mass.number dependence of B, ‘25‘_ T w/ AN int. w/o ANN int.

» A orbital dependence of B, 5] wl AN int. w/ ANNIint.

0.00 0.05 0.10 0.15
Difference A3

Accurate B, measurement —  Calculation w/ only AN int : Over bound

Effect of density dependence \NN repulsive interaction is introduced to
of AN interaction explain A hypernuclear binding energy

This density dependence should be explained from ANN force.
- Predict AN int. in higher density nuclear matter.
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High-resolution A hypernuclear spectroscopy at HIHR

HIHR : Dispersion-matching beam line
- Realize high-resolution spectroscopy without beam intensity limit
High intensity 1 beam of > 108 /pulse

(~100 times stronger than KEK-PS)

« Thin target can be used
-> High resolution and various target options

(XF, yF) = (-7655.577, -6283.260)
RA2 =78.728
y = 32128.461 + 5.017 x

S -4500F

-5000

-5500

Focal plane e

-6000

-6500

IIIII|IIH|IIII|IHI|IHIIIIII|

77000 BA=0 MeV
Impossibl_e- to separate peal_(s 0.4 MeV (FWHM) resolution jm? 'y Bi=—s MeV
with a few MeV resolution U = B B=10Mev
_90930()0 7900 ‘7800| 7700 -7600 7500| I ~7400 7300 7200 71()0 7000
L x [mm]
208, Ph (KEK-PS) Clear separation of sub-major as well as major peaks  B,=—15 MeV
ol AE=2.3 MeV (FWHWM) 1} ++ 6000 |- L h
[ ‘ - imulation . ] ] ]
| Each peak cannot be sep;rateii > 5000 208p), HIHR oo Precise A binding energies
s t S 4000F  AE = 04MeV for wide-mass range
'g_ gl\ >~ - f :
= . - N
o2}k - C .
& " }; 3000 [ Density dependence of AN
o | E : dr | - interaction (ANN interaction)
1 .Hasegawa e 2000 — 10
il § d ¥t al., Phys. Rev. G 8 . ' : : @
. PA 53 (1996) 1210. - _ _ _
. el e 1000 Calculate U, at high density region
155 160 165 170 175 180 185 190 195 - Sa .
L MaMaey) 0 En 10 A JLANLILP Untangle hyperon puzzle in neutron star
0 25 2 MM s 0 5 -30 -25 —20 —15 10 5 0 5 10

Ba (MeV) ' -B, (MeV)



Physms at Hadron Experimental Facility i

Comprehensive research on the origin and evolution of matter and
the universe

» the mystery of the matter-dominant universe,

* the evolution from quarks to the smallest composite particles

« the neutron star as a giant atomic nucleus.

Extended facﬂ

Existing facilit

Ultra high-resolution A Elucidation of hyperon-nucleon
hypernuclear spectroscopy interaction in nuclear matter

Elucidation of baryon-baryon
interaction in free space

Structural study of double
hypernuclei

Nuclei

Elucidation of the mass acquisition
mechanism of hadrons

Establishment and characterization of ' &

Enhanced beam llinefunction diquark H?d.f‘ons
(20 GeV/c secondary beam) . ] TN N
| Search for CP violation RSP
> o o
The world's highest sensitivity beyond the standard model 0,00 %0

S, o exceeding the standard model Birth of . oo
- Measurement of p>e conversion Search for charged elementary particles
1. imes i imi lepton flavor violation -

100 times improvement over present upper limits Blg Bang



Summary

Many progresses have been obtained in the BB interactions study.

» Lattice QCD, Chiral EFT, ...
» Femtoscopy is successfully used for the hadron-hadron interaction study.
* YN scattering experiment gets possible!

Systematic measurements of Zp scattering at J-PARC
* do/dQ for Z*p, Zp, Z-p—2>An scatterings with ~10% level accuracy for fine angular pitch (dcos6=0.1)
* Momentum dependence of Z+p 8(3S,) channel was derived (—20 ~ -35 degrees)

Future project : Ap scattering w/ polarized A beam

» do/dQ and spin observables (analyzing power, depolarization)
» - reinforce the current AN interaction for deepening hypernuclear physics.

Current strangeness nuclear physics programs at J-PARC
» Hypertriton, H-dibaryon, Kaonic nuclei, X hypernuclear spectroscopy, X atimic X-ray measurement

High-resolution spectroscopy up to medium and heavy A hypernuclei

* New HIHR beam line with dispersion-matching technique will open new era of unprecedent resolution of 400
keV (FWHM)

* By using this high resolution, the ANN 3body interaction will be examined.



