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v large cross section for the elementary processes ~ mb/sr
v Clean production + controlled kinematics
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High-intensity proton driver to produce variety of secondary beams



1.8 GeV/c K- beam
for = production via (K-, K+)

K1.8BR in J-PARC

K1.8BR suitable for low-energy K- beam below 1 GeV/c



E15 spectrometer | beam dump. g

beam sweeping | =

Lig. Ho/Do/3He Lokt & N = &  neutron counter
target system STSRER WSy charge veto counter &

proton counter =

spectrometer /4



Experiments with E15-CDS

. 2012: Completed the construction [PTEP 02B011(2012)]

. 2013: E15 Tst, “K-pp” search.
[PTEP 061DO01 (2015), PTEP, 051DO01 (2016)}

K~ +°He - K pp+n
. 2015: E15 2nd, “K-pp” search
[PLB789, 620 (2019), PRC102, 044002 (2020), PRC10, 014002 (2024)]

. 2018: E31, A(1405)

[PLB837,137637(2023) + 2 in preparation] K™ +d — A(1405) +n

. 2020: T77, H lifetime, (“K-ppn” search) 1 K~ +*He — *H + 2°
[PLB485, 138128 (2023) + 1 in preparation] J (K~ +*He — K~ ppn + n)

. 2021: E73 1st, ;H production cross section

. 2024~2025: E73 2nd, 3H lifetime, (“K-pp” study) ‘ (K~ +°He - K pp + n)

[>3 publications expected]



Light hypernucleus



) H (1/ 2+) deuteron

Ajmo keV,

~10 tm separation

Hypertriton puzzle
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Even for the benchmark hypernucleus, we do not understand well.



(K', T O) reaction: complementary to Hl experiments

Recoll momentum on Carbon . Motoba
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. Low recoil momentum — hypernucleus mostly stops before its decay

. Spin-nonflip reaction is dominant at 1.0 GeV/c or lower

. 1V spectroscopy is difficult — high-energy gamma tagging at forward angle



Time-domain lifetime measurement
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PbF2 EM calorimeter for =° tag

2019.12: Test experiment @ ELPH

using 100~800 MeV e+ beam

Response to 1 GeV/c n-/e- @ J-PARC
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D.F. Anderson, et al., Nucl. Inst. Meth. A290 (1990) 385
P. Achenbach, et al., Nucl. Inst. Meth. A416 (1998) 357




Counts/1.0 MeV/c
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with gamma-tag

http:/ /arxiv.org /abs /2509.16967

Decay pion spectrum
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v Two-body decay peaks are observed.
v Backgrounds from quasi-free hyperons are well under control


http://arxiv.org/abs/2509.16967

Systematic errors

Contribution Value
4 - - Intrinsic bias of J-PARC T77 approach +2 ps
A H Ilfetl me PL3845, 138128 (2023) Uncertainty from y selection +4 ps
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. Comparable presicion with the latest STAR data (218 + 6(stat.) + 13(sys.))

(doi.org/10.1103 / PhysRevLett.128.202301)
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Production cross sections & 1 H binding energy

What we directory measured http:/ /arxiv.org/abs/2509.16967
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. Sizable production cross section for ;H supports for J* = 1/2*

. Cross section ratio ;H/1H imply shallow bininding of 3H ~ 100 keV


http://arxiv.org/abs/2509.16967

Latest dataset for hypertriton lifetime
Data-taking completed in 2025
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. *He target as calibration data demonstrates the consistency across different data
taking periods

. ‘He data shows ~1000 two-body decay signal events as proposed.
Further improvement Is expected by optimizing tracking and cutting conditions.
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Kaonic nuclel
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KbarN molecule from Lattice QCD
PRL114(2015)132002.
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. Strong attraction in I=0 from scattering and X-ray experiments.

. A(1405) = KN molecule picture is now widely accepted

- Why not kaonic nucleus with additional nucleons?
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Theoretical calculations of KbarNN " =707
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. KParNN should exist. Then, how to produce and observe it?
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“K-pp” searches
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No conclusive result because of complex reactions & background---
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Our approach: in-flight (K-, n) reaction

T. Kishimoto, Phys. Rev. Lett. 83, 4701 (1999).

~1 GeV/c forward K-N elementaly cross-sections
8 | | | | T _ L
K— T. Kishimoto. Phys. Rev. @ EEEFSE —
7 I Lett. 83 (1999) 4701 p(K':n)KO ........................ -
6 | -
Il recoil d
sSmall recol .
S 4l
3t PR
‘He i KNN T S
p p 1L \‘\,\__\\-"_“/‘,/’/—’ e '~-.,._...‘\:\\“\\“
L=+1/2 L S BN s
Z 200 400 600 800 1000 1200 1400 1600

P, (MeV/c)

v Effeciently produce sub-threshold virtual K

v Simplest target allows an exclusive analysis
v Large-acceptance detector to cover a wide range of kinematical region
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K- SHe (n)

Apn Exclusive measurement —- eppr ),

+ —> +
tion 500 mm K. Agatri et. al., A N\
= © 0

PITIR IR PTEP 2012, 02B011

&
tn

E

solenoid magnet

missing nheutron selection

Momentum (GeV/c)
= o
wn (=)

Mass? (GeV/c?)?

\ reconstruction CDC

3000— mA

e e I
B B e Y

|\

j K- beam : e
2000 M‘w . 5 ______.....-----............... n

RN
l

=)

@)

1.2 1.4

0.8

Counts

1
] m., (GeV/c?)
1000

He target cell
vacuum vessel

o
T AN U T U R AT O

e B NG A NN S ) ‘:-'-':?j

-
3
;
2
4

NG

M (GeV/e) Purity of Apn events ~ 80%



“K-pp” observation in J-PARC E15

d°c/(dM - dq) PLB789(2019)620., PRC102(2020)044002.
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q : (K,n) momentum transfer, M : Ap invariant mass
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“K-pp” observation in J-PARC E15
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Deep biding (B.E. ~ 40 MeV), Large decay width ('~ 100 MeV), Large momentum transfer
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A\ d analysis with the 4He target

E15: K~ +°He — Ap + n; (~ 42x 10° K™) T77: K~ +*He — Ad +n, (~ 6x10° K7)
M(Kppn) before acceptance correction
B RRRRE RS RARRN LRRRN RRA N RARE RARASRARRE RS
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. Similar distribution as 3He data. Publication coming soon with x3 4He data.
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With two-step reaction processes

S-wave KN amplitude (1=0) was deduced
pole: 1417.7 — 26.1i [MeV]

PLB 736, 137637 (2023)
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Future plan

Confirmation of “K—ppn” — J-PARC E8O0
Further investigation of the KNN system — J-PARC E89

Quantum number, Spatial size, heavier system, double K nuclei---



New CD S ES0-CDS

E15-CDS

e

v Solid angle: x1.6 (59%— ‘
v Neutron eff. x4 (3%—12%
v forward TOF counters

v proton polarimeter in future
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Is the observed state really KNN 72

. |Isospin partner should exist

. | i L=+1/2 K_pp - Kopn
. “K%n” — An,X " p analysis KNN( = 1/2)
Bl - K'nn

Sl K pn-K'nn

- need neutron detection

. Spin-parity measurement:

. SpIN-spin correlation between A and p
. need polarimeter for proton

—TT 0 +7 —n1 0 +
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Phys. Rev. C102(2020)044002
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How compact is the system?

P. Kienle et al., PLB 632 (2006) 187-191
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. Momentum of the “spectator” nucleon should reflect the system size.

K-

+ ()
forward TOF

- Most of the spectator nucleons have too low momentum to be detected.

— detect the forward knocked-out nucleon In the production reaction



Construction status

Solenoid york ducting solenoid CDC: completed, in commissioning
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completed in JFY2022 - completed In JFYZ'.

Installation from summer 2026
Beam commissioning in early 2027




-----

J-PARC SX beamtime Nov. 5-26

Detector tests as a parasite

AC, polarimeter tracker, TOF counters, -

Hyperon Spectrometer
(Helmholtz + TPC)

. E72: A resonance at Ay threshold
. E63: commissioning of 1H(1" — 0%) gamma-ray spectroscopy

. E10: spectral modification of vector mesons in nuclei (¢/w)
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Summary

. K- beam provides unique opportunities for strange nuclear physics.
. Light hypernuclel
. lifetime measured with high precision for H4L
. Hypertriton binding energy can be assessed with the production cross section
. hypertritron lifetime under analysis. stay tuned!
. Kaonic nuclel
. (K-, N) reaction efficiently excites the sub-threshold anti-kaon amplitude.

. A(1405), ‘K pp", 'K ppn", More analysis results to come. (d, 3He, 4He)

. Next-gen. experiments start in 2027 with an upgraded solenoid detector
. Key questions: guantum number, spatial size from the decay observables

- Many opportunities with ES0-CDS: hypernuclei, pPar beam, K+ beam, -
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