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Strangeness in Nuclei

Role of strange quark in extreme high
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~750 users/year
~half from abroad

Production
Target

30 GeV protons
Slowly extracted
from MR synchrotron
2 s beam out of 4.24
s cycle

>80 T protons/spill

30 GeV primary
proton, ~1019/spill

=t

8 GeV primary
proton - muon

Beam Secondary Max. Inten3|ty
Py Lines particles

T, K, p (2 < 2.0GeV/c ~10°¢ /spill for
separators) K-
K1.8BR n, K, p (1 separator) < 1.1 GeV/c ~10°/spill for
K_
KL Neutral Kaon ~2.1GeV/c ~107 /spill
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More Kaon Physics with Higher Intensity Kaon Beam

1250 . : .
— 2025 K intensity@K1.8: 986 K-/spill w/ 92kW
& 1000 2004 ° proton beam, with 78% purity (2025)
> 750 @ . .
s 2020 ‘_'4_ S=-2 missing mass experiments
g 500 =T with a magnetic spectrometer
2015 ° 5
o 250 0 Pm Prog Theor Exp. Phys. 2020, 123001 (34 pages) I Ep Frow Theer Exp Ph[\J\(Jz[UJ;:?()JL?;I;;Eﬁ?;
o _’ DOI: 10.1093/ptep/ptaal 39
~ @ ‘_Y_

0 An ventsxcss bserved nthe decply bound Mg Mass Messarement of the PC(K K1)
0 50 100 150 region of the "~C(K ~, p) missing-mass spectrum Kaon Spectrometer

S=-2 emulsion
experiments

Oct 19, 2026

MR Power [kW]

- Artificial intelligence pioneers the double-strangeness factory, Nature Commun. 16 (2025) 1, 11084

X atomic X-ray spectroscopy using a counter-emulsion hybrid method, PTEP2022,123D01 (2022)
High-resolution measurement of hypernuclear events in a nuclear emulsion with hard X-ray microscopy,
Eur.Phys.J.A 58 190 (2022)

First observation of a nuclear s-state of a X hypernucleus, 1*,C, PTEP2021, 073D02 (2021)

Observation of Coulomb-Assisted Nuclear Bound State of X--14N System, Phys. Rev. Lett. 126, 062501
(2021)

Observation of Double-strangeness Nuclei using Nuclear-emulsion Technology, Bull. Soc. Photogr.
Imag. Japan, 30, 22 (2020)

Observation of a Be double-Lambda hypernucleus in the J-PARC EQ7 experiment, PTEP2019, 021D02
(2019)

S. Sawawda @MENU2026


https://doi.org/10.1038/s41467-025-66517-x
https://doi.org/10.1038/s41467-025-66517-x
https://doi.org/10.1038/s41467-025-66517-x
https://doi.org/10.1038/s41467-025-66517-x
https://doi.org/10.1038/s41467-025-66517-x
https://doi.org/10.1038/s41467-025-66517-x
https://doi.org/10.1038/s41467-025-66517-x
https://doi.org/10.1038/s41467-025-66517-x
https://doi.org/10.1093/ptep/ptac156
https://doi.org/10.1093/ptep/ptac156
https://doi.org/10.1093/ptep/ptac156
https://doi.org/10.1093/ptep/ptac156
https://doi.org/10.1093/ptep/ptac156
https://doi.org/10.1093/ptep/ptac156
https://doi.org/10.1093/ptep/ptac156
https://doi.org/10.1140/epja/s10050-022-00830-7
https://doi.org/10.1140/epja/s10050-022-00830-7
https://doi.org/10.1140/epja/s10050-022-00830-7
https://doi.org/10.1140/epja/s10050-022-00830-7
https://doi.org/10.1140/epja/s10050-022-00830-7
https://doi.org/10.1093/ptep/ptab073
https://doi.org/10.1093/ptep/ptab073
https://doi.org/10.1093/ptep/ptab073
https://doi.org/10.1093/ptep/ptab073
https://doi.org/10.1093/ptep/ptab073
https://doi.org/10.1093/ptep/ptab073
https://doi.org/10.1093/ptep/ptab073
https://doi.org/10.1093/ptep/ptab073
https://doi.org/10.1093/ptep/ptab073
https://doi.org/10.1103/PhysRevLett.126.062501
https://doi.org/10.1103/PhysRevLett.126.062501
https://doi.org/10.1103/PhysRevLett.126.062501
https://doi.org/10.1103/PhysRevLett.126.062501
https://doi.org/10.1103/PhysRevLett.126.062501
https://doi.org/10.1103/PhysRevLett.126.062501
https://doi.org/10.1103/PhysRevLett.126.062501
https://www.spij.jp/wp-content/uploads/2021/01/BSPIJ30_022.pdf
https://www.spij.jp/wp-content/uploads/2021/01/BSPIJ30_022.pdf
https://www.spij.jp/wp-content/uploads/2021/01/BSPIJ30_022.pdf
https://www.spij.jp/wp-content/uploads/2021/01/BSPIJ30_022.pdf
https://www.spij.jp/wp-content/uploads/2021/01/BSPIJ30_022.pdf
https://www.spij.jp/wp-content/uploads/2021/01/BSPIJ30_022.pdf
https://www.spij.jp/wp-content/uploads/2021/01/BSPIJ30_022.pdf
https://www.spij.jp/wp-content/uploads/2021/01/BSPIJ30_022.pdf
https://www.spij.jp/wp-content/uploads/2021/01/BSPIJ30_022.pdf
https://www.spij.jp/wp-content/uploads/2021/01/BSPIJ30_022.pdf
https://www.spij.jp/wp-content/uploads/2021/01/BSPIJ30_022.pdf
https://doi.org/10.1093/ptep/pty149
https://doi.org/10.1093/ptep/pty149
https://doi.org/10.1093/ptep/pty149
https://doi.org/10.1093/ptep/pty149
https://doi.org/10.1093/ptep/pty149
https://doi.org/10.1093/ptep/pty149
https://doi.org/10.1093/ptep/pty149
https://doi.org/10.1093/ptep/pty149
https://doi.org/10.1093/ptep/pty149

Origin & Evolution of Matter

Matter-Antimatter Flavor Physics

q CP violation Kaon rare decoys
Symmetry a weak interaction > € conversion
matter dominated universe - new physics

Hadron Physics

Origin of Matter Creation
formation of hadrons from quarks

quark interactions
hadron mass-generation mechanism

Hadron speciroscopy
Meson in nuc\el

u Strangeness Nuclear Physics
Matter in Extreme Conditions . hadron interactions
- .
dense matter in neutron stars o hadronic many-body systems

x H YpPperon-Nucleon scottering
Oct 19, 2026 . Qe Hypernuclear spectroscom



9
Achievements in Research at the Hadron Experimental Facility

4 Flavor Physics Y Hadron Physics Y | Strangeness Nuclear Physics

KQ - n%vv search @ KOTO Observation of an exotic hadron bound A lot of progress in hypernuclear research
. - system including K~ meson g . —_n .
- Approaching the SM sensitivity y & — Clarified attractive S=—2 =N interaction
for Ccp violation -> Established a new direction to and deepened S=—1 AN, XN interactions
£215 0 0 o
40235 6200132 | 0.033.000m.0005 |0 understand meson-baryon int. : . B
= e BV B s Observations of |
3 3508 = = acceptance correcte ‘1_‘ §
KOTO 2021 E ot TID.fWSon.u}mp_ oS £ 300<4 <600 MeViey = hypernuclei \
. € b L L) : =l ; P N
S|ng|e Event - :zz_ . .:*‘_. 1:0 ‘ 8008 Kaonlc’?ucleir 2 6ol | i # K.;p_”\p -
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9 % /] O-’|O 5‘;? | 10.16510.(:60';2‘,’;5 | 0 S a0 i 547 “““““ o i ] 46
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100 [] £= 0] SRy 2. S e S s i i ﬁ[ First precise
OTO KOTO 2015 (<3.0x109) £ -] Pole position I s ) %ﬁ%ﬁf ” | %ﬁ.@ || ZN scattering
itivit = 11 7N\ M | "‘H‘“ ‘_%“ L o
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10 ) § 15|~ xHegRARCERD) —4?— 311 i ::::::5 3He
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OngOing ResearCh PrOgra ms at the Hadron Experimental Facility

—

Flavor Physics

Phase-|

\_

violation

Upper Limit on Branching

[S)
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107174

Muon Transpom
Solenoid

Proton Beam

Y

Search for p—=>e conversion @ COMET
(2023~)

-> Search for charged lepton flavor

Measurement of spectral modification

Q

—ey A :
for p—ey "
Pd(dReg ..... - }ﬁ\ S jereeisertd
PR L .
1950 1970 1990

Hadron Physics Strangeness Nuclear Physics

)

High-resolution spectroscopic study of

of ¢ meson in nuclei (2020™) S=—2 Z-hypernuclei

-> Investigate mass-generation
mechanism of hadrons

-> Provide accurate and systematic
information on =N, AA interactions

- [ E325 AM-35MeV |
102 | 4 Expected
1.01-
089 -+- P
0.98f Jr
097"
\@ 096 § » d stable ~300
[ © stable > 3000
S. Sawawda @MENU2026 . .10 1. N Ontinaryruciel
0 05 1 15 2 25 e

Neutron Number




Recent Highlights in
Strangeness Physics
at J-PARC



YN Scattering

— From NN to BB Interaction —

®Precision data of Xp scatterings obtained around 400-800 MeV/c (E40)
v'Precise data allow detailed study of Xp interaction vs. theory

K. Miwa et al., PRC104(2021)045204 T. Nanamura et al., PTEP2022(2022)093D01
Z'p elastic J T p=550650 (Mevic) 2+p elastic /< Ao Fss
ST SOF _H_ 3 Car ] —* NSCO7f
B || chiaerr i I g T T +EFT NLO13 (cutoff 600MeV)
£ a4 . fes2 T T L . Al mrmm %EFT NLO19 (cutoff 600MeV)
[ | ESCOBC L L T e o | el | ESCO08 (0.55 GeVic)
2 e T e + Lt B ™ vl S T Al A E289 data (0.35<p(GeVic)<0.75)
: - ]E"H' 4“*‘% -------- S 2r R B e o B E251 data (0.3<p(GeV/c)<0.6
I g BT [ .3<p(GeV/c)<0.8)
oL e R ob present work

. This work

Chiral EFT NLO13 (cutoff 600 MeV),
Chiral EFT NLO19 (cutoff 600 MeV)|
- - =- fss2

-------- ESC08¢c

Cll p,=750-850 (MeV/c) % o ,-"i’_ (c) 0.65 < p (GeV/c) < 0.80
Bl - E t '
E6[ i g I [ !
- L s L 5 J- 1
a I ﬁ £ °r or
o 4 L * r s I
— - - at
B ot ] il - A & <0
i % 4 Sl
. Tli } '%1 i I 's gl Aes,:}o
2 = —+ I =L & - 5 C 4 B 8i<0
B = 2 Famads’ ) C !
L 2 [ (a) 470-550 (MeV/c T (b) 550-650 (MeV/c L Rt g 60— crooL B &5 >0
=5 E - @ ( ) ® ( : [éim_' 2 a0F ] JJCj/JV —o-C &5<0
"9 g

=~
I|I

0

& C 8550
~ | Z*p, phase shift of 3S, e

.ref8S2

ESCO16

> p2An inelastiW
2 L T

- moderately repulsive =14 ECS16

=
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Hypertriton (3H)

— A Important Benchmark in Hypernuclear Physics —

®Hypertriton binding energy measured by two experiments:
»EO07: Emulsion exposed to K~ beam, analyzed with machine learning

»E73: Evaluated from 3’4He(K_, nO)S’f{H cross sections (preliminary)

. 3,4 — 3,4
E07: Emulsion - |E73: 7"He(K~, %) H
preliminary — 0.172 £ 0.040 MeV
determined from m momentum E73H IE} evaluated from 013\11/0;{1{ by
obtained from & range | EQ7 comparison with theoretical calculation
— ~ ALICE STAR +0.028 +0.024
B,=0.231+0.11+0. 05 MeV — [27] Nat. Phys. 16 (2020) B, =0.061 -0.022 -0.021 N’!g,\i{ninary
EA.:Ka.';ag/et al.,PTEP2025(2025)083D01 = [16] NPB 52 (1973) o — s
gi oF- E 06— ) 1:heoret|cal calculation ._,
- + { [64] PRD 1(1970) s ...  preliminary . E
S 2’__ e o o [63] PIAS 68 (1968) § 045_ . ) This work E
& — [62]11 Nuo. CimA 43 (1966) & £ = e E
) I| | 4;\]_] — 4Hd + 71- ' @) 0.3: - -
e [l Ll 1] [61] Nuo. Cim 26 (1962) S T .
C L : 02 g 0295+ 0.053(stat) 007, (syst) 1
1oE [ —— [60] Nuo. Cim 21 (1961) ok E
A3 | | | | | | 't T. Akaishi, REIMEI WS 2025
| |pr—|[|| 023 0.00 0.25 0.50 0.75 1.00 1.25 O 605 01 045 02 025 03
18000 20000 25000 30000 35000 40000 45000 50000, 55000 Ba [ MEV] Binding Energy [MeV]



=-hypernuclei in Emulsion
— First Step to the =N Interaction —

® Attractive =-nuclear potential was confirmed from observation of

=-hypernuclei in emulsion (E07)
‘(\ IBUKI event IRRAWADDY event

- Coulomb

/Nuclear force

Bz~ = 1.27 +0.21 MeV ‘E + 14N D15_C ‘ Bz- = 6.27 +0.27 MeV

>_C ->10 Be+> He

15.C ->5,He+°,He+%He +n

S. H. Hayakawa et al., PRL 126 (2021) 062501 M. Yoshimoto et al., PTEP 2021, 073D02
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=-hypernuclei in Emulsion

— First Step to the =N Interaction —

® Attractive Z-nuclear potential was confirmed from observation of
=-hypernuclei in emulsion (E07)

T 14N 4 WS+ Theoretical B

= - Present data Coulomb predictions 5

b I /—\\ T i

IBUKI event [ ) - :
ﬁo E _— . — Expim —

9 ;_ or TR P 1p pP3n _;

—4- = ) P E

—6 lgsu b

N C — 00 m— ]
ﬁ ~6MeV -8 =20, - 1%C bound state? :

om0 e SL2

via Z2--Z° mixing e

IRRAWADDY event (Me_~Mey = 6.9 MeV, m,zy-M, . = 0.7 MeV) SLO
Friedman-Gal, PLB837(2023)137640

S 6 & 2 3 25 5 2 & & 8
— ®) — - : ] e bo Q - e O
— o % ¥ g £ 5 ¥ ¥ E 5 Z
‘.:+14N915EC‘ & 93 S%Eﬁ;ggmm%
(e8] oy
= H M. Yoshimoto et al., PTEP 2021, 073D02



=-hypernuclear Spectroscopy -

— Toward a Precise Determination of the =N Interactlon -

|
N I
< - - w+ Y. Ichikawa et al., I
E 40 12C(K ,K )12539 PTEP2024(2024)091D01 % !
= _ . v 1
2 30F 2 Gaussian + QF(I'=0) 9 !
c - . — . N
M assuming narrow ZN->AA width N &p/’p 10% 104 :
a C AM = 8.2 MeV (FWHM) SKS 7/~ v — — — (FWHM) R,
3 ok l PR K1.8 beam-line
O - Ap/p = 3. 6x10° (kv spectrometer
© ) P et S e
40 30 =20 -1 0 10
) - —B_- [MeV]
+3. 0.05 — '
B St — 8 9 i 1 4‘_3_1 MeV . DWIA calculation T.Motoba, S.Sugimoto
0.04 Vo (ESC08) - NPA835(2019)223
g L \ by oa (ESC04d)
Need more precise measurements § |
. . . B ooz SN AR N 24
to investigate the detailed structure = | 1571\
. B II II\‘. /:
- E70 with AM =2 MeV (FWHM) using S-2S " "‘T’* j A L2
s ceachesrest™ ,

- N 3 M|
-10 -5 0 5 10
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E-hypernuclear Spectroscopy
— Toward a Precise Determination of the =N Interaction —

* = potential — both Re(Vz) and
* isospin dependence (< 1/A4)
 =N-AA conversion

Im(Vz)

-

Calculated = binding energy (and width) )
. Heavy nuclei Light nuclei
NHC-D Ehime 15t step
— — —>
| p-state
= o, f-state R P
= x * ) s-state 12_Be
= - . et =
S ] d state / . :
| a / 27_Na '
-30 A A 40_Ar .
®Rb :
-40 ) ! | MeV ,
0.05 2/30.1 0.15 0.2
A” /

Counts /1 MeV

®Systematic measurements will be strongly e
promoted at J-PARC, starting from E70

®The precise Z-hypernuclear spectroscopy

S-25

15t step data-taking is completed

12C (K', K"') 1ZEBe

*_ based on the EO5 result J[
.. AM = 4 MeV (FWHM)ﬁ ﬁ ﬂ

= J{ H
++++ f HJFHJ[IJ[J[‘J[‘ N

R AU S < A
=T 0

el
—40

T. Gogami et al.,
The 38th J-PARC PAC (2024)

Ap/p=5X104
yozy s (FWHM)

- SIMULATION m

20 :
-B. [MeV] [E

I
I
/
I -&
G,

I 2
I

I

Ap/p=10X10*

A | I.___(Ewt"M_)__.l
1m K1.8 beam-line

spectrometer

== 1.8 \G\eV/c

o
T N
N M e >

-
1.37 GeV/c .

Results coming soon



Kaonic Nuclei

— A New Form of Nuclei Composed of a Real Kaon —

® “K'pp” bound state was observed via 3He(K", Ap)n

in E15
1 GeVic 1.2~1.3 GeV/c
K- 3He K-pp
reaction chormation
O * 6\ @ ¥ i|Missing mass
A & spectroscopy
dete(:tthing 1" 7\ o P y
r | | deca
every Irr opl CDS Invariant mass
spectrosco
eDS p py

Low momentum K

/ K- Pk *He \

fogee
1 GeV/c

o

PLB789(2019)620.,
PRC102(2020)044002.

[N
(00

M(Kpp)

1.0

M(Ap)

Y77 XA/ /T TR T T
{/ /1’ ineffective

b
\’/

OWA/Harald Ritsch

:

! w“
L\ L
i

|

)

¢ data
e Kpp = Ap
Kpp—Zp 7
—>YAp
— QF KNN—Ap, 2% |
BG

N

all

2.8 3.0

2.4 2.6
M(Ap) [GeV/c?]
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Kaonic Nuclei

— Toward a Further Understanding of Kaonic Nuclel

®Systematic measurements will be carried out
at J-PARC, starting from E80 vSolid angle: x1.6

v'Neutron eff.: x7
* Mass number dependence
* Binding energy, Branching ratio, g dependence, ..

* Spin/parity determination LN
* Internal structure extracted with theoretical investigations

Reaction Decays
@AY the larger nuclei

250—

® KN d(K-,n) oy +o I > the larger B.E.| |
@® KNN  3He(K,N) Ap/An = oy
0@ KNNN  ‘*He(K,N) Ad/Apn €fstsen ke
KNNNN  6Li(K,d)  At/Adn
KNNNNN  SL(K'N)  Aa/Add/Adpn — =
KNNNNNN Li(K,N)  Aan/Addn L
€@ KKNN p+3He AA

Binding Energy (MeV)
2
I

Wil start in 2027 y
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Hadron Experimental Facility €Xtension (HEF EX) PrOJECt

\
Sresent HEF expand research programs [Extended HEF r 10 B

(2009~) at the Hadron Experimental Facility > D A
to further explore P
Origin & Evolution of Matter '

ngh p (nZO) ! ha“
- de
> E)(tef‘

1 production target (T1) S5
1 secondary-charged beamline (K1.8/K1.8BR) .~

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) > sawawda @1UPipdated beamlines (High-p (720), Test-BL)



Determine density dependent AN interaction

- Ultra-high-resolution A hypernuclei

spectroscopy
* intense dispersion matched © beam

- Systematic AN scattering measurement

* intense polarized A beam

Investigate diquarks in baryons \

A4,c9] High-resolution charm baryon spectroscopy

(120) * intense high-momentum n beam
m High-resolution multi-strange baryon
spectroscopy

* intense high-momentum separated K beam

Search for new physics beyond the SM

Most sensitive K} — m%vV measurement

Oct 19, 2.026|rrtense nGUtraI K beam S. Sawawda @MENU2026

Expanded Research .

Programs
at the Extended Facility

'-' high-p (20)

[N



Stagmg approach for extension

In KEK-PIP2022 (Project Implementation Plan), HEF-ex project got 15t priority for the budget
request.

 However, construction cost was significantly increased after COVID-19: 150 - 200 Oku-yen.

 Cost reduction/optimization and staging plans with smaller steps are under discussion for early
realization of the project.

Reduced plan (under discussion)

e 2nd target is installed in current hall.
(referred to as “T1.5” to distinguish
from T2 in the original plan)

e K1.1/K1.1BR are built in current KL
area.

‘Ill
= L2 L7 7 ANSTage

Original plan




Near Future Hadron Physics at Hadron
Experimental Facility

e Strangeness nuclear physics: continuing S=-1 and S=-2 experiments at
K1.8 and K1.8BR

e K1.8: v and missing mass spectroscopy of A hypernuclei
missing mass spectroscopy of S=-2 hypernuclei

* K1.8BR: kaonic nuclei
* Hadron physics experiments: pi20 and K10
* Promotion of extensive use of the facility to enhance its value



2ndary beams at High-Momentum Beamline: ©20

Production Target
15 kW loss (SM)

i J_________T

Collimator

1.E+09

1.E+08

1.E+07

1.E+06

1.E+05

1.E+04

1.E+03

Intensity [/spill (4.2 sec)]

~

0 1 2 3 4 5 6 7 8 9 10 11 12

% 15-kW loss @ production target
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Focal Point (IF)

1, K, pbar up to 20 GeV/c

design intensity >107/spill (m%, p), >105/spill
(K=, pbar)

Ap/p ~ 0.1%

S. Sawawda @MENU2026
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Phases of 120

* Phase 1 (now), secondaries from Lambertson
beam loss(420 W loss) Layout in A-B branching point

[ J 5 i

several 10°/spill it y Current
 Beam testis planned in the next beamtime in ~———— lambertson —— septa

Nov/Dec iy g

* Muon beam is also being demonstrated. S SO

B e O T T ot e
e Upgrades = higher intensity ‘-'

* Phase 1.5, movable 1-kW target (about 5 times o

higher intensity than the phase 1) tappetiokilios) 20 (full) [~

T - i T

— several 106/Sp|” Tt V09 R J& . j‘— L w;ﬁ B RGIPM11 c'm |
* Phase 2, beam swinger + several-kW target il el ﬁ ] o Bl | B " T

->~107/spill it (2-20 GeV/c), ~105/spill K-/pbar (510 e ”W”““W__J %%

quadrupoles

e Phase 3, full m20 beamline (15-kW target)
- >6.0 X 107/spill m (2—-20 GeV/c), several 105/spill
K-/pbar (5—-10 GeV/c)

Oct 19, 2026 S. Sawawda @MENU2026



A,

Z

MARQ spectrometer at 20

Decay
measurement
*Branching ratios

n*&p: < 4.0 GeV/c

Oct 19, 2026

Threshold-type
Cherenkov PID detector Ring Image

Cherenkov detector

RPC TOF wall

FM magnet \

Barrel DC
LH, target

Beam RICH TOF wall

L

Fibe tracker

2m
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Missing mass
measurement
*Production rate

K+ & mt:2-16 GeV/c
Slow m;": 0.5-1.7 GeV/c

S. Sawawda @MENU2026

E50 collaboration extensively
preparing the MARQ
spectrometer



Physics with Phase 1.5

e E50, t"p reaction at 20 GeV/c
e background study, same D*~ final state, about 2.4 mb

* Hyperon production, t"p - Y*°K*© at 5 GeV/c

* K™p reaction at 5-10 GeV/c
* background study, K* and K*° production, about 3 mb (JAM)
« K'p > K*=", 7.2 ub at 5 GeV/c, about 4X10? events/week
* K'p > ="K*K*°, 1.0 ub at 5 GeV/c, about 0.5X 10? events/week

120 phase1.5 [/spill (4.2 sec)]
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K10

e Partial realization of HEF extension

Oct 19, 2026 S. Sawawda @MENU2026
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K10

* Physics at K10 is a natural extension of the physics at m20.

“02 baryon”

Proton s @, 2
> °
— u A
= (<
- “Zbaryon”
u/d
Production of “strange” %M.
particles using K~ meson s ¢
beam at K10
Omega and Xsi spectroscopy GPD and related topics Extotic hadrons

How hadrons are emerged?

Oct 19, 2026 S. Sawawda @MENU2026
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K10

 Collaboration was established and the 15t collaboration meeting was
held at Korea University on October 9, 2026.

* 81 collaborators
* 5 countries
* 31 institutions

* “Yellow Report” is being prepared.

Oct 19, 2026 S. Sawawda @MENU2026
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Near Future Hadron Physics at Hadron
Experimental Facility

e Strangeness nuclear physics: continuing S=-1 and S=-2 experiments at
K1.8 and K1.8BR

* Hadron physics experiments: pi20 and K10

* Promotion of extensive use of the facility to enhance its value

* Use of HEF beams for other areas than hadron and particle physics is being
considered to enhance the value of HEF

* Beam line will be constructed for space industry to test mainly Single Event
Effect to semiconductors.

* Muon beam application is under consideration.

Oct 19, 2026 S. Sawawda @MENU2026
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New Beamline: SP (Space) Line

Funded by the Space Strategy Fund

Will be constructed in 5 years at the previous K1.1 beamline space
Mainly used for evaluation of Single Event Effect of electronics of

spacecrafts.

Production

Oct 19, 2026

particle proton

kinetic 10 MeV~510 MeV

energy

intensity ~107 /s

spot size afew mm ~ 10 cm
in diameter

S. Sawawda @MENU2026

B ES

(2m x 4m)

antiptotons, pions are available also

Intensity/cm?2 is variable based on the
spot size

variable
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J-PARC Main Ring in coming several years

« Hyper-Kamiokande will start operation in JFY2028.

« For several years after start of Hyper-Kamiokande, priority of
operation of J-PARC Main Ring (MR) might be given to the
neutrino beam.

« While beam operation at the Hadron Experimental Facility
(HEF) might be limited during these years, a lot of fruits are
expected after these years, as HEF would be the leading
facility at J-PARC MR.

« Good physics program/experiments are awaited.

Oct 19, 2026 S. Sawawda @M ENU2026 33



Hyper-Kamiokande Overview T Nakadaira

J-PARC
v-beam

upgrade
(1.3MW)

Water Cherenkov detector Aiming at discoveries of leptonic !
Outer and Inner detectors proton decay, supernova re|ic,:f‘fé

Near Detector
upgrade

- 260 kton of
ultrapure water

-

=

)
)
-
-
-
-~
- -
Y
-

3600 Photosensors
in Outer Detector
8-cm PMT

(Hamamatsu R14374)

800 Multi-PMTs

(19 of 8-cm PMTs
in a 50 cm diameter case)

.

+ Wavelength
shifting plate 115860 Hamem

otonics KK.  [Acrylic + Stainless Steel)

New Huge Water ICRR.
Cherenkov Detector

(Fiducial mass = 190kt) e R at (ot R

Under construction from 2020, Data taking in JFY2028~




T. Nakadaira

Hyper-K will challenge the big questions of nature

« Search for CPV (matter — anti-matter asymmetry ) in Leptons
Measure the size of CP asymmetry (§CP) with precision of <20°.

« Search for the evidence of GUT: Proton decay search with reach of 103° years.
« Advancing neutrino astronomy and astrophysics

Stable high-power neutrino beam (Net. ~5 months/year) for ~10 years, and systematic error control
is quite important to achieve goals.

——e—— Statisfics only Stafistics only p— et 70
...... e [Mproved syst. {veﬁ_e XSecC. error 2.7%) [ Improved syst_ (Vﬁe XSEC. error 2_7%} -gr S e
womnguwn  T2K 2020 syst. (ve/Ve xseC. €rmor4.9%) | | cceeeeeeeeen Improved syst. (v./V, xsec. error 4.9%) g e HK 186 kion R S————
<, 12: I L e T 2K 2020 syst. (v /V, xsec. error 4.9%) 2 [ SK+5KGd 27 kton 3
q — ?)H25|_ T T T T T .I“I T T T T T T LI T T T T T T T T R — DUNEmk‘tﬂn,sthd
=101 o f _
c O Al
§ af T 0ee=000 T et o 20
) 8_ - T [15] F
S [ wm§ —A5° e gttt 3 C
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. af- = S 100
o = L :
L, o
% 2: / © 55 ]
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Hyper-K preliminary HK years (2.7x10%' POT/year 1:3 v¥v) 9. (degrees)

! Hyper-K preliminary 2020 zalau 2040
True normal ordering (Known) True normal ordering (known), HK 10 Years (2.7x10% POT 1:3 v¥)

in2 i 3 4 Year
Sirfe,;=0.0218+0.0007, Sif‘8,;=0.528, AE,=2.509x10°eV?/c sin’8,,=0.0218+0.0007, sin°,,=0.528, Am2,=2.509x10eV?/c*



T. Nakadaira

HK Construction Status @ Kamioka

Calendar Year 2024 202 2026 2027 2028
Month 7]8]910]11]12]1]2]3]4a]5]6]7]8]9]10[11]12]1]2]|3]4]5]6]7][8]9]10[11]12]1]2]3]4]5]6]7][8]9]10][11]12] 1]2]3]4][5]6]7]8]9
Cavern ;
excavation Barrel part We are currently updating the schedule
Tank Lining Procuial for the assembly stage and beyond.
N T T T U O O
Support Procurement
Structure L L ]
Detector Photosensorslelec.ltyvek needs
Installation to be supplied to the HK tank.
Water &
Operation

e N

Cavern excavation

7
m i weol ERE B /

Water fank under constructio | Pure-water system: under construction
(~2025, Jul.) (2026, Jul.) (@ 2026, Apr./May.)



T. Nakadaira

HK Construction Status @ Kamioka

2024 2025 20 2027 2028 2029

Calender year

Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Qa4 01 Q2
Cavern Excavation >

Water Tank | T.‘=.|nkI lining >| Structulre Construction >
50cm PMTs Production > l \

= | Assembly
PMT Covers DBSIlng ) 2 Pdeuc‘ll:ion . _
mPMTs Design _—~Production| Asseml:.;iy > .

= ~ - ~ Y Operation

oD 95||gn _ :) Productlpn I Assembly >

= s S
Electronics Design _~ Production | Assembly

Installation

Accelerator/beam : Upgrade . >
IwcCcbD

100 PMT$ X 2 rooms using Super-K electrorfics
i s PN

T — ~

I\/Ias—prod
20-inch PMT We are currently updating the schedule for the electronics and assembly stage and beyond.
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- J-PARC Neutrino Beam for HK &

-

\ P \7 o

30 GeV PS (I\/IR |

/—/ao’fn

Neuttino beaﬁ1 B = WO LG RN Precise meas. of v-N, v -N interaction.

o2 e

% frs N \Zl contamination v, -beam, and vice versa.
; .

3 N

1400

|\/| R & Nu- bea m U pgrade Yy . £ o : ; ‘” IWCD (ntermediate Water Cerenkov detector)
A< ( . "

1200 |-

Q
o
o

Beam Power [kW]

@ HEK St?rt 18 N M Precise meas. of v.-N, v.-N int. with the
Qore 5078 055 som sori20% o8 s0s0 [N Y e ‘ ,{g = "L same detection pr|nC|pIe as Far-detector
e i 7 a8 T s S S5 < Key to achieve HK physics goal.




HK: Construction Status @Tokai - ekadaie

JI:Y2026 JI:Y2027 JFEY 2028

JFEY 2020 JFY2021 JFEY 2022 JFEY 2023 JFE Y2024

_____ L ‘ I W
III Prepar Tunnel

J FY2025
Cavern
Const. '

Tank Detector
excawvation Const. Const.
PMT production

PMT cases, Electronics etc.

Operation

Power-upgrade of J-PARC and Neutrino Beam-line
| I
Near Detector Facility, R&D, production WVVC D construction

-‘rleH-'uw'rvlrr1erX-NU1MWeq.demoﬁ*
1200f | sX 2.7%10' ppp 1120 3 \—mw'

E || + Single shots SX-HD 101 kW l = il 3R =

<1000+ High Rept. Upgrades 8.9x10'3 ppp 100 g RF Cawty

> Jun. 2021- Jul, 2022

& Main Mag. PS, RF, | | FX;NU 900 kW :

S| 800+ Inj/FX, Collimator, : PPP 80

- | etc. | :%U

=

o| 600+ Li 60 |@ ‘"unnnf F
a inac Upgrades "3 Ml capacitor bank
g - étl?_ig;g? 450M9V > 1 ..Oc;) El)n container)
8 400+ 40 2 -
c | | = T S

=| 200} 20 g "——-‘-E-m‘.", Beam Position

] J | i Monitor signal circuit

| 1 :
2010 2012 2014 2016 2018 2020 2022 2024 2026
Operation 3.52s 3.04s 2.565 2.48s »1.36s — » 1.285 —»

cycle  6.00s > 5525 —> 5.20s > 4.245 >

~900kW stable neutrino beam ‘- oc

& ~1MW demo. are achieved. (2026, Mar.) upgrade (~JFY2027) 1.3MW target System CW System,

remote maintenance upgrade



HK: Construction Status @Tokai R

~2month T2K beam time in

Dete Cto r

! Const.

Power-upgrade of J-PARC and Neutrino Beam-line
| |/ | | I
Near Detector Facility, R&D, production IVWWCD construction

JFY2020 JFY2021 JFY2022 JFY2023 JFY2024 JFY2025 JFY2026 JFY2027 JFY 2028 -JFY2027 for TZKQHK NDZSO

L | I |
1 D = : tech./knowledge transfer
Const. l Const
PMT production
A R

excavation
PMT cases, Electronics etc.

Operation

D ete CJ[O r(d eta | | S> ® Central Deployment System @ AC hut

® Floa‘[at|on system (6) OD Readout Electronics,
i 4 (8 OD HV Modules, @ DAQ,
1M etc

Moving
Mechanism

(3) Water Monitoring
System

(@ Water System

® Photogrammetry
Cameras

Civil construction of IWCD site (JFY2025~JFY2027) ;”rzg/'rgszmd“d'o” & Detailed design is in

|
Light Injectors ©) Detector Tank



Summary

« ]-PARC Hadron Experimental Facility has achieved its
intensity milestone of 100 kW.

* A lot of result especially for S=-1 and S=-2 systems.
 More fruits to come with existing beamlines.

« For hadron physics, high-momentum pion beams are being
orepared. In addition, the collaboration is working extensively
to realize the K10 beam.

« Multipurpose use of Hadron Experimental Facility is also
considered.

 Hyper-Kamiokande will start in JFY2028.

Oct 19, 2026 S. Sawawda @M ENU2026 41
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