J-PARrRGC 1
Japan Proton Accelerator Research Complex

R T
J-PARC Hadron Hall B
Extension Project

Experimental
. FSakuma RIKEN ﬁ

Facility
on behalf of HEF-ex TF RIKEN

y oovasel _...._F-——-

"'if\s st-mpzozz o

roject Imple entation Pla

Neutrino EXx : -%I@; >
F acilities

HYP2022, Jun.27-Jul.1, 2022



Origin & Evolution of Matter

Matter-Antimatter : Flavor Physics o e s
CP violation CLANS
Symmetry o weak interaction P> € conversion
matter dominated universe - new physics

@ Hadron Physics
Origin of Matter Creation % quark interactions

formation of hadrons from quarks hadron mass-generation mechanism
Hadron speciroscopy

Meson in nuclel

- Strangeness Nuclear Physics
Matter in Extreme Conditions 4 & | hadron interactions
dense matter in neutron stars r : hadronic many-body systems
f Hyperon-Nucleon scavesns

Hypernuclear spectoscon



Origin & Evolution of Matter
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" J-PARC Hadron Expemm@nt | Facility
P~ is a unique facility
« where we can conduct comprehensive studies
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from ”eIJ mentary particles”
to “high-density hadronic matter” \
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Present Hadron Experimental Facility (HEF)
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Achievements in research at the Hadron Experimental Facility

( Flavor Physics Y Hadron Physics Y | Strangeness Nuclear Physics

Kf — o7 search @ KOTO Observation of an exotic hadron bound A lot of progress in hypernuclear research
. e s system including K- meson - . . .
-> Approaching the SM sensitivity y & - Clarified attractive S=—2 =N interaction
for CP violation -> Established a new direction to and deepened S=—1 AN, XN interactions
KOTO 2016-18 understand meson-baryon int. o »
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Achievements in research at the Hadron Experimental Facility

4 Flavor Physics Y Hadron Physics Y | Strangeness Nuclear Physic
Kf — o7 search @ KOTO Observation of an exotic hadron bound A lot of progress in hypernuclear research

system including K- meson

-> Approaching the SM sensitivity - Clarified attractive S=—2 =N interaction

for CP violation -> Established a new direction to and deepened S=—1 AN, XN interactions
KOTO 2016-18 understand meson-baryon int.
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Future research directions at the Hadron Experimental Facility

Flavor Physics A Hadron Physics Y | Strangeness Nuclear Physics
Search for u=>e conversion @ COMET | Measurement of spectral modification High-resolution spectroscopic study of
(2023~) of ¢ meson in nuclei (2020™) S=—2 =-hypernuclei (2023~)
- Search for charged lepton flavor - Attack mass-generation mechanism -> Provide accurate and systematic

violation of hadrons mformatlon on HN AA mteractlons

Phase-l

Muon Transpon
Soler]oig Proton Beam

(Thu)A Tokiyasu
(Thu)T K.Harada |

Detector : o RR :
Futher research Futher research Futher research

K? - m%v¥ search with further Charmed and muti-strange baryon Ultra-precise spectroscopy of S=—1
sensitivity spectroscopies hypernuclei with cutting-edge spectrometer

-> Explore beyond the SM sensitivity - Establish diquark in baryon ~ J\_ - Extract density dependence of AN int.




Futurd Origin & Evolution of Matter fo Faciiy

ar Physics

Flava

Matter-Antimatter : Flavor Pryses
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Search for u>e
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Origin of Matter Creation \»

formation of hadrons from quarks

Phase-l

Muon
Solenc

Matter in Extreme Conditions Elucidate the nature of
dense matter in neutron stars

extremely dense matter =%

M-e‘conv.
Detector

Futher research Futher research Futher research

0 Charmed and muti-strange baryon Ultra-precise spectroscopy of S=—1
spectroscopies hypernuclei with cutting-edge spectrometer

vV search with further
sensitivity

K)->m

- Explore beyond the SM sensitivity - Establish diquark in baryon ~ J\_-> Extract density dependence of AN int.
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Hadron Experimental Facility €Xtension (HEF EX) Pro;ect

\
Srocert HEF Expand research programs at the ‘Exten “od HEF r 10 B

(2009~) Hadron Experimental Facility tO explore > P S
Origin & Evolution of Matter HIHR“ \
more deeply NG

3 v 20 B
. e

1 production target (T1)

1 secondary-charged beamline (K1.8/K1.SBR>X
1 neutral beamline (KL) | 4+ 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 (720), Test-BL)



Extract density dependent AN interaction

Ultra-high-resolution A hypernuclei
spectroscopy
* intense dispersion matched m beam

D Systematic AN scattering measurement
* intense polarized A beam

Investigate diquarks in baryons 1

A4t High-resolution charm baryon spectroscopy
(20) * intense high-momentum 1 beam

@ High-resolution multi-strange baryon
spectroscopy

* intense high-momentum separated K beam

Search for new physics beyond the SM

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

7

Expanded Research

Programs
at the Extended Facility

(Wed)H.Tamura |

(Thu)S.N.Nakamura

(Tue)K.Miwa

(Wed)F.Oura || (Thu)M.Ukai

high-p inZO)

(Thu)K.Kamada
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Strangeness Nuclear Physics: Hyperon in Dense Environment
Why can heavy neutron stars exist?
» Hyperons (A, Z, ...) emerge in dense neutron star matter?
ANN 3 Baryon Force is a key

Past measurement @ KEK-PS
Low H:-mty 5 208Apb AE ~ 2.2 MeV - +++ +‘H'

/heavy A hypernucleiN% o3 [No sufficient resolution

A binding energies (B,) ‘
— density dependent

% AN interaction :

1 s

y _ - We need precise G e s
____________________________________ measurements SRR N 1

0 | [ @ \ ” v

0 U ép/poé a 5 ‘.°
We need to determine
a tiny fraction of 3 Baryon Force effects

T T T
symmetric nuclear matter

3004 D- Gerstung et al., Eur.
Phys. J. A(2020) 56:175

ga

eutron
proton

Low density

High density



Strangeness Nuclear Physics: Hyperon in Dense Environment

Counts /0.1 MeV
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5000

4000

3000

2000

1000

Why can heavy neutron stars exist?
» Hyperons (A, Z, ...) emerge in dense neutron star matter?

Need separation of each A orbital state

Illllllllll!lIlllllllllllllll]

Simulation
208Pb HIHR
AE = 0.4 MeV

High density

(SN

hA

3 il)likli:1

5 10

A

eutron
proton

Low density

I Past measurement @ KEK-PS J
a | 1T

208 Pb  AE~2.2 MeV

1

Low density

3
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Strangeness Nuclear Physics: Hyperon in Dense Environment

Why can heavy neutron stars exist?
» Hyperons (A, Z, ...) emerge in dense neutron star matter?

Ultra-high-resolution A-hyp. spectroscopy HIHR beam line (High-Intensity High-Resolution)

Counts /0.1 MeV

6000 [ First dispersion-matching beam line in GeV energy
: Simulation 7
5000 298pPb HIHR 9n . i R Y W B 11
- 0 SRR i
o AE = 0.4 MeV L }
4000 — -
:’ fr ~2000 — Y
3000 [~ wE " for beam (mct,K*)
- dn | | B : ]
2000 [ L\v om0 ‘ \a& Q, S magnets for dispersive
C X iti e
—— » 100 condition P
- l Ap/p 10/\{ 4} Achromatic Focus point

_ A L L L . L . . . . L L L L L L . L . I
5 10 100—0POOOO -5000 O 5000 10000 15000 20000

A * No need for beam tracking up to 2 GeV/c

eutron * Intense wbeam of > 108 /pulse

t . .« .
PPN @ Break through the resolution limit:

High density Low density
~2.2 MeV - better than ~0.4 MeV (FWHM)



Strangeness Nuclear Physics: Hyperon in Dense Environment

Why can heavy neutron stars exist?
» Hyperons (A, E, ...) emerge in dense neutron star matter?

Ultra-high-resolution A-hyp. spectroscopy HIHR beam line (High-Intensity High-Resolution)

6000 [ - First dispersion-matching beam line in GeV energy
E imulation
= 208 SN 0 458 pg pown
é 5000,é | fl;AI:AIeI—‘IIR E — _____= sl f‘ilﬁ?fm? ﬁ : giﬂ’uﬁﬁf } oo _
= -4000IF @ very preC|se data of ¥
— E + K+
5 o0of 1 A-binding energies @ HIHR orbeam  KUNLY
§ 5000 : & for dispersive
: 2-body AN interaction @ K1.1 Achromatic Focus polnt

k. Density dependent AN interaction : up to 2 GeV/c

) E—— —
‘_‘1 r:.‘— - S

IaNN21a N2l aT2321aaWaY DI B ) b U Ise

> understandlng neutron stars YFESNEETEEgTI,
High density ow density

4

~2.2 MeV - better than ~0.4 MeV (FWHM)



Behaver of non-perturbative QCD in low energy regime 9

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) ’

Establish a diquark (ud)
A7: Disentangle “collective motion of ud” ..
and “relative motion between u and d” (\! _u,d’d"q““’k
u

Ac

Production rate of charm baryon

700% *Sin;mlationé ................. ....... Ac:(2625)+: m /[:Sompe shift — 0'-.de}.7. {nt. \ p |
600 :_ ] L=2 5/2+ o» . quuark
coof AF T e 3/2+
= | f s ) .. A
400 z_ j\éc(2595)§+... A(2880)" - 1 L=1 e :;g—
300 ;_ | AAAAAA ol AAAAAAAAAAAAAAAA MQ >> mq ) ) Charm quark
200 i_ N ................ A (2940)*’\ 1/2+
R L ) e » “production rate” and “decay rate” will
2.2 2.3 2.4 25 26 2.7 2.8 2.9 3 . ° . .
provide us information on diquark

Mass of charm baryon [GeV/c’]
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Behaver of non-perturbative QCD in low energy regime

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)

Establish a diquark (ud)
A7: Disentangle “collective motion of ud”
and “relative motion between u and d”

» Multi-Strange Baryon Spectroscopy

with intense high-momentum K beam @ K10

Diquarks in different systems
E*: us/ds diquark
Q*: the simplest sss system
— diquark is expected to be suppressed

diqu;rk

*
® =~
P N
(”ldiquark

Q*
S

Systematic measurements of charm and multi-strange baryons

will reveal the internal structure of baryons through the diquarks



Flavor Physics: New Physics Search at KOTO Step-Z10

Is there new physics beyond the Standard Model?
0., * Directly break CP symmetry

0
. —
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%)

N\ 30GeV Experimental area

d

" koto Branching ratio (BR) A ' L\ e e Im StEp -2
1 0-8 L 1 st collimator ®
: T2 target . .
2015 (<3 X 10°9) S Extraction angle: New physics search with
Another magnet at most downstream Id’s highest senSitiVity
o N rermagneatmost 16 deg > 5 deg wor
2016-18 KOTON o more than 100 times
e Intense neutral kaon beam @KL2 (~x2.6)
iming to observe
10-10-88  O(100) SM events . ® Discover the
In 5 years —':'T':'SM".(sz;x;'1_(f‘§)t . K, = m’vvsignal with 50
1o B ’ ® Measure the branching
ratio with 30% accuracy
In 3-5 years . . .
1012 8 T > Indicate new physics, if
Om 3m 6.5m 15m 20m . e
Y p ° deviation form the SM > 40%
Ultra-high sensitivity detector (~x70)




Status and Timeline

of the Extension Project



Present Status of the Project

One of the candidate projects to be funded:

2012, 2014

> MEXT Roadmap 2020 I
>Science Council of .lapan Master Plan 2020

-

The project was selected as the top-
priority project to be budgeted in

the KEK's mid-term plan (FY2022-26)
at KEK-PIP2022 (Project Implementation Plan)

[will be publlshed soon]
QY KKE K 5t cneroy Acceiorstor Research Organization

*  About

News Room Facility Research Collaboration Education Come

Home » About > KEK Scientific Advisory Committee - KEK Roadmap + KEK-PIP

https://www.kek.jp/en/About/Roadmap/

KEK Scientific Advisory Committee - KEK Roadmap -
KEK-PIP

The project will s

About

+ What is KEK?

* Roadmap - PIP

taking into account beam-dump relocation

Facility Preparation Status (l)
Building and Civil Engineering Design

By Nikken Sekkei Ltd. (2018)
Building expansion plan

Realistic site development plan
based on site level survey

art |

Present indirect water

>

L3
L=

t i’ i
-

t_@

12

Facility Preparation Status (ll)

cooling fixed-target Direct He-gas cooling rotating-
max. 95kW (5.2s cycle) target, under development

s Optics of Extended A Line
! ( ¢346mm

Toward max. >150kW < i 4 2 |
primary beam = - o
(EH@I— 3T
- demonstrate the
proposed design in - :lzl ln"\m
FY2021 A

n] ﬁ"LIJIJIJ “\ \ ljm]gj @@mjll ‘ough both T1/T2 targets

AR—5 R A S—R 4L ERE
ggggg

35W



https://www.kek.jp/en/About/Roadmap/
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Timeline of the Project

FY2022 | FY2023 | FY2024 | FY2025 | FY2026 | FY2027 | FY2028 | FY2029 | FY2030 | FY2031

MR accelerator HK start
Upgrade construction parallel to beam operation in the first 3 years,

beam-suspension in the next 2.5 years

The Extension Project of H..n Exeimena Fary (6 yeQrs)

Hadron —

Hall Current Programs Hall Extension Expanded Programs

with SX Power towards 10Q ith more beam lines
COMET m

We will start the project in FY2024

|

I

o S covmmnior 3

| I |
= We are working on getting the timeline consistent with current programs



Summary of the Extension Project of
the J-PARC Hadron Experimental Facility

® Unique research programs both in particle and nuclear physics
at high-intensity frontier

® World’s leading research programs in the fields,f’
of strangeness-nuclear/hadron/flavor physics ¥

® Top-priority project at KEK-

PIP2022 / Progress in facility-side " —~ ﬁ@fl
preparation 4N\ S a7 K1-1/K1-1
- The project will start in FY2024 2o High-p (120) /”dha“
o’ nde
Stay tuned! » exte’




‘Thank you for your attention!
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