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This Chinese poem by Z¥H (701 — 762), describing the Yellow Crane
Tower (Z#5#%) here at Wuhan, is learned at every high school in Japan,
so that many Japanese people know this place. Thank you for giving me a
chance to come this famous place, and discuss hadron physics.
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Goals at J-PARC

’ Muon gp)
Pion (m)
Target Nucleus - \

Proton (p) [

Neutron (n) ‘ Neumng\( )

O m==p-

Proton (p)
3 GeV, 50 GeV

0 & Anti Proton (p)

Need to have high-power

proton beams Neutron (n)

— MW-class proton accelerator

o Materials & Life Sciences at 3 GeV
(current frontier is about 0.1 MW)

Nuclear & Particle Physics at 50 GeV —
L R&D toward Transmutation at 0.6 GeV
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T2K: Tokai-to-Kamioka
long baseline neutrino
oscillation experiment

~500 members from
29 institutes in 11 counirie.

Barral ECAL




Nakadaira

Neutrino Osclillation is one of the most hot topic.

@ The Nobel Prize in Physics 2015
Takaaki Kajita, Arthur B. McDonald

Share this: BEI LI EE 1.7

The Nobel Prize in Physics
2015

Photo: A Mahmowd
Takaaki Kajita

Prize share: 1/2

Phota: A Mahmowd

Arthur B. McDaonald
Prize share: 1/2

The Nobel Prize in Physics 2015 was awarded jointly to Takaaki
Kajita and Arthur B. McDonald “for the discovery of neutrino
oscillations, which shows that neutrinos have mass”

Photos: Copyright € The Mobel Foundation

Neutrino oscillation is the
phenomena beyond the
standard model of the
particle nhvsics.

BOARD TROPHY EVENTS MOMINATIONS WREWS CONTACTS  seach

BREAKTHROUGH COMMITTEE PRIZES LAUREATES AULES

LAUREATES

Breakthrough Prize  Special Breakthrough Prize  Mew Harizons Prize  Physics Frontiers Prize

WE 015 2014 2 092

- . Kgichir Mhikswa snd
- ! th K25 g T2
N
Collabaration
ik ® Takssaki Kajiea arcd the b
Sipe K Cobiposiios E
"

BREAKTHRIUSH

BREAKTH I UEH
JUREIR

BOARD TROPHY EVENTS NOMINATIONS MEWS CONTACTS  sewch

BﬂEl.I!I'.TI-IRDdGH o COMMITTEE PRIZES LALREATES RULES

LAUREATES

Kaichira Mishikawa and the K2K and T2% Collabaration

A ation when warded Breskthion i Frize: KER: Migh Erengy Acoebzuaior Resesrh Drgariation

Citaor: For the fundar ¥ vof

revvmaling & new frontisr beyond, snd powibly fsr begond, the viardard mocsl of

Accmptance Remarks: | thank my HIH and T2E collaborston far their mceptonel work and dedication to e axpedmenta. | thank the ponesning Japeness
highrerergy physichis for their hard efforts ne nealine a highresengy peonos acod evator bs 1579, and the KEE scoekeior groep for e insowsnive sfonms m
irnpoue i Twed decadhes late, Thee sucoetshel operation of th rew J-PARC accebeaion wis made possibie by the b o Ty ol 1
J-RAAC | rhurk vha e Vo Tonsska, who rade sy possitde oFon oo sepparn Baorh MIH and TIK b thesi wery b rodags, ar spodes g of Rupss
Mamickands anc laier axaliecion genersl of K, D thani Wiectako Sugamans. e msde determination o ol critcal phases of the K34 anc TIK ax Direcoor Gereral
of KD, K55 the musn neur crcherasd in b rin extlon by In ackdition, & shossed the

un papecied in cill TIK chasred retrinn meilistion, whers both intisl asd fnel favor
i ied i e, Wi v it on vl iluichis el s s el e conubitint with The wan daed “Thnes ga meations schemsa” Uidng meoans cwillation i osl
Turther stedies may soha the keng standing myseny of the twee genenatien, anddor regelee consection of the standand view. | bope fother sudies and

innovarions by sy voung ool il heand o b e i oM ng Yeaes. Last bt ned least, | wonskd 1B 1o thank iy sife and Fasily for ther padence.

diaprsararce rats hay ey




Hadron Experimental Faclility (Current Layout)

T 1 Target
(30/50% Loss)

® 50GeV Synchrotron \ ) “E ;ﬂ E

Extension

SM1 TO
(2% Loss)

0.1% Loss)

T

Switchyard

Hadron Hall Beam Dump



Hadron Experimental Facility (HEF)

Secondary particles Max. Intensity
Lines

K1.8 n, K, p (2 separators) < 2.0GeV/c  ~10° /spill for K-
K1.8BR n, K, p (1 separator) <1.1 GeV/c ~10°/spill for K-
KL Neutral Kaon ~2.1GeV/ic ~107/spill

Intense Kaon Beam in the momentum range of ~ 1 GeV/c




2 hypernuclei

AA hypernuclei
B-atomic X-rays

A hypernuclear y rays
Neutron-rich A hypern.
Pentaquark ®* search

2

K-pp bound states
K-atomic X rays

Kpp bound state

> ’ ! 7-‘.2-;“,
4 — .- <
- L “-"‘"')", \ ",‘_u -
. ——— ——

= KO rare decavs
== ”

=%

&
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phi meson mass
" in nuclei

=

=

30 GeV |
primary beam

COMET: p-e conversion search




Number of Users/Institutions (as of 2015) | domestic

abroad

K1.8
70 users/10 Inst.
+ 35 users/38 Inst.

KL

37 users/7 Inst.
h,

=] + 32 users/9 Inst.

K1.8BR
30 users/9 Inst. [P
+ 10 users/9 Inst. |

» |1 16 users/4 Inst.
+ 18 users/9 Inst.

54 users/8 Inst.
+ 95 users/25 Inst.

Total
249 users/53 Inst.
+ 210 users/95 Inst.
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Nuclear Physics :
Study of quantum many-body sy

bound by the strong interaction

S.N.Nakamura



Nuclear Physics :

Study of quantum many-body systems
bound by the strong interaction

o > Inter-
Nuclear Saturation | | mediate

Supernova Explosion

—
=
Q
=
—
-
N
o
o
—=

Nucleosynthesis
Abundance of elements

Long Distance

Short Distance

Low Energy
High Energy
Quark color magnetic Heavier meson / Yukawa Potential
multi © exchange one 1 exchange

Baryonic Force
S N.Nakamura QCD Realistic Nuclear Forces Models



Nuclear Physics :

Study of quantum many-body systems
bound by the strong interaction

Quark DoF ; Inter- Nucleon DoF
mediate
u, d sector:
> Region 2 i NN scattering Exps.
=
Febizy Spectroscopy S 'repulsive U, d - S sector:
2 ] | Spectroscopy of
Hypernuclei

Shoit Distance

Loing Distance
High Energy

Lovs E.nergy

Quark color magnetic Heavier meson / Yukaw:: otential
g

multi © exchange one 7 2xchange
Baryonic Force

S N.Nakamura QCD Realistic Nuclear Forces Models



L
Nuclear/Hadron Physics at HEF

- Unified understanding of baryon-baryon forces 6 o-
- Meson exchange picture / quark pictures
- Origins of short-range nuclear forces — K, 2m, ,
- Test lattice QCD calculations o g

- Structure of various hypernuclei
* y-ray spectroscopy(E13), double-strangeness system(EO3/EOQ5/EQ7/E42)
- YN scattering experiments (E40)
- YN, YY, Kba'N interactions in nuclear matter
- High density matter in neutron stars
- Baryon properties in nuclei
- Structure of various hypernuclei (E10)
- Kaonic nuclear bound states (E15/E17/E27/E31)
- Hyperon properties in nuclei
- Hadrons in vacuum and medium
- Exotic hadrons (E19)

- In-medium property of hadrons
— Chiral Symmetry Breaking (CSB)

+ meson-mass spectroscopy (E16)
- Charmed baryon spectroscopy (E50) 0.1

Blue: performed or on-going
Red: plan

0.01




Results (1)

- E19:Search for ©* by n=+p—K=X 2010 Jan.201.
- No peak was observed E  Eoaeony | TP oK X at2.01 GeVic
- U.L. of cross section : 0.28ub/sr ]

- U.L. of ®@"width: 0.36 (1.9) MeV for %2 * (¥27)

s
[}
=

Counts / (MeV/c")

PRL 109, 132002(2012)
PRC 90, 035205(2014)

I T e Sl I
1.50 1.55
Missing Mass [GeV/c?]

- E10:Neutron-rich ¢,H via the 6Li(n~,K*)
- No peak was observed
- U.L. of cross section :1.2nb/sr
< Observation of 3 candidates
by FINUDA ( PRL 108,04251(2012) )

B

I$III

-
ryrrri

5550 S8
H'I.l-lﬂlu [BeVic?]

el

5‘Iﬂﬂ
Mvlissil nngs[M eVie?]

Ilglll

T, YA M [nbisr/(MeVie?)]

PLB 729, 39 (2014)




Results (2)

Experimental Method

o
4 A
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amy -
2 »~
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A 4 -~
s, e

« E27: Search for K-pp bound states by
the d(=*,K*) at P_.=1.7GeV/c

Jun. 2012 o
Missing mass spectrum is obtained with two protons tag @
Observation of “K-pp”-like structure
PTEP 2015, 021D01 (2015) g ¢ o
Binding Energy i (stdt.) (syst.) MeV y"'-. 0
Width 3?162 .sstat.)  (syst.) MeV Y
~45 78 _Missing mass spectrum
A positive signature of K-pp bound state %“*‘*55 ~ -L
was obtained. Comparison with other = A(1405) B-+p+p
experiments and theoretical studies are T Lk H|
necessary and important to establish K- Soosk |
pp bound state. Fo2f J ‘m
Analysis of inclusive spectrum was also J 3
published. s 0F ;
PTEP 2014, 101D03(2014) GoosE /
O >N-AN cusp ‘% 0 Bl b b
2 21 22 23 24 25 286

O Shift of Y* bump MM, [GeVic?]
i evic



Results (3)

E15: Search for K-pp bound
states by the 3He(K-,n)X—Ap

1st- stage RUN with 1% of the proposal

arXiv:1408.5637 [nucl-exMay 2013

PTEP (2015) 061D01
PTEP (2016) 051D01
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“semi”-inclusive

----- ~10MeV/c? resolution

K%-tagged x 8

Contribution of X—nx

kinematical limitations)

71— Accidental

23 24 25
3He(K',n)X missing mass (GeV/c?)

NO
o

26

exclusive measurement by
|Missing mass spectroscopy|
and

Significant enhancements were

bound-region

(No other contribution in a bound-region due to




Restart of Hadron Beam Operation
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Development of Beam Intensity

Beam Intensity

45 4000 _
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Feb, 2009 - May, 2013: 1.26x10"6 spills, 560 kw*days <«—Before May, 2013
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May, 2016 - Jun, 2016: 0.33x1076 spills, 875 kW*days <«May — June, 2016




Beam time used by experiments in 2015
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EDITORS' SUGGESTION

H *He Observation of Spin-Dependent
Charge Symmetry Breaking in AN
Interaction: Gamma-Ray Spectroscopy
of iHe

The energy spacing of the spin-doublet states in the iHe

hypernucleus indicate a large spin dependent charge
symmetry breaking in the AN interaction.

T.O. Yamamoto et al. (J-PARC E13 Collaboration)
Phys. Rev. Lett. 115, 222501 (2015)

Press-released from Tohoku U., KEK, JAEA, J-PARC
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E13 setup at K1.8 o
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Charge Symmetry Breaking puzzle in hypernuclel

3H / 3He binding energy
difference due to strong int.
~60 keV

SHAA_____ N _\- “He + A
Measure
B, diff.in 4,H /4, ,He of with Ge
. + ,
350 keV is too large. 1T O06x004f s 1t detectors
. B et
172 {1.00x002 | M1 M1 "L 20 N
3 T ot 1.15%0.04 |, 1/2
H - 2.040.04 gt °H
2.12+0.01£0.09 > 391003 e
) 4 .39+0.
T AI_ ¢ 4 He
B, A

Measured at Maniz &lp (MeV) &
n

A. Esser et al.,
PRL 114 (2015) 12501 Old emulsion data—"° systematic errors given

M. Juric et al. NPB 52 (1973) 1
4-body exact calc’s with A-X mixing Experimental confirmation of

using Nijmegen BB interaction models failed CSB is necessary
=> Long standing puzzle
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Results R
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- T
7.0410.04 o N A N
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=> Existence of alarge CSB effect ol (115000 meV |
. i Bedjidian et al.
confirmed only by y-ray data 0+ PLB 83 (1979) 252 -
Combining with AB,(1*): 0.0320.05 MeV for TR TP el 4
emulsion data,  AB,(0*): 0.3520.05 MeV G TR TS T
160 ¢ = (d) bound region
=> Large spin dependence in CSB found : i Doppler comrected
. » . 5 P He: 10 (1406
: CSB is sensitive to £ mixing. B0 i iHe: T07(100
=> - - o - Present data
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PRL 115, 222501 (2015) PHYSICAL REVIEW LETTERS 27 NOVEMBER 2015

E4

Observation of Spin-Dependent Charge Symmetry Breaking in AN Interaction:
Gamma-Ray Spectroscopy of 1He

T. O. Yamamoto,' M. J-flxgnutzl.l«t:u13 Y. Akazawa,' N. Amano,’ K. Aoki,” E. Botta,™® N. Chiga,' H. Ekawa.” P. Evtoukhovitch,®
Al 11"-‘:].'1«:'1{:].lv'.:l,3 M. l;ujila,' T. Gﬂganﬁ,? S. Hasegawa,g S.H. Ha}'akawa,m T. Hayakawa,m R. l-lv'.:lnda,ml K. Husami,g
5. H. Hwang:} N. lchigc,' Y. lchﬂ(awa,q M. Ikcda,' K. lmai*q s. lshinmtan,5 5. Kanalsuki:" M. H. Kim,” S. H. ij,”

5. Kirjl:nara,IE T. Kc:ikc,' LY. L;r:we,I3 5. I'\.’larccllcu,j'ﬁ K. Miwa,' T. Mm:un,I3 T. Nagac,? S. Nagao,' Y. Nakada,m
M. Nakagawa,m Y. Ogura,' A Sakaguchi,m H. Sakﬂ,q Y. SasakiT' 5. Satof T. Shiozaki,' K. Shirﬂt-:]rLI4 H. Sugimura,q
S. Sutﬂ,' S. Suzuki,5 T. "l’al::ahas;hi,5 H. Tamura,' K. Tanabc,' K. Tanida,g Z. "I':;arrmlaid::c,E M. Ukai,'
Y. Yamamﬂm.' and S. B. \i’angI3

(J-PARC E13 Collaboration)

lDepamnem of Physics, Tohoku University, Sendai 980-8578, Japan
r"Dipar?imemo di Scienza Applicate e Tecnologica, Politecnico di Torina, Corse Duca degli Abruzzi, 10129 Torino, ltaly
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“Faculty of Education, Gifu University, Gifu 501-1193, Japan
“Department of Physics and Astronomy, Seoul National University, Seoul 151-747, Korea
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The energy spacing between the spin-doublet bound state of {He(1*,0%) was determined to be
1406 + 2 + 2 keV, by measuring y rays for the 17 — (" transition with a high efficiency germanium
detector array in coincidence with the *He(K~, z7)} He reaction at J-PARC. In comparison to the
corresponding energy spacing in the mirror hypernucleus {H, the present result clearly indicates the
existence of charge symmetry breaking (CSB) in AN interaction. By combining the energy spacings with
the known ground-state binding energies, it is also found that the CSB effect is large in the 0" ground state
but is vanishingly small in the 1+ excited state, demonstrating that the AN CSB interaction has spin
dependence.

DOL: 10.1103/PhysRevlen.115.222501 PACS numbers: 21.80.+a, 13.75.Ev, 23.20 Lv, 25.80.Nv
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EDITORS' SUGGESTION

H *He Observation of Spin-Dependent
Charge Symmetry Breaking in AN
Interaction: Gamma-Ray Spectroscopy
of iHe

The energy spacing of the spin-doublet states in the iHe

hypernucleus indicate a large spin dependent charge
symmetry breaking in the AN interaction.

T.O. Yamamoto et al. (J-PARC E13 Collaboration)
Phys. Rev. Lett. 115, 222501 (2015)

Press-released from Tohoku U., KEK, JAEA, J-PARC
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New Primary Proton Beam Line

- New primary Proton Beam Line

= High-momentum BL + COMET BL = 17
has been funded and the construction " ;]nﬂ" JHF
started. | High—p -
Separation
M?Jw,/ e ==L -
}% (227, ", ™y
= High-momentum Beam Line 2 VA = s
— Primary protons (~10%° — 10%?pps)
 E16 (phi meson) is considered to be COME
the first experiment. I
— Unseparated secondary particles (pi, ...) = COMET
» High-resolution secondary beam by — Search for u to e conversion
adding several quadrupole and — 8 GeV, 50 kW protons
sextupole magnets. — Branch from the high-momentum BL

— Annex building is being built at the
south side.



Secondary beams

Thin production target!
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Unseparated Secondary Beam
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* Sanford-Wang:15 kW Loss on Pt, Acceptance :1.5 msr%, 133.2 m



“GPD” and “Transition GPD”
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GPD with pion beams at J-PARC

PHYSICAL REVIEW D 93, 114034 (2016)
Accessing proton generalized parton distributions and pion distribution
amplitudes with the exclusive pion-induced Drell-Yan process at J-PARC

Takahiro Sawada’ and Wen-Chen Chang’
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FIG. 10. Differential cross sections of exclusive Drell-Yan events, Eq. (20), as a function of |t - .r0| at M it = 1.5 GeV for P, = 10,
15, and 20 GeV with the input GPDs: (a) BMP2001 and (b) GK2013.



J-PARC E50 Spectrometer + MulD
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GPD with pion beams at J-PARC

Experimental conditions:
4g/cm2 H2 target, 1.83/1.58/1.00E7 p-/spill (for 10/15/20 GeV beam), 50-day

beam time.
et p— ey P=10 GeV ek p— ey P15 GeV 100 ——+al P_=20 GeV
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FIG. 14. The Monte Carlo simulated missing-mass My spectra of the p"p~ events with M- - > 1.5 GeV and It — 1] < 0.5 GeV? for

P, =10(a), 15 (b), and 20 (c) GeV. Lines with different colors denote the contributions from various sources. The GK2013 GPDs is
used for the evaluation of exclusive Drell-Yan process.



GPD with pion beams at J-PARC
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The expected statistical errors of the exclusive Drell-Yan measurement for two GPDs inputs, BMP2001 (black) and GK2013
(red), as a function of |t —fy| in the dimuon mass region of M,+,- = 1.5 GeV for 10 (a), 15 (b), and 20 (c) GeV beam momentum.



e
GPD with pion beams at J-PARC

J-PARC 10-20 GeV
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FIG. 16. The kinematic regions of GPDs explored by the experiments at JLab, HERMES and COMPASS and J-PARC (exclusive
Drell-Yan). The region is either [Q%, x] for spacelike processes or [Q, 7] for timelike ones.

Letter of Intent to J-PARC being prepared.
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Hadron Hall Extension
- Extend the Hadron Hall for ~105m.

- Construct 2 production targets with beam lines.
From discovery to

measurement of KO rare
decay

Single strangeness

experiments to explore

generalized baryon-baryon m
Interaction

Spectroscopy of multi-
strangeness and charm
systems



Hadron Hall Extension

- Hadron Hall extension has been proposed to the Science Council of
Japan for their recommendation as a next big project, and selected as
one of the 27 important big projects.

- Areview committee at MEXT selected the J-PARC future project
including the Hadron Hall extension as one of the 11 major projects
on its roadmap.

- The Institute of Particle and Nuclear Studies, KEK has made the
discussion for future projects (ILC, neutrino, and Hadron extension) at
the research program committee, and they have concluded that the
Hadron extension should be promoted, as well as other projects.

- At the discussion of the KEK Project Implementation Plan, the Hadron
Hall Extension was assigned a priority to realize.



Summary

The beam operation at the Hadron Facility restarted from April, 2015.

The beam power at the restart was 24kW, and then improved gradually to
42kW. The Hadron Experimental Facility is now in the era of K-induced
experiments.

The high-momentum beam line is under construction, and will be available in
a few years, for hadron phsics experiments.

An experiment to measure nucleon GPDs with pion beams is being planned.

The extension of the Hadron Hall has been proposed, and got a good
message from initial reviews.
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