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Hadron Experimental Faclility (Current Layout)
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Hadron Experimental Facility (HEF)
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Beam Experiment Secondary particles | Max. Mom. Max. Intensity
Lines
K1.8 Hypernuclei, n, K, p (2 separators) <2.0GeV/c ~10°Hz for K*
Hadron Physics with S

K1.8BR Hadron Physics with S w, K, p (1 separator) <1.0GeV/c ~10%Hz for K*
K1.1BR Lepton Flavor violation n, K, p (1 separator) <1.1GeV/ic ~10%Hz for K*
KL Neutral K rare decay Neural Kaon ~ 2 GeVlc ~106 Hz

Intense Kaon Beam in the momentum range of ~ 1 GeI\//c
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o Py Origin and evolution of
L L (quark) matter in Universe
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L
Nuclear/Hadron Physics at HEF

- Modern picture of nuclear force based on QCD
- Hypernuclear spectroscopy — YN/YY int. < lattice-QCD
- y-ray spectroscopy(E13), double-strangeness system(EO03/EO05/EQ7/E42)
- YN scattering (E40)

- Hadrons in vacuum and medium
- Exotic hadrons (E19)

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

+ meson-mass spectroscopy (E16)

- ANN three-body force

- Phase diagram and Equation Of State (EOS) of quark (hadron)
matter
- low-T high-p region — Strangeness physics
 n-rich A-nuclei (E10), multi-strangeness, KP&'N interaction (E15/E17/E27/E31)

- Hadronization phase — Hadron physics
- exotic hadrons (E19) , charmed baryon spectroscopy (E50)

Blue: performed or on-go
Red: plan



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)
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PRL 109, 132002(2012)
PRC 90, 035205(2014)
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- 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) )
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Results (2)

Experimental Method
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« 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

Formation

exclusive measurement by
|Missing mass spectroscopy|
and

T

0201 __00

o/dQ/dM x Apg (ub /srMeV)
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140F—........ Binding Energy [GeV]._ 4 . -

Significant enhancements were
1/ observed in a bound-region

“semi”-inclusive
~10MeV/c? resolution

K%-tagged x 8

Contribution of X—nn _
(No other contribution in a bound-region due to
kinematical limitations)
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53 24 25
3He(K',n)X missing mass (GeV/c?)
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Restart of Hadron Beam Operation
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Development of Beam Intensity

Beam Intensity
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Accumulated beam time and intensity for HD

Feb, 2009 - May, 2013: 1.26x10"6 spills, 560 kw*days <«—Before May, 2013
Apr, 2015 - Dec, 2015: 1.05x1076 spills, 2338 kW*days «During 2015
May, 2016 - Jun, 2016: 0.33x1076 spills, 875 kW*days <«May — June, 2016




Beam time used by experiments in 2015
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PHYSICAL REVIEW LETTERS

moving physics forward

Highlights Recent Accepted Collections Authors Referees Search

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 -
Separatio
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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S
Unseparated Secondary Beam

Noumi
Prod. Angle = 0 deg. (Neg.) Prod. Angle = 3.1 deg (Pos.)
» 1.0E+09 ., L.OE+09
b)
» 1.0E+08 0 1.0E+08 .
@ s - 2 &
= 1.0E+07 7 T2 1.0E+07 /ﬁ
32 1.0E+06 = > 1.0E+06
© 1.0E+05 // - k- O 1.08+05 . K
1.0E+04 / / 1.0E+04 /
' / / Pbar /
1.0E+03 ‘ ‘ ‘ 1.0E+03
0 ) 10 15 20 0 5 10 15 20
[GeV/c] [GeVi/c]

* Sanford-Wang:15 kW Loss on Pt, Acceptance :1.5 msr%, 133.2 m



“GPD” and “Transition GPD”

*Tp-o>ymn *K'p—=>yA

et p o VA" * K™p —» y"A(1405)
T n->YyA” * K"p - y'A(1520)
T n - y'p e K n- y'X~

° T[+p N Y*A++

o -+ * A+
T n->vyA 7. K
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2
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 ChangJr
Institute of Physics, Academia Sinica, Taipei 11529, Taiwan

Shunzo Kumano®
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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

_ 2m . RinglImage
Cherenkov
Internal TOF FM magnet
~__ Counter _pecay p(rtt)
Internal DC K .
LH,-target / N

20 GeV/c Beam GC

Beam

Fiber tracker Y] <60[]

TOF wall

Internal TOF s

| |

Scintillator Muon
trigger device

Acceptance: ~ 60% for D*, ~80% for decay ©*
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Resolution: 4p/p~0.2% at ~5 GeV/c (Rigidity: ~2.1 Tm)



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
---- Exclusive DY ---- Exclusive DY ---- Exclusive DY
------- Inclusive DY e Inclusive DY e In€lusive DY
80— Jhy 80— Jhy 80— Jiy
< — Random BG < — Random BG =~ — Random BG
G G G
Pt 60— Pt 60— Py 60—
S < <
3 3 3
2 0 2 a0 2 a0
c = c
@ @ o
@ @ m
20— 20— L 20
ol ! e P T 0 il ol e S DR ° il I N DO
0.75 1 1.25 1.5 1.75 0.75 1 1.25 15 1.75 0.75 1 1.25 1.5 1.75
My (GeV) M, (GeV) M, (GeV)
(a) (b) (c)

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

100

do, /dt (pb/GeV?)

Pn=1 0 GeV Mw:d .5 GeV

FIG. 15.
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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.
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GPD with pion beams at J-PARC

J-PARC 10-20 GeV

Q® or Q7 (GeV?)
[47]
I

N— =———
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0 01 0.2 0.3 0.4 0.5 0.6 0.7
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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 in December.

The high-momentum beam line is under caonstruction, and will be available in
a few years.

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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