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Location of J-PARC
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Goals at J-PARC

Need to have high-power
proton beams

→ MW-class proton accelerator
(current frontier is about 0.1 MW)

R&D toward Transmutation at 0.6 GeV
Nuclear & Particle Physics at 50 GeV
Materials & Life Sciences at 3 GeV



Hadron Experimental Facility

Hadron Hall

50GeVSynchrotron

Beam Dump

50GeV Tunnel

Ｔ１ Target
(30/50% Loss)

Test BL

Hi-P BL

Extension
SM1

(2% Loss)
T0

0.1% Loss)

Switchyard
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Primary Beam Line: PTEP 2012, 02B008 Gold (6-divided)

Proton beam

Cooling
water

Target replacement using 
target driver

Copper

Stainless-steel

66mm
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Development of Beam Intensity

Accumulated beam time and intensity for HD

max: 51kW

※spill: # of beam shots to HD

Before accident (Feb, 2009 – May, 2013) 1.28x106 spills 568 kW*days

JFY2015 run (Apr, 2015 – Dec, 2015) 1.07x106 spills 2365 kW*days

JFY2016 run (May, 2016 – Jun, 2016) 0.34x106 spills 893 kW*days

JFY2017 run (Apr, 2017 – Feb, 2018) 0.81x106 spills 2039 kW*days

JFY2018 run (Jun, 2018 – Mar, 2019) 0.76x106 spills 2321 kW*days

JFY2019 run (Apr, 2019) 0.25x106 spills 765 kW*days



Secondary Beam Lines
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Shutdown for new high-p BL
56m

K1.8: 46m, <2.0 GeV/c, double 
electro-static separators

K1.8BR: 31m, <1.1 GeV/c, 
single electro-static separator

KL: neutral beam line dedicated 
for K0 rare decay experiment



K beam intensity
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KEK-PS 
Beamline

K / spill 
(4s)

Protons / 
spill (4s)

Note

K2 2x104 K- 2x1012 1.67GeV/c, E522
1x104 K- 3x1012 1.0GeV/c, E549

K5 1.9x105 K+ 2.2x1012 0.66GeV/c, E470
6x103 K- 1.5x1012 stopped, E549

K6 1.3x104 K+ 0.87x1012 1.2GeV/c, E559

KEK-PS: K purity was for example ~25%.

Beamline K / spill 
(5.2s)

Protons / 
spill (5.2s)

Note

K1.8 3.3x105 K- 5.4x1013 1.8GeV/c, E07 purity=82.5%
7.0x105 K- 5.4x1013 1.8GeV/c, purity=44%

J-PARC K1.8 Beamline (with 51kW primary proton beam):
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K1.8

KL

SKS

K1.8BR

Beam 
Lines

Secondary particles Max. Mom. Max. Intensity

K1.8 π, K, p (2 separators) < 2.0 GeV/c ~106 /spill for K-

K1.8BR π, K, p (1 separator) < 1.1 GeV/c ~105 /spill for K-

KL Neutral Kaon ~ 2.1 GeV/c ~107 /spill

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

Jan.2009

Oct.2009

Oct.2009

K1.1(plan)

Hadron Experimental Facility (HEF)



Number of Users/Institutions (as of 2017) domestic
abroad

Total 726 users/128 inst.
= 382 users/33 inst.
+ 344 users/95 inst.
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Nuclear/Hadron Physics at J-PARC
• Interaction and structure of hadrons!

• Nucleon-nucleon interaction, especially at medium and long 
ranges, has been rather well studied, since Yukawa’s prediction of 
the pi meson.

• But at the short range, substructures of the nucleon should affect 
the interaction.
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Nuclear/Hadron Physics at J-PARC
• Especially, the origin of 

the repulsive core and the 
spin-orbit force has not 
been understood.

• We explore the hadron 
interaction not only with 
up and down quarks but 
also with strange quarks.
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Σ+p channel
Large repulsive force！

Pauli effect
in quark level

Flavor singlet ch
Attractive core！？
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Importance of understanding hadron interaction 
• Recent observation of 2-solar-mass neutron stars

• Our understanding of hadron interaction and the equation of state (EoS) based on it 
cannot well describe the neutron star EoS.

• Baryon interaction in nuclear matter is important.
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I. Bombaci, arXiv:1601.05339v1

Theoretical prediction from known YN, YY 2-body 
interactions (Y=hyperon)

ρ0 (normal nuclear 
density)
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Neutron star merger detected 
by gravitational waves also 
attracts interests on the EoS.



Press-released from Tohoku U., KEK, JAEA, J-PARC



K-pp states
• The E15 collaboration has announced findings 

of a bound state of K- + p + p.
• This should be a door to investigation of high 

density matter.
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BK-pp = 47+-3(stat.)+3-6(sys.) MeV
ΓK-pp = 115+-7(stat.)+10-9sys.) MeV



E07: S=-2 Spectroscopy with emulsion
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“Mino” event



Taking Data
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Sato, Imai,
Takahashi,
Naruki

ΛΛ int.

Peak in ΛΛ invariant mass

ΛΛ correlation
(Unique in the world)

Λ       Λ

H dibaryon？

Hyperon spectrometer

TPC,  S.C.magnet

E42

19

Λ−Σ coherent coupling
n nΛ

n nΛ

Σ

E40

Ultra-fast (x100)
Tracking detector

Using MPPC

Sattered proton 
detector

Σ+p scattering（unique） Miwa, Tamura
-> Σ−n (= Σ+p) int.

=> Σ− exists in n-star or not

Near Future 



Binary NS MergerLattice QCD

Multi-Strangeness world  revealed  with S-2S
ACTIVE FIBER TARGET

(K-,K+) spectroscopy
∆E<2 MeV
∆Ω=55msr

Establish the Ξ bound 
states

Hints in Emulsion
(KISO, IBUKI,…)

B-B Interactions EOS@ High-density 

J-PARC K1.8
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New Primary Proton Beam Line
22

COMET

High-pSeparation

 High-momentum Beam Line
– Primary protons (~1010 – 1012pps)

• E16 (phi meson) is the first experiment.

– Unseparated secondary particles (pi, …)
• High-resolution secondary beam by 

adding several quadrupole and 
sextupole magnets. 

 COMET
– Search for µ to e conversion
– 8 GeV, 50 kW protons
– Branch from the high-momentum BL
– Annex building is being built at the 

south side.

• New primary Proton Beam Line
= High-momentum BL + COMET BL = 
has been funded and the construction 
started.



Lambertson Magnet to B-Line

Profile 
monitor

Collimator

Lambertson
magnet

Septum 
magnets

A line B line

A line B line

Branch 
Point

high-p

COMET

New Primary Beam Line  (SY tunnel)



SKS

B line

Quadrupole 
magnets

FM magnet

Steering 
magnets

A line B line

Branch
Point

high-p

COMET

high-p Exp. Area

New Primary Beam Line (high-p) in Hadron Hall

Beam line will be available 
around the end of JFY2019.



J-PARC E16
• New experiment at J-PARC

• Invariant mass spectra of e+e- pairs in pA collisions  
• Vector meson mass modification due to nuclear matter

effects
• High statistics/Good resolution

• Similar as KEK-PS E325, but with x100 stat.
• The experiment will start in early 2020

φ (1020)

KEK E325 results

High stat.
Better res.

J-PARC expectation

Spectrometer magnet (FM)

Electron ID (HBD and Lead Glass) 

Construction of a beam line and a spectrometer are on-going



Thin production target!

For secondary beams, a thin production target 
will be installed at the branching point. 



Unseparated Secondary Beam in the future
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GPD with pion beams at J-PARC
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“GPD” and “Transition GPD”
• •

29
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J-PARC E50 Spectrometer + MuID
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π−

LH2-target

Ring Image
Cherenkov
Counter

Internal DC

FM magnet

πs
−

Κ+

Fiber tracker

Beam GC

Internal TOF

Internal TOF
DC

TOF wall

2m

Decay p(π+)

20 GeV/c
Beam π−

Acceptance: ~ 60% for D*,  ~80% for decay π+

Resolution: ∆p/p~0.2% at ~5 GeV/c （Rigidity： ~2.1 Tm)

||<60

Scintillator Muon 
trigger device

µ+

µ−

DY trigger rate is expected to be very low, so that the DY measurement 
can be a “by-product” of the main E50 experiment.



GPD with pion beams at J-PARC
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Experimental conditions:
4g/cm2 H2 target, 1.83/1.58/1.00E7 π-/spill (for 10/15/20 GeV beam), 50-day 
beam time.



Expected statistical errors of the exclusive Drell-
Yan measurement for two GPD inputs

32

• 50 days data taking
• 1.5 < M(mu+mu-) < 2.9 GeV

The statistical accuracy is adequate for discrimination between the two 
current GPD modelings.



GPD with pion beams at J-PARC

33

Letter of Intent to J-PARC being prepared.

Impacts of GPD measurement at J-PARC:
• Test of universality GPD in space-like and time-like processes
• Test of factorization of exclusive Drell-Yan process
Further possibilitis:
• Information of GPD at larger Q2 region
• Test of QCD evolution properties of GPD



• The beam power has been improved gradually to 51kW.  
The Hadron Experimental Facility is now in the era of K-
induced experiments.

• A major goal is to investigate hadron interactions and 
structures.

• The high-momentum beam line for primary protons is 
almost completed, and an experiment to measure phi 
meson mass inside nuclei will be performed.

• High-momentum pion beams will be available if 
equipment for secondary beams is installed to the high-
momentum beam line.  An exclusive Drell-Yan experiment  
is being discussed.

34

Summary

April 28, 2015
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