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Beam commissioning
 at Hadron Hall
Good K/π ratio !!

Double-stage Electro-Static 
separator system works well.

Beam intensity and time structure 
should be improved.

3 - 5 kW on target

~30% instantaneous duty

In Winter 2009-10 at K1.8

-1.8GeV/c 



Successful data taking of E19 
in Oct. - Nov. 2010

~40 people from KEK, Kyoto, Tohoku, Tokyo, Nara WU, Osaka, JAEA, UNM, INFN, 
Torino, Seoul, ITEP, JINR

2010/10/5

~40�people
From�KEK,�Kyoto�U.,�TohokoU.,�U.Tokyo,�Nara�WU,�Osaka�U.,�JAEA, UNM(USA),��
INFN(Italy),�Seol N.�U.,�ITEP,�JINR

2009/10/23 2010/11/4

16

~272 hours
using pion beam



Hadron Hall in 2013Hadron'Hall'in'2012'and'2013�
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New beam linesHigh?p/π15'&'COMET'B.L.�
KEK)is)reques5ng)to)construct)new)primary)beam)lines)
)in)the)south)area))with)the)highest)priority.�
In(the(earliest(case,(beam(lines(will(be(constructed(during(2013―2015.�

Experiments(at(K1.1(can(be(carried(
out((from(Feb.((2014(to(June(2015(
before(the(construc`on.(
(
Experiments(at(K1.1(and(High.p(
/p15(can(be(carried(out(
alterna`vely(aLer(the(construc`on,(
by(switching(the(setup(annually(or(
bi.annually.�
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Future ExtensionHadron'Hall'Extension�
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SNP Program at J-PARC



World Facilities in the 21st Century

J-PARC
JLab

DA NE

GSI/FAIR
Mainz

(e,e’K+)

(e,e’K+)

(K-,K+), (K-,π-)

(K-,π-)

HI, anti-p



Role of strangeness in dense matter
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SNP Program Schedule
2010: Oct.-Nov.

E19: Penta-quark search in π-p→K-X at 1.92 GeV/c

First physics data taking in Hadron Hall

2012: Feb. ,   after the Earthquake

E19: π-p→K-X at 2 GeV/c

2012: June

E27: d(π+,K+) for K-pp ,  a pilot run       5 kW / 270 kW



SNP Program Schedule
In near future...

2012: Dec.                                           10 kW

E10: (π-,K+)6ΛH

2013: March - June                           > 10 kW

E15: 3He(K-,n) for K-pp

E13: Hypernuclear γ-ray spectroscopy; 4ΛHe, 19ΛF

E05: Ξ hypernuclei; 12C(K-,K+)



High-resolution search for Θ+ in 
π-p→K-X reaction: E19    M. Naruki et al.

 π-p→K-Θ+ at 1.92 GeV/c

SKS Spectrometer at K1.8

∆E=13.4 MeV → 1.4 MeV

π"

Κ"

Target 

K1.8 beam line 
spectrometer 

SKS 

KEK PS E522: K. Miwa et al., PLB635 (2006) 72.

S/N=2.5 σ
dσ/dΩ=1.9µb/sr, if true.



Expected	
  Missing	
  Mass	
  Spectrum

Background	
  sourcesBackground	
  sourcesBackground	
  sources

φ φn à K+K–n 30.0±8.0	
  µb
Λ Λ(1520)K0 à K–K0p 20.8±5.0	
  µb

phase space K–KN 26	
  µb

lconfirm	
  Θ+ with	
  high	
  
statistics

lstudy	
  momentum	
  
dependence	
  of	
  cross	
  
section

we	
  aim	
  to;	
  

assuming	
  dσ/dΩ	
  =	
  1.9µb/sr	
  (lab)
ΔM = 2.5MeV(FWHM)



Result of the 1st run
π-p→K-X at 1.92 GeV/c

7.8x1010 π- in total

∆E=1.4 MeV FWHM

No prominent peak
structure !

2nd data taking at 2 
GeV/c completed.
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FIG. 2. The missing mass spectrum and the background
shape for the π−p → K−X reaction at 1.92 GeV/c. The
black points with error bars are the experimental data. The
contribution of the simulated background is indicated by the
red histogram.

scattered particles were identified by using an aerogel
Čerenkov counter (n = 1.05) and an acrylic Čerenkov
counter (n = 1.49) at the trigger level. The precise identi-
fication was carried out in the offline analysis by using the
time-of-flight technique in combination with information
about the flight path and the reconstructed momentum
obtained through the SKS system. The momentum was
also calculated from data obtained from the two sets of
chambers placed at the entrance and the exit of the SKS
magnet. The SKS magnetic field was set at 2.5 T, and
scattered particles with a momentum of 0.7−1.0 GeV/c
and scattering angles from 2◦ to 15◦ was measured in
this system. The very forward angle was not used be-
cause it had very poor vertex resolution. The reaction
vertex point was extracted from the closest distance be-
tween the tracks of beam pion and scattered kaon. The
remaining background events due to other target cell ma-
terials were estimated to be 2.8± 0.1%.
To evaluate various parameters of the spectrometer

system, such as the missing mass resolution, absolute
mass scale, detection efficiencies and kaon survival rate,
the known Σ± productions were also measured via the
π±p → K+Σ± reactions at 1.37 GeV/c in order to cover
the same momentum region of scattered kaons from the
π−p → K−Θ+ reaction at 1.92 GeV/c. Figure 1(a)
shows the missing mass spectrum of the π+p → K+X
reaction showing a clear peak of Σ+. The missing mass
resolution for Σ+ was 1.9± 0.1 MeV/c2(FWHM), which
corresponds to a resolution of 1.4±0.1 MeV/c2(FWHM)
for Θ+. The energy loss of both the beam and the scat-
tered particles in the target was corrected for based on a
simulation using the Bethe-Bloch formula. From the Σ±

data and by measuring the beam which passed through
both spectrometer systems, the error for the absolute
mass scale is estimated to be ±1.7 MeV/c2, including

FIG. 3. (a): The missing mass spectrum of the π−p → K−X
reaction after the acceptance correction. The vertical axis is
in the unit of the differential cross section. The fitted result
with a Gaussian and a third order polynomial background
shape is indicated by the solid line. In the fit, a Gaussian
peak shape function whose peak is fixed at 1.54 GeV/c2 was
used. The width was fixed to be the experimental resolution of
1.4 MeV/c2(FWHM). The peak with a 90% confidence level
is also indicated by the dotted line. (b): The differential
cross section of the π−p → K−Θ+ reaction averaged over
2◦ to 15◦ in the laboratory frame with the Θ+ width fixed
at 1.4 MeV/c2(FWHM). The black line indicates the upper
limit of the differential cross section at 90% confidence level.
For the calculation of the line position, the amplitude for the
Gaussian peak is constrained to be a positive value. The
systematic error is included in the error bars.

that of the energy loss correction of ±0.3 MeV/c2. The
cross section was estimated from the yields of Σ± tak-
ing all the experimental efficiencies and the kaon survival
rate into account. The cross section of the Σ+ produc-
tion obtained in this experiment is consistent with the
old experimental data [22], as shown in Fig 1(b). For the
K− measurement, the polarity of the SKS magnet was
changed. The performances of the SKS system of both
polarities were examined by the calibration data that the
pion beam passed through both spectrometers.

The missing mass spectrum for the π−p → K−X re-
action is shown in Fig. 2. No structure corresponding
to Θ+ was observed in the spectrum. The spectrum was
fitted with a Gaussian and a third-order polynomial back-
ground to obtain the upper limit of the cross section of
the Θ+ production as a function of the missing mass.
Figure 3(a) shows the acceptance corrected spectrum of

K. Shirotori et al., PRL 109 (2012) 132002.
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E19-2nd�

Preliminary*result*of*E1932nd*run�

•  Analysis(parameters(were(not(finally(tuned(yet.(
•  No(clear(peak(structure(was(observed.(
•  Efficiency(evalua;on(is(on<going.(
•  Tenta;ve(expected(sensi;vity(~(0.3(µb/sr.(�

Missing*Mass*:**p*(π�, Κ�)*X"""@*pπ*=*2.0*GeV/c*

By M. Moritsu@HYP2012



Search for K-pp in the d(π+,K+) 
reaction E27

T. Nagae et al.

Yamazaki & Akaishi, Phys. Rev. C76 (2007) 045201.



Expected inclusive spectrum
- π+ “n” -> Σ0 K+ 
- π+ “n” -> Λ K+ 
- π+ “n” -> Λ(1405) K+ 

- π+ “n” -> ΣπK+ 

- π+ “n” -> Σ0(1385)K+ 

- π+ “n” -> ΛπK+ 

- π+ “p” -> Σ+ K+ 
- π+ “p” -> Σ+(1385)K+ 

- π+ “p” -> ΛπK+ 

- π+ “p” -> ΣπK+ 

�

20.6µb�

76.7µb�

124µb�

13.7µb�

40µb�
28.9µb�

40µb�

470µb�

120.6µb�
174.7µb�

Missing Mass[GeV/c2]�

K-+ p+p~2.37GeV/c2�

FINUDA, 
DISTO�

Simulation



Proton tagging
Quasifree backgrounds
� π+d →Λ+K++ps 

�      →Σ0+K++ps 

�      →Σ++K++ns 

� π+d →  Λ+π+K++Ns

�        →  Σ+π+K++Ns

Range Counters



 d(π+,K+) at 1.7 GeV/c
•  Inclusive d(π+,K+)spectrum�

Black: Simulation 
Red:    Data�

MissingMass[GeV/c2]�

preliminary�



A Search for deeply-bound kaonic nuclear states 
by in-flight 3He(K-,n) reaction at 1 GeV/c E15

M. Iwasaki et al.

J-PARC K1.8BR�

Neutron 
counter�

Beam sweep 
magnet�

Cylindrical 
Detector System�

Beamline 
Spectrometer�

1.0 GeV/c K-�Neutron�

TOF length 15m�

K- 3He K-pp

Λ

neutron

proton

proton

π−

decay

forma
tion

at 1 GeV/c 
by both

missing & invariant mass

K-  + 3He -> “ pp K- ” + n

E15: KN interaction study by nuclear bound state-

detect everything!

12年7月13日金曜日



Invariant mass spectra�
p π� invariant mass spectra �

Λ�

•  Simulation K- beam  
w/ target cell 
selection(3He ,Fe)  
Displaced vertex>2cm 
1113.6 ± 0.1 MeV/c2 

σ=3.5 ± 0.1MeV/c2�

1113.4 MeV/c2 

σ=3.5MeV/c2 
(CDS resl.200µm)�

Preliminary�

By Y. Sada@HYP2012



E15 is ready for data taking.

the$completed$K1.8BR$spectrometer$[RUN#43,$Jun.$2012]

neutron$counter$&
TOFstop/proton$counter

beam$dump

beam$sweeping
magnet

liquid$3HeLtarget
system

CDS

beam$line
spectrometer

12年7月13日金曜日

K1.8BR



Neutron-rich Hypernuclei
with (π-,K+) reaction J-PARC E10

A. Sakaguchi et al.

ordinary nuclei
DCX: (K−,π+), (π−,K+) reaction

DCX

SCX: (e,e’K+), (K−,π0), (π−,K0) reaction

SCX

NCX: (K−,π−), (π+,K+) reaction

NCX

Λ-hypernuclei

“Hyperheavy hydrogen”: deeply bound

Akaishi:
Glue-like role of Λ 

(BΛ=4.4 MeV)
 +  

ΛNN coherent
coupling ( +1.4 MeV)

Λp
n

unbound

6
ΛH5H

n

n

n

p
n
n n

n



Gamma-ray Spectroscopy 
of Light Hypernuclei
ΛN interaction in sd-shell 
hypernuclei

19ΛF: easiest in sd-shell

Charge Symmetry Breaking
4ΛHe - 4ΛH

Spin-flip B(M1) measurement for 
gΛ in nuclei

7Li(K-,π-γ)7ΛLi at 1.5 GeV/c: 
M1(3/2+→1/2+)

Hyperball-J
Ge Detector           PWO

Pulse-tube 
ref.

J-PARC E13
H. Tamura et al.

Ge x32; ε~6% at 1 MeV
→  γ-γ coincidence



19ΛF Spectroscopy
The first study on sd-shell hypernuclei

E1 

Separated from  
(K,π) angular distribution 

�0.30 MeV 

�1.01 MeV 

�1.12 MeV 

�0.88 MeV 

      Calc. (Millener)�

ΛN spin-spin interaction 

shrinkage and 
N-spin-orbit interaction�

+ spin-flip B(M1) (test data) 



Spectroscopic Study of Ξ-Hypernucleus, 
12ΞBe, via the 12C(K-,K+) Reaction

Discovery of Ξ-hypernuclei

Measurement of Ξ-nucleus potential depth and width 
of 12ΞBe

J-PARC E05
T. Nagae et al.

S=-1                S=-2 (Multi-Strangeness System)



S=-2 World



Expected	
  12ΞBe	
  Spectrum

ΔEexp = 4 MeV V0 = 20MeV

V0 = 14MeV

in case of W.S. potential

ücan identify bound state.

E05 (@30 kW) : Expected Spectrum 

DWIA spectra from
P.Khaustov et al.,

 PRC 61 (2000) 054603

simple peak structure

sΞ

pΞ



E05 Phase 2 with S-2S
Grant-In-Aid for Specially promoted research: 2011 – 
2015
60 msr, ∆p/p=0.05% → ∆M=1.5 MeV
Construction of S-2S(QQD): ~3 years

Installation in 2014
Data taking in 2015 with > 150 kW !!

2.9x1010 K-/day
∆M< 2 MeV



Summary
J-PARC Beam recovery after the eqrthquake: Feb. 
2012
Day-1 Experiments; data-taking in progress

E19: penta-quark search; 2nd run completed.
E27: K-pp search in d(π+,K+); pilot run finished.

E10: Neutron-rich hypernuclei
E15: K-pp search in 3He(K-,n) reaction
E13: Hypernuclear gamma-ray spectroscopy
E05: Ξ hypernuclei
etc.


