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Super Photon Ring 8 GeV (SPring-8)

2

LEPS1 (~2000)

LEPS2 (~2013)



Backward-Compton Scattered Photon
l 8 GeV electrons in SPring-8

l + 351nm Ar laser (3.5eV） 8Wè ~ 2.4 GeV photon
l + 266nm Solid+BBO (4.6eV） 1Wè ~2.9 GeV photon 

l Laser Power ~6 W (351nm)   è Photon Flux  ~1 Mcps (2.4 GeV)
l Eg measured by tagging a recoil electron è Eg>1.5 GeV, DEg ~10 

MeV
l Laser linear polarization 95-100% ⇒ Highly polarized g beam

PWO measurement

tagged

Linear Polarization of g beam

photon energy [GeV] photon energy [MeV] 3



2011.12  SP8New experimental hutch
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Clusters in the hadron physics
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Clusters in the hadron physics
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Cluster in hadron physics

l Colorless cluster
l Hadronic molecule

l Meson as a building 
block

l L(1405)
lKN

l Kaonic nuclei

qq

qq
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Cluster in hadron physics

l Colorless cluster
l Hadronic molecule
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l Colored cluster
l Diquark

l Confined in hadron
→ 4 or 5 quark hadron 
(exotic hadron)

qq
qq



Normal hadrons

qqq baryon

q（quark）: u, d, s, c, …

qq meson

Exotic hadrons
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X(3872)

Z(4430)+

Phys. Rev. Lett.
103, 15201

Phys. Rev. D
80, 031104

Normal hadrons

qqq baryon

q（quark）: u, d, s, c, …

4
qu
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X(3872)

Z(4430)+

Phys. Rev. Lett.
103, 15201

Phys. Rev. D
80, 031104

Normal hadrons

qqq baryon

q（quark）: u, d, s, c, …

4
qu

ar
k

qq meson

Exotic hadrons

[udcc]

DD* molecule
+ cc core?

??
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Z(4430)+

Pc(4380)+ / Pc(4450)+

Phys. Rev. Lett.
103, 15201

Phys. Rev. D
80, 031104

Normal hadrons
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X(3872)

Z(4430)+

Pc(4380)+ / Pc(4450)+

Phys. Rev. Lett.
103, 15201

Phys. Rev. D
80, 031104

Normal hadrons

Phs. Rev. Lett.
103, 15201
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Pentaquark Q+

1. Baryon with 
strangeness(S)=+1, charge(Q)=+1
minimal quark contents：ududs

2. Light Mass: M(Q+) ~1530 MeV

(quark model: 1700~1800 MeV）

3. Narrow Width: G < 1 MeV [exp.+theor.]

u

u

d
s

d
Diquark
correlation?
PRL91 232003

・photon beamàss beam
(virtual) q

q

g

Q+àK+N
repulsive

KN molecule

Theoretical Prediction （Z. Phys.A 359, 305(1997)）
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Fall apart

K

N



LEPS 2003
Carbon target

LEPS 2009
Deuteron target

LEPS 2013

Partially subtract 
proton events

Results with higher S/N ratio will open soon!  

Q+ search at LEPS

(with Fermi motion)
(PRL 91, 012002)

(PRC 79, 025210)

Increase statistics

(Forward 
angles)

(Few Body Syst., 54,1245)

g‘n’àK-Q+àK-K+n

(after correcting Fermi motion)

15



PRC 79, 025210 (2009) PRL 96, 212001(2006)
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Counter evidence from J-lab/CLAS
photon beam and deuteron target



TOF

Dipole Magnet
0.7 Tesla

Target

Start Counter DC2 DC3

DC1SVTX

AC(n=1.03)

Photons

PRC 79, 025210 (2009)

LEPS
forward
angle

CLAS
large 
angle

PRL 96, 212001(2006)
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Q+ search at LEPS and CLAS



TOF

Dipole Magnet
0.7 Tesla

Target

Start Counter DC2 DC3

DC1SVTX

AC(n=1.03)

Photons

PRC 79, 025210 (2009)

LEPS
forward
angle

CLAS
large 
angle

PRL 96, 212001(2006)

Angular dependence of production cross section may 
solve controversial situation.

→   4p detector LEPS II. 

18

Q+ search at LEPS and CLAS



Solenoid spectrometer
2.22 m

g

TPC DC

g counter RPC

Magnet (BNL-E949)
B=1 T
Dp/p 〜 1-5%
for q >7 deg

detectors for 
photons, charged particles

3σ  K/p/p separation
< 2.7 GeV
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Solenoid spectrometer
2.22 m

g

TPC DC

g counter RPC

• Sideway tracker
• Time Projection Chamber (TPC)

• R=655 mm, 24 layer
• σrφ=150 µm, σz=2 mm

• Forward tracker
• 4 drift chambers (DC)
• 6 plane
• σxy=150 µm

• Time-of-flight
• Resistive Plate Chamber (RPC)
• Δt=70 ps

• Aerogel Cherenkov counters
• n=1.03, 1.05

• Barrel γ counter
• Lead plastic sandwich 14.3X0

20



Q+ search at LEPS and LEPS2

Mass resolution 6 MeV/c2

Detect

Invariant mass

LEPS

𝛾𝑑 → Θ&𝐾(𝑝

LEPS2

𝛾𝑑 → Θ&𝐾(𝑝
Θ& → 𝐾*+𝑝 → 𝜋&	𝜋(𝑝Θ& → 𝐾&𝑛

Mass resolution 11 MeV/c2

Detect

Fermi-momentum
correction 

Invariant mass

𝛾𝑑 → 	Λ(1520)𝐾*+𝑝
Main background

𝜙 → 𝐾&𝐾(

No f meson background

𝛾𝑑 → 	𝜙𝑋
Λ(1520) → 𝐾(𝑝

No Fermi-motion corr.



Q+ search at LEPS and LEPS2
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Q+ search at LEPS and LEPS2

Mass resolution 6 MeV/c2

Detect

Invariant mass

LEPS

𝛾𝑑 → Θ&𝐾(𝑝

LEPS2

𝛾𝑑 → Θ&𝐾(𝑝
Θ& → 𝐾*+𝑝 → 𝜋&	𝜋(𝑝Θ& → 𝐾&𝑛

Mass resolution 11 MeV/c2

Detect

Fermi-momentum
correction 

Invariant mass

𝛾𝑑 → 	Λ(1520)𝐾*+𝑝
Main background

𝜙 → 𝐾&𝐾(

No f meson background

𝛾𝑑 → 	𝜙𝑋
Λ(1520) → 𝐾(𝑝

No Fermi-motion corr.

• Confirm Q+ in K0
s p decay mode

• Angular dependence of production rates
• KN coupling using gp→ K(890) Q+ reaction
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Colorless clusters

L(1405)
Kaonic nuclei



L(1405) JP=1/2-
Structure of P-wave baryons

3/2-

1/2-

N(1520)

N(1535)

h+N
(1485)

3/2-

1/2-

Λ(1520)

Λ(1405)
30 MeV

K+N
(1430)

One strange-quark, but lighter than N*
Opposite sign of LS splitting 

s-quark

hyperon (uds sector)nucleon (ud sector)



L(1405)
D.	Jido,	et	al.	NPA725(2003)

26V.K. Magas, E. Oset and A. Ramos, PRL 95

l 30 MeV below KN threshold
l Hadronic molecule candidate

l KN, pS comonents
l Two resonance poles are 

predicted
l Heavier mass pole couples 

mainly to KN



L(1405)
D.	Jido,	et	al.	NPA725(2003)

27V.K. Magas, E. Oset and A. Ramos, PRL 95

Confirm by photoproduction.

l 30 MeV below KN threshold
l Hadronic molecule candidate

l KN, pS comonents
l Two resonance poles are 

predicted
l Heavier mass pole couples 

mainly to KN



Hyperon photoproduction with K*(892)
u Parity filter with linearly polarized photon

E g K*
K

p

natural parity ex.
P=(-1)J

K*(890),κ

28



u Parity filter with linearly polarized photon

E g K*
K

p

unnatural parity ex.
P= -(-1)J

kaons

29

Hyperon photoproduction with K*(892)



E
g

K*
K

p

p L(1405)
S(1385)

K-

K*(890) Λ(1405) photoproduction
with linearly polarized photon
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K

p

p L(1405)
S(1385)

K-

K*(890) Λ(1405) photoproduction
with linearly polarized photon

31

T.Hyodo et. al, PLB593



E
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K
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S(1385)

K-
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K*(890) Λ(1405) photoproduction
with linearly polarized photon

T.Hyodo et. al, PLB593High luminosity photon beam with Eg>2.4 GeV.
Detect            K*+→ K0s p+ → ppp
 L(1405) → S0p0 → Lg gg
 S(1385) → Lp0

Large acceptance charged / photon detector



Kaonic nuclei

If Λ(1405) is Kbar N molecule, K-pp system can be strongly bound 
state.

MM(K+π-) LEPSMM(K+) J-PARC E27

30 MeV shift was observed 
in Y* region no shift was observed in Y* 

region(caused by Y*N interaction? ) 

Ref. PTEP 2014,101D03

LEPS Collaboration / Physics Letters B 728 (2014) 616–621 619

Fig. 2. (Color online.) (a) The fit result of MMd(K +π−) spectrum with the Monte
Carlo generated processes. The color and style of line for each corresponding process
are shown. (b) The residue from the fitting function.

events. The Monte Carlo generated spectra were estimated to have
the systematic uncertainty ∼ 1%. By using the raw spectrum and
the Monte Carlo generated spectra for the fitting, we can avoid the
ambiguity arising from the acceptance correction for each track. In
addition, by using Monte Carlo generated spectra, we can take into
account of the mass resolution effectively.

The fitting was performed in the range from 2.05 to 2.6 GeV/c2.
Six processes were used for the background: γ n → ΛK +π− ,
γ p → Σ+K +π− , γ p → Λ(1520)K + , γ n → Λπ0 K +π− , γ n →
Σ0π0 K +π− and γ p → Σ0(1385)+ K +π− . The shapes of the spec-
tra were generated with the GEANT-based Monte Carlo simulation,
where the Paris-potential model was used to describe the mo-
mentum distribution of the nucleons inside the deuteron [20]. The
yield of each background process was taken into account as a free
parameter. The yield of the signal was increased from 0 to a cer-
tain value, and the Log-likelihood values was calculated at each
point.

Fig. 2 shows the fit result with only background processes and
the residue from the fitting function. χ2/ndf of the fit result is 1.4
in the range from 2.05 GeV/c2 to 2.6 GeV/c2, and approximately
1 in the range from 2.22 GeV/c2 to 2.36 GeV/c2. The tests were
performed for signals with Γ = 20,60 and 100 MeV, and 15 B.E.
values ranging from 10 to 150 MeV. The signal shape was assumed
to be the Breit–Wigner distribution with the fixed B.E. and Γ and
was generated with the GEANT-based Monte Carlo simulation. As
a result of tests, significant decrease of −2' ln L (twice the Log-
likelihood difference of the hypotheses) were not observed under
any assumption of B.E. and Γ values.

To quantify the search results, the upper limits of the differen-
tial cross section of the K − pp bound state production were deter-
mined. The signal yield which gave −2' ln L = 3.84 was used for
the upper limit of the yield at the 95% confidence level. In Fig. 3,
−2' ln L values are shown as a function of the signal yield for
B.E. = 100 MeV and Γ = 60 MeV as a typical example.

The obtained yields were converted to the differential cross sec-
tion by dividing them by the acceptance of the signals, efficiencies
and integrated luminosities. The acceptance of the signal was de-
termined by using the GEANT-based Monte Carlo simulation under
the assumption that the d(γ , K +π−)K − pp reaction occurs isotrop-
ically in the center-of-mass system. The systematic error from this

Fig. 3. (Color online.) Typical −2' ln L values as a function of the signal yield. The
B.E. and Γ values were assumed to be 100 MeV and 60 MeV, respectively. The
crossing point at −2' ln L = 3.84 is indicated by an arrow.

Fig. 4. The upper limit of the differential cross section of the K − pp bound
state production in the d(γ , K +π−)X reaction as a function of assumed sig-
nal peak mass. The solid, broken and dotted lines are the results of Γ =
20 MeV,60 MeV and 100 MeV, respectively.

acceptance was estimated to be ∼ 1%. Fig. 4 shows the upper limits
of the differential cross section of the K − pp bound state produc-
tion for various Γ values as a function of the assumed mass. It
is noted that the obtained upper limit of the differential cross
section has ∼ 12% uncertainty mainly coming from the discrep-
ancy between two datasets. In addition, we performed the same
analyses by using some different combinations for the background
processes. Among them, the combination which gave the most
conservative results of the upper limits was adopted.

The upper limits of the differential cross section of the K − pp
bound state production were determined to be (0.17–0.55),
(0.55–1.7) and (1.1–2.9) µb for Γ = 20,60 and 100 MeV, respec-
tively at the 95% confidence level. These values correspond to
(1.5–5.0), (5.0–15) and (9.9–26)% of the differential cross sec-
tion of the typical hadron production processes such as the
γ n → K +π−Λ or the γ p/n → K +π−Σ+/0 processes within the
kinematical region given in Eq. (1). As for the upper limits for
Γ = 20 MeV, we can compare the obtained results with those
given by the KEK-PS E471/E549 group. The differences between the
present and the KEK-PS E471/E549 experiment are summarized as
follows:

• The search object of the present study is the K − pp bound
state, while the KEK-PS E471/E549 experiment aimed at the
K − ppn or K − pnn bound states.

• The production mechanisms of kaonic nuclei are expected to
be different between the photon induced and stopped K − re-
actions.

33



PTEP 2015, 021D01 Y. Ichikawa et al.

Fig. 4. (a) Missing-mass spectrum of the d(π+, K +) reaction for two-proton coincidence and the "0 p decay
branch events. The mass acceptances of the RCAs are corrected. The spectrum was fitted with a relativistic
Breit–Wigner function (see text for details). We found a mass 2275 +17

−18 (stat.) +21
−30 (syst.) MeV/c2 and a width

162 +87
−45 (stat.) +66

−78 (syst.) MeV. (b) The coincidence probability of one proton for the middle segment of the
RCA, as in Fig. 2(c), together with the interpretation spectra shown as a colored line. See text for details.

histogram, shown in Fig. 4(b) as a plot colored in pink, which is calculated as

Rp(M Md) =
C × f (M Md) × η1p(M Md)

( d2σ
d%d M Md

(M Md))inclusive
, (3)

where C is the normalization constant, and η1p(M Md) is the detection efficiency of a proton in the
middle segments of the RCA (Seg2, 5). The blue line in Fig. 4(b) is an assumed flat component rep-
resenting the conversion processes and the contamination from the misidentification of π± in the
RCA. Red points with error bars in Fig. 4(b) are the sum of the pink points and blue line. The nor-
malization constant C and the amplitude of the flat component (blue line) were adjusted to minimize
the differences between the black and red points. Thus, the obtained one-proton coincidence prob-
ability spectrum of the broad enhanced region could be reproduced by the “K − pp” signal and flat
background.

What is the nature of the “K − pp”-like structure? It should have strangeness −1 and baryon number
B = 2 from the observed reaction mode, so that the hyper charge Y = 1. As for the spin of the
K − pp system, a K − is theoretically assumed to couple with a spin-singlet (S = 0) p–p pair in
an S-wave (L = 0), so that the J P = 0−, presumably. An alternative view of the system as a &∗ p
bound state [28] also predicts the bound-state spin to be 0. There is also a theoretical prediction of a
(Y, I, J P) = (1, 3/2, 2+) dibaryon as a π&N–π"N bound state [29].

4. Summary We have observed a “K − pp”-like structure in the d(π+, K +) reaction at
1.69 GeV/c with coincidence of high-momentum (> 250 MeV/c) proton(s) at large emission angles
(39◦ < θlab. < 122◦). A broad enhancement in the proton coincidence spectra is observed around
the missing mass of 2.27 GeV/c2, which corresponds to a binding energy of the K − pp system of
95 +18

−17 (stat.) +30
−21 (syst.) MeV and a width of 162 +87

−45 (stat.) +66
−78 (syst.) MeV. The branching fraction

between the &p and "0 p decay modes of the “K − pp”-like structure was measured for the first time
as (&p/("0 p = 0.92 +0.16

−0.14 (stat.) +0.60
−0.42 (syst.).
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J-PARC E27

PTEP 2015 2, 021D01

B.E. = 95+18
-17

+30
-21 MeV

G = 162+87
-45

+66
-78 MeV

d(p+, K+)X  
decay proton-tagged
Σ0p ID using missing mass.

LEPS2
g K0,K*0

K, K*

- g + d à K+ + p- + X
- g + d à Ks

0 + X
- g + d à K*0 + X
☆detect decay products

X= Lp , S0p
Relative B.F.
→ internal structure?

Kaonic nuclei



2.22 m

g

TPC DC

g counter RPC
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Status of detector development

l Detector commissioning 
started last year

l 4th drift chamber is under 
construction

l We aim to start physics data 
taking next FY!

2− 1− 0 1 2
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1000
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3000

dE
/d
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(a

rb
.)

charge * momentum (GeV/c)

proton
pion

particle ID with TPC



Summary
n Colored cluster

n Diquarks in pentaquark Θ+

n Colorless cluster
n Λ(1405), Kaonic nuclei

n LEPS2 g beam line for hadron physics.
n Highly polarized photon beam up to 3 GeV with high 

intensity.
n 4p detector with solenoid magnet which covers from very 

forward to backward
n Simultaneous detection of Photon and charged particle. 

n Commissioning run started last year
n Physics data taking ~next fiscal year.
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Collaboration list

l Osaka U. RCNP
l M. Yosoi, T. Nakano, T. Hotta, S.Y. Ryu, S. Ajimura, Y. Sada, 

K. Mizutani, Y. Ohashi, R. Yamamoto
l Tohoku U. ELPH

l H. Ohnishi, N. Muramatsu, A. Tokiyasu, C. Yoshida
l Kyoto U.

l R. Kobayakawa, K. Watanabe, E. Umezaki, H. Furuta
l Gifu U.

l M. Sumihama
l Taiwan Academia Sinica

l W. C. Chang, 
l Kyoto Sangyo U.

l M. Niiyama
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If the production rate is forward
peaking, we can explain LEPS and 
CLAS results

LEPS2

CLAS acceptance (20 < qlab)

LEPS acceptance (0< qlab< 20
beam ��

LEPS2 acceptance ( 7  <  qlab <110)

LEPS CLAS

1st

2nd scaled 1/10

𝛾𝑑 → Θ&𝐾(𝑝

Motivation for LEPS2



gd à K- Q+ pà K-K+pn reaction

Q+

g

d
p

n

K+
K-

p
n

(spectator)

L(1520)

g

d
p

n

K+

K-

p
n(spectator)

d
p

n
p
n

K-
K+

g

(spectator)
d
n

p
n
p

K-
K+

g

(spectator)

γn→ K-K+n γp→ K+K-p

Signal events

Non-res. BG events Non-res. BG events

Reference events

Most of f events are excluded with M(K+K-) cut.
Spectator protons can not escape from the target.
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2013-2014 run with large start 
counter

LH2
n

K+
K-

p

K+
K-

or
K+

K-
p

dE/dx in STCproton untagged with STC proton tagged with STC 

(2002 -203, 2006 – 2007) (2013 - 2014)

150 mm[X] x 94 mm[Y] 600 mm[X] x 340 mm[Y]

Increase 
proton tagging
efficiency

43



The present status of Q+

analysis

Q+

L(1520)

(2002-2003 & 2006-2007 data,  (p-untagged))

l p/n separation has been improved with the large STC
l Simulate the mass distributions considering the possible physical processes (Q+, 

L(1520), f , non-resonant (scalar), non-resonant(vector))
l Simultaneously fit both M(NK-) and M(NK+) for p-untagged events

(L(1520), f are fixed. ß p-tagged events analysis)

n-BG events

p-BG events

n-BG events

p-BG events

Significance of Q+ peak : ~3 s.  2013-2014 results will be open soon.

preliminarypreliminary
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7	No	Fermi	motion	correction
7 No	f and	non-resonant	K+K- background

1st objective: Q+ search at 
LEPS2

Multi-purpose large acceptance 
detector for fixed target exp.

𝛾 +9 𝑛9 → 𝐾( + Θ&

													𝑝 + 𝐾+
𝑆

																				𝜋&+𝜋(LEPS2 solenoid spectrometer

B : 0.9 T

Mass resolution of Q+： ~6 MeV
(~11 MeV at LEPS)

45



2nd: L(1405) with 
K*(892) 

photoproduction
g+p
àK*++L(1405)

K0+p+ àp++p-+p+

eg
γ

K*+

K

π

p
Λ(1405)

K

Meson-baryon molecule with two poles ?

Nucl. Phys. A 725, 181

Parity filter with linearly polarized photon
𝜀< ⊥ Kπ	à unnatural parity exchange (K)
𝜀< ∥ Kπ	à natural parity exchange (K*, k)

Measure difference of line shape
à determine the higher pole 

46



Decay angle measurements with linearly polarized 
photon beam

6

Æ Act as a parity-filter in t-channel exchange!!
ELPH workshop Dec. 1-2

4
7

Parity filter w/ linearly polarized photon



Physics motivation for LEPS2 (III) 
Kaonic nuclei search

If Λ(1405) is Kbar N molecule, K-pp system can be strongly bound 
state.

MM(K+π-) LEPSMM(K+) J-PARC E27

30 MeV shift was observed 
in Y* region no shift was observed in Y* 

region(caused by Y*N interaction? ) 

Ref. PTEP 2014,101D03

LEPS Collaboration / Physics Letters B 728 (2014) 616–621 619

Fig. 2. (Color online.) (a) The fit result of MMd(K +π−) spectrum with the Monte
Carlo generated processes. The color and style of line for each corresponding process
are shown. (b) The residue from the fitting function.

events. The Monte Carlo generated spectra were estimated to have
the systematic uncertainty ∼ 1%. By using the raw spectrum and
the Monte Carlo generated spectra for the fitting, we can avoid the
ambiguity arising from the acceptance correction for each track. In
addition, by using Monte Carlo generated spectra, we can take into
account of the mass resolution effectively.

The fitting was performed in the range from 2.05 to 2.6 GeV/c2.
Six processes were used for the background: γ n → ΛK +π− ,
γ p → Σ+K +π− , γ p → Λ(1520)K + , γ n → Λπ0 K +π− , γ n →
Σ0π0 K +π− and γ p → Σ0(1385)+ K +π− . The shapes of the spec-
tra were generated with the GEANT-based Monte Carlo simulation,
where the Paris-potential model was used to describe the mo-
mentum distribution of the nucleons inside the deuteron [20]. The
yield of each background process was taken into account as a free
parameter. The yield of the signal was increased from 0 to a cer-
tain value, and the Log-likelihood values was calculated at each
point.

Fig. 2 shows the fit result with only background processes and
the residue from the fitting function. χ2/ndf of the fit result is 1.4
in the range from 2.05 GeV/c2 to 2.6 GeV/c2, and approximately
1 in the range from 2.22 GeV/c2 to 2.36 GeV/c2. The tests were
performed for signals with Γ = 20,60 and 100 MeV, and 15 B.E.
values ranging from 10 to 150 MeV. The signal shape was assumed
to be the Breit–Wigner distribution with the fixed B.E. and Γ and
was generated with the GEANT-based Monte Carlo simulation. As
a result of tests, significant decrease of −2' ln L (twice the Log-
likelihood difference of the hypotheses) were not observed under
any assumption of B.E. and Γ values.

To quantify the search results, the upper limits of the differen-
tial cross section of the K − pp bound state production were deter-
mined. The signal yield which gave −2' ln L = 3.84 was used for
the upper limit of the yield at the 95% confidence level. In Fig. 3,
−2' ln L values are shown as a function of the signal yield for
B.E. = 100 MeV and Γ = 60 MeV as a typical example.

The obtained yields were converted to the differential cross sec-
tion by dividing them by the acceptance of the signals, efficiencies
and integrated luminosities. The acceptance of the signal was de-
termined by using the GEANT-based Monte Carlo simulation under
the assumption that the d(γ , K +π−)K − pp reaction occurs isotrop-
ically in the center-of-mass system. The systematic error from this

Fig. 3. (Color online.) Typical −2' ln L values as a function of the signal yield. The
B.E. and Γ values were assumed to be 100 MeV and 60 MeV, respectively. The
crossing point at −2' ln L = 3.84 is indicated by an arrow.

Fig. 4. The upper limit of the differential cross section of the K − pp bound
state production in the d(γ , K +π−)X reaction as a function of assumed sig-
nal peak mass. The solid, broken and dotted lines are the results of Γ =
20 MeV,60 MeV and 100 MeV, respectively.

acceptance was estimated to be ∼ 1%. Fig. 4 shows the upper limits
of the differential cross section of the K − pp bound state produc-
tion for various Γ values as a function of the assumed mass. It
is noted that the obtained upper limit of the differential cross
section has ∼ 12% uncertainty mainly coming from the discrep-
ancy between two datasets. In addition, we performed the same
analyses by using some different combinations for the background
processes. Among them, the combination which gave the most
conservative results of the upper limits was adopted.

The upper limits of the differential cross section of the K − pp
bound state production were determined to be (0.17–0.55),
(0.55–1.7) and (1.1–2.9) µb for Γ = 20,60 and 100 MeV, respec-
tively at the 95% confidence level. These values correspond to
(1.5–5.0), (5.0–15) and (9.9–26)% of the differential cross sec-
tion of the typical hadron production processes such as the
γ n → K +π−Λ or the γ p/n → K +π−Σ+/0 processes within the
kinematical region given in Eq. (1). As for the upper limits for
Γ = 20 MeV, we can compare the obtained results with those
given by the KEK-PS E471/E549 group. The differences between the
present and the KEK-PS E471/E549 experiment are summarized as
follows:

• The search object of the present study is the K − pp bound
state, while the KEK-PS E471/E549 experiment aimed at the
K − ppn or K − pnn bound states.

• The production mechanisms of kaonic nuclei are expected to
be different between the photon induced and stopped K − re-
actions.

Why 
π+ d → K+ X
γ   d → K+ π- X 
are largely different?

Σ* to Λ* ratio?
→ identify decay products
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Q+ Search at LEPS2
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(t-channel	K-exchange	is	possible)

No Fermi motion correction.
No φ background.

In order to measure angular dependence of production rate 
in large angle region, we extend our detector acceptance up 
to CLAS acceptance.

A large acceptance and better resolution detector are 
necessary.
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Solenoid spectrometer
2.22 m

g

TPC DC

g counter RPC

• Sideway tracker
• Time Projection Chamber (TPC)

• R=655 mm, 24 layer
• σrφ=150 µm, σz=2 mm

• Forward tracker
• 4 drift chambers (DC)
• 6 plane
• σxy=150 µm

• Time-of-flight
• Resistive Plate Chamber (RPC)
• Δt=70 ps

• Aerogel Cherenkov counters
• n=1.03, 1.05

• Barrel γ counter
• Lead plastic sandwich 14.3X0
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Invariant mass resolution
2.22 m

g

TPC DC

g counter RPC

51



52

DC
XX’(0°) UU’(+60°) VV’(-60°)

80 ch/plane x 6 = 480 ch
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Specification of TPC

1400 mm 825 mm

drift strip

drift direction

shield wire planeH.V. plane

effective area 1120 mm

anode wire pitch
5 mm

anode-pad distance
3.5 mm

pad size
4.6 mm×10 mm

number of pad layers
24

number of pads
10830



l Prototype TPC with same wire-pad 
configurations.

l σx=150 μm is required to reconstruct 
Θ+→K0

s p with 6 MeV resolution.
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Spatial resolution of prototype TPC
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l Prototype TPC with same wire-pad 
configurations.

l σx=150 μm is required to reconstruct 
Θ+→K0

s p with 6 MeV resolution.
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Spatial resolution of prototype TPC

tan2θ
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Drift distance [mm]
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θ sense 
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padσ x
2 =σ 0 x

2 +σ T ,D
2 ⋅LD +σ P,W
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2

σx = 159± 21 µm is achieved.

x
y



200 cm

25 cm

gas tight body

preamp

+ 7kV

2m Barrel RPC

80
60

100
120
140
160
180

100

: right view
: left view
: mean

tim
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re
so

lu
tio

n
[p

s]

8060200 40-20-40-60-80-100

hit position [cm]

edge of 
glasses

Goal: 3+3σ separation for pi/K below 1 GeV/c.
(K- associated with Theta+)
70 ps time resolution is required.

~70 ps is achieved over 2m range using near side view.
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Aerogel Cherenkov counter

 Barrel g 

RPC-TOF 

TPC 

DC’s 

SSD 

TOP 

1.82 m 

700 

Tracking system 
DC 
  σ : ～150 μm 
  x,x’,u,u’,v,v’ 
TPC 
  σ : 〜400 μm 
       〜20 layer 
DSSD 
   σ : 35 μm 

 

A
C

 

A
C

 

SC 

PID system 
RPC 
  Dt : ～50 ps 
AC 
  n=1.03  (30°～ 40°) 
  n=1.05  (40°～ 50°) 
TOP 
   < 30° 
c.f.) forward RPC < 11° 

A
C

 

A
C

 

n=1.05

n=1.03
target

×
beam

PMT

Air light 
guide

K/π separation above 1 GeV/c.

K/π

20 cm

20 cm

16 cm

4 cm

PMT

6.5 
cm

6.5 
cm

6 
cm

4 
cm
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Aerogel Cherenkov counter

We tested with electron beam 
and estimate Cherenkov light 
from pions @ 1 GeV/c.
99.6% efficiency is achieved 
for pion with 3.5% over veto 
rate for kaon.
Test with pion beam is on-
going.

Scintillation light from reflector.
light output ADC (ch)

Cherenkov light from
n=1.05 AC



γ rays are delivered to 150 m downstream.
Beam size @ target (RMS):  x ~2cm, y~1cm 59

LEPS1LEPS2
Good e beam emittance in SP8



4, 5, 6 quarks in hadron
Possible colored cluster 

Haronic molecule
Colorless cluster

Compact （＜~1 fm）Spatial
size

Wide（~ a few fm）

X(3872): D*0 D0Example Not established yet

Two types of exotic hadrons



Compton Scattering
8 GeV electron

Recoil electron
(tagging)

Laser
LEP
(GeV g -ray)

BGOegg
Calorimeter LEPS2 Solenoid 

Spectrometer

4	UV-lasers

Prism

Mirror

Injection 
of 4 lasers

LEPS2 
Beamline

Intensify beam, 
Cover large solid angle 61



Laser injection system

4 lasers in the laser hutch
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u2013.1.27 first beam 
(1.5-2.4 GeV~4Mcps with a single 24W laser)

Energy spectra of photon beam

mm

m
m

Beam size in the 
experimental hutch
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BGOegg experiment from 2013


