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IntroductionIntroduction

How are quarks confined in Hadrons How are quarks confined in Hadrons 
Production mechanism of hadronsProduction mechanism of hadrons
Decay property of hadronsDecay property of hadrons
PentaPenta--quark exists?quark exists?

Interaction between Hadrons Interaction between Hadrons 
Role of GluonRole of Gluon
MesonMeson--baryon baryon picturepicture QuarkQuark--Gluon picture?Gluon picture?
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Beam line map of SpringBeam line map of Spring--88



LEPS facilityLEPS facility

Laser hutch

SPring-8 SR ring

Experimental hutch

Laser Electron Photon (LEP) beam

Laser light

8 GeV electron
Recoil electron

Tagging counter

Collision
Backward-Compton scattering

36m
70m



Laser Electron Photon (LEP) BeamLaser Electron Photon (LEP) Beam
8 8 GeVGeV electrons in SPringelectrons in SPring--8 + 351nm (257nm) 8 + 351nm (257nm) ArAr laser laser 
⇒⇒ maximum photon energy  2.4 maximum photon energy  2.4 GeVGeV (3.0 (3.0 GeVGeV))

－－EEγγ measured by tagging a recoil electron measured by tagging a recoil electron ⇒⇒ EEγγ>1.5 >1.5 GeVGeV, , ∆∆EEγγ ~10 ~10 MeVMeV
Laser Power ~6 W (UV)Laser Power ~6 W (UV)⇒⇒ Photon Flux  Photon Flux  ~1 ~1 McpsMcps

1.5W1.5W (Deep(Deep--UV)UV) 200 200 kcpskcps

PWO measurement Linear Polarization of γ baem

photon energy [MeV]

Energy spectrum of 

BCS photons

Bremsstrahlung
tagged

photon energy [GeV]

2-laser injection at BL33LEP..
⇒ ~2 Mcps



LEPS forward spectrometerLEPS forward spectrometer

( ~106 /sec)

• Target(16cm) LH2, LD2, etc.
• AC  index = 1.03 

to reject e+e- pairs
• SSD 120µm pitch
• DCs  σ ~ 200 µm
• Magnet 135 x 55 cm2, 

( 35o x 15o)
B = 0.7T

2m



Particle identificationParticle identification
Reconstructed mass spectra

σσPP ~6 ~6 MeV/cMeV/c for 1 for 1 GeV/GeV/cc, , σσTOFTOF ~150 ~150 psps
K/K/ππ separationseparation 10 10 σσMASSMASS



Results Results 
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W.C.ChangW.C.Chang et al. PLB. 658(2008)et al. PLB. 658(2008)
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Bump structure!

0.5  purely Natural Parity

Σ(γγdd φφdd)= 0.48 +-0.1(sys)



θθ++ searchsearch

DD22::γγnn θθ++ΚΚ−− n(n(ΚΚ++ΚΚ−−)   )   
γγdd θθ++Λ(1520)Λ(1520) nnΚΚ++((ppΚΚ−−) ) 

2002/20032002/2003
Final result will be reported.Final result will be reported.

2006/20072006/2007
The same measurement was The same measurement was 
performed to confirm previous performed to confirm previous 
measurement and blind analyses are in measurement and blind analyses are in 
progress.  progress.  
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Other resultsOther results
PhotoproductionPhotoproduction of of ΛΛ(1405) and (1405) and ΣΣ00(1385) on the proton at (1385) on the proton at E(E(γγ) = 1.5) = 1.5--2.42.4--
GeV.GeV.
M.NiiyamaM.Niiyama, , et al.et al., , arXiv:0805.4051arXiv:0805.4051

BackwardBackward--angle angle photoproductionphotoproduction of of ππ00 mesons on the proton at mesons on the proton at EEγγ=1.5=1.5--
2.4 2.4 GeVGeV, , 
M. Sumihama, M. Sumihama, et al.et al., Phys. , Phys. LettLett. B 657 32(2007) . B 657 32(2007) 

Measurement of the Measurement of the γγpp →→ KK++ΛΛ reaction at backward anglesreaction at backward angles,,
K. Hicks, K. Hicks, et al.et al., , Phys. Rev. C 76, 042201(R) (2007)Phys. Rev. C 76, 042201(R) (2007)..

Differential Cross Section and PhotonDifferential Cross Section and Photon--Beam Asymmetry for the Beam Asymmetry for the 
γγnn→→KK++ΣΣ-- Reaction at Reaction at EEγγ=1.5=1.5--2.4 2.4 GeVGeV,,
H. Kohri, H. Kohri, et al.et al., , Phys. Rev. Phys. Rev. LettLett. 97, 082003 (2006). 97, 082003 (2006).  .  

φφ photophoto--production from Li, C, Al and Cu nuclei at production from Li, C, Al and Cu nuclei at EEγγ=1.5=1.5--2.4 2.4 GeVGeV, , 
T. Ishikawa, T. Ishikawa, et al.et al. Phys. Phys. LettLett. B 608, 215 (2005). B 608, 215 (2005).  .  



Deuteron Photodisintegration Deuteron Photodisintegration 
at 1.5at 1.5--2.4 2.4 GeVGeV photon energyphoton energy



γγdd pnpn at at EEγγ==11--4 4 GeVGeV
MesonMeson--nucleon nucleon QuarkQuark--gluongluon

((pQCDpQCD))
Which energy does the transition Which energy does the transition 
appear?appear?
How to develop model describing How to develop model describing 
physics underlying here?physics underlying here?

pQCDpQCD
•• ConstituentConstituent--counting rulescounting rules

((ds/dtds/dt)) ABAB CDCD ~ s~ s22--n n f(f(θθ cmcm) ,n=13) ,n=13

 But at forward region
 No scaling Non-pQCD

SLAC(1988)
JLAB HALL C(1998)



NonNon--pQCDpQCD modelmodel

QuarkQuark--Gluon String modelGluon String model
ReggeRegge theory evaluated by theory evaluated by 
3 quark exchange.3 quark exchange.
IsovectorIsovector--IsoscalarIsoscalar photon coupling. photon coupling. 

Hard Quark Hard Quark RescatteringRescattering modelmodel
Quark exchange between nucleons.Quark exchange between nucleons.
Empirical NN  scattering amplitude.Empirical NN  scattering amplitude.

Model based on MesonModel based on Meson--Baryon Baryon 
theorytheory (at (at EEγγ<1 <1 GeVGeV) ) 

V. Yu. Grishina et al., EPJ A19, 117 (2004)

L. L. Frankfurt et al., PRL. 84, 3045 (2000)

A. E. L. Dieperink and S. I. Nagormy, PL. B456, 9 (1999)

M. M. Sargsian et al., PL. B587, 41 (2004)



CLAS dataCLAS data
M.Mirazita et al., PRC 70, 014005 (2004)

QGS:  local peak
HQR:      no peak  
CLAS data tends to show local peak

LEPS is suited and has good acceptanceLEPS is suited and has good acceptance.



Polarization observablesPolarization observables
pQCDpQCD
• Hadron Helicity consevation

θ cm~90o

Σ +1 (Isovector)
-1 (Isoscalar)

Non-pQCD
Σ (QGS) = 0.4-0.5 at 2 GeV

Isovector and Isoscalar
photon coupling

  

Σ

F.Adamian et al EPJ A8,423(2000)



Target

AnalysisAnalysis
LDLD22/LH/LH22 at 2002/2003  experimental periodat 2002/2003  experimental period
Single proton in LEPS spectrometerSingle proton in LEPS spectrometer

θθlablab < 20< 20oo, p>2.0 , p>2.0 GeV/cGeV/c   θθcmcm<40<40oo

5 σ cut
Start counter

SSD



Squared Missing MassSquared Missing Mass

LD2 LH2

γd pn
~6000 ev

Inelastic process coming from 
target windows (Kapton foil).



Yield estimate of Yield estimate of γγdd pnpn
LH2 targetLD2 target

Excess from the fit is 1.2-
1.4 times larger that LH2 
case

Sys error(10-30%) 
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y

Contamination of BG~20%
in 3Mσ region



Differential cross sectionDifferential cross section

Pr
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m
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y

LEPS data points    is LEPS data points    is 
increased toward smallest increased toward smallest 
angleangle

NoNo local peaklocal peak

QGS model X QGS model X 
HQR model OKHQR model OK



Photon beam asymmetryPhoton beam asymmetry

NNv(hv(h)) :Yield of vertical (horizontal) :Yield of vertical (horizontal) polpol..
φφ : : AzimuthalAzimuthal angleangle
PPγγ : Polarization of photon: Polarization of photon

)2cos( φγP
NN
NN

hv

hv Σ=
+
−

0.09(0.04)0.09(0.04)0.830.831.91.9--2.42.4

0.13(0.05)0.13(0.05)0.630.631.51.5--1.91.9

ΣΣPPγγEEγγ [[GeVGeV]]

Σ(Σ(allall))=0.11(0.03)=0.11(0.03)

Σ(pQCD) = 1. 

Σ(QGS) = 0.4-0.5 Too strong Isovector?
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Mn(-3+2)σ
BG    20%

Sys.Err 5%



Recent Experimental SetupRecent Experimental Setup
Forward + TPCForward + TPC

γ+ N K* +Θ+

K π

K0 p
K+ n

γγpp-->K>K**ΛΛ(1405)(1405)
πΣ -> πΣ ΚΝ -> πΣ

JidoJido--OllerOller--OsetOset--RamosRamos--MeissnerMeissner, , 
NNucl.Phys.A725:181ucl.Phys.A725:181--200,2003200,2003: : nuclnucl--th/0303062th/0303062



TPC + Forward spectrometerTPC + Forward spectrometer
A TPC(Time Projection Chamber)
is installed with a  superconducting 
solenoidal Magnet (~ 2 T) and Liquid 
target 

Aerogel
Cherenkov

Fwd
solenoid

dipole
TPC

inner

outer

D
rif

t C
ha

m
be

r

targetγ

vacuum chamber
target liquefaction

room



Time Projection ChamberTime Projection Chamber

Pad Pad xyxy postionpostion
size : 5.1mm x 14.5mm
225pads/ 1sector

Field cageField cage
Drift voltage = 12.1kV/75cm 
P10 gas( Ar90% CH4 10%)

 Drift Velocity ～52mm/μs

P
ad

 p
la

ne

shield wire drift electrode

P10 gas N2 gas

field cage strip electrode

60
 c

m

72 cm

gate wire

shield
anode/potential

Anode
Potential

Position resolution 200µm



Liquid Target SystemLiquid Target System

~600 mm 145 mm

40 m
mCFRP (1mm)

4 K Cryogenic refrigerator4 K Cryogenic refrigerator
H2, D2, 4He

Target cellTarget cell
Kapton foil (125µm thick)

ChamberChamber
CFRP (1mm thick)



TPC

PMT of outer scintillator

solenoiddipole

γ

before installing target

SetupSetup
after installing target

liquid target system

upstream veto
scintillator

PMT & light guide
of inner scintillator



Set upSet up

Upstream veto counter  was replaced with larger one.



Preliminary AnalysisPreliminary Analysis

LH2 target

CFRPempty target

Kapton film

Vertex distributionVertex distribution
Clear shape of LH2 target & CFRP cap
Empty target peak of Kapton films

Drift velocity determination
51.53  mm/51.53  mm/μμss

Position ResolutionPosition Resolution
Y position is determined by wire 

position only and ADC information is 
not included yet.

XY Z 



Particle identificationParticle identification

PIDPID
Energy loss, Momentum, chargeEnergy loss, Momentum, charge

KaonKaon is not still visible.is not still visible.

Further analysis is in progressFurther analysis is in progress p

π- π+

momentum x charge [GeV/c]

En
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s 

in
 T

PC



PlansPlans

Deep UV laser Maximum Photon energy 3.0 GeV because of K* production 
Photon intensity 100kcps

estimated number of K* (γp K*Θ+) detected by NTPC ~ 400

2008Jan~2008July2008Jan~2008July

(assuming σ (γp K*Θ+) =10nb)

From 2008JulyFrom 2008July

UV Laser 1Mcps  But maximum energy is limited to 2.4 GeV

Η2  
γp Κ+Λ(1405) K+ (Σπ)
D2
γn K+θ+

Missing mass p ( γ, K+)    (GeV/c2)

Σ+π- and Σ-π+



New beam line project (LEPS2)New beam line project (LEPS2)

Higher intensity and energy photon beamHigher intensity and energy photon beam

General purposed detector General purposed detector 
Large acceptanceLarge acceptance
Detection for neutral particlesDetection for neutral particles



New Beamline Project at SPring-8
Backward Compton Scattering

SPring-8 SR ring

Laser hutch

Experimental hutch

8 GeV electron

Recoil electron
(Tagging)

BL31ID:
Better divergence beam

⇒better tagger resolution
⇒collimated photon beam

Inside
building

Outside
building

30m long line
（LEPS 7.8m)

Large 4π spectrometer
Better resolutions in θlab>10°.
Simultaneous photon detection.

Laser or
re-injected 

X-ray

High intensity：
Multi (ex. 4) laser injection
w/ large aperture beam-line
& Laser beam shaping
~10 7 photons/s （LEPS ~10 

6 ）
High energy：

Re-injection of X-ray from 
undulator

Eγ < 7.5GeV (LEPS < 3GeV)



Experimental building for LEPS2Experimental building for LEPS2

kaon

E949 at BNL



SetupSetup

Virtual laboratory Virtual laboratory http://www.hadron.jphttp://www.hadron.jp



SummarySummary

Since 2001 LEPS experiment has been operated and is Since 2001 LEPS experiment has been operated and is 
unique tool to study unique tool to study hadronhadron structure and  interaction  structure and  interaction  
using polarized photon beam.using polarized photon beam.
Several analyses are in progress and the results will Several analyses are in progress and the results will 
appear soon.appear soon.
TPC and new Liquid target system enable one to detect TPC and new Liquid target system enable one to detect 
charged particle at larger angle. Simultaneous charged particle at larger angle. Simultaneous 
measurements of forward particles and decayed particle measurements of forward particles and decayed particle 
become possible and give more clear insight to study the become possible and give more clear insight to study the 
production mechanism and structure of hadrons.production mechanism and structure of hadrons.
We hope that the new beam line project is approved.  We hope that the new beam line project is approved.  
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New beam Line BL31ID



Tracking systemTracking system
SSD (Cylindrical+ Corn disk)
Double side strip or Pixel type
σ=35um,

Forward MWDC chamber
He4+Ethane,
R = 450 mm,
6 wire plane,
σxy =150um,
X/X0 = 1.1x10-3,

Barrel tracker
Cathode strip + Anode wire
σrφ = 250um, σz = 2-3 mm

Side way tracker 
TPC or CDC
R = 500 mm (24-26 layer),

 σrφ =150um, σz =2mm,



BNLBNL--E949 detectorE949 detector

•Solenoid
1 T

•Inner volume
2.22x2.96 m

•Barrel Photon detector
Plastic & lead sandwich detector
14.3X0
Energy and position 

•Range counter
Plastic scintillators 19 layers
Energy and Range 

Designed for  K+→π+νν



Time Projection ChamberTime Projection Chamber

Operating principle
anode wire & cathode pad

z

x

y

parallel electric & magnetic field( z direction )
induced charge distribution on cathod plane xy position
drift time of ionization electrons z position



Event DisplayEvent Display



Time Projection Chamber

drift region : drift electrode～shield wire= 752mm 

drift velocity calculation with GARFIELD--- maximum at 160V/cm (～52mm/μs)
drift voltage = 12.1kV

electric field definition with field cage (strip electrodes)

Nitrogen gas is used to electrically isolate the field cage from the outer of the TPC.

P10 gas    Ar90% CH4 10%

P
ad

 p
la

ne

shield wire drift electrode

P10 gas N2 gas

field cage strip electrode



Set upSet up

Upstream veto counter  was replaced with larger one.



downstream

forward scintillator

drift chamber

outer scintillator

solenoid

dipole

Set upup



Angular acceptanceAngular acceptance

Acceptance is mainly determined by ee-blocker  
and coverage of azimulatual angle 

well controlled by Monte-Carlo.





Invariant Mass of Invariant Mass of ppππ--

M(pπ-) distribution 
for various cuts of
radial distance of vertex

radial distance > 20 mm30405060

center of peak 
= 1.111±0.001 [GeV/c2]

Preliminary



Invariant Mass of Invariant Mass of ppππ--

Can NTPC reconstruct Λ(1116)?

Correlation between M(pπ-)  and
radial distance of vertex from 
the center of the target 
was checked.

radial distance >25mm
Locus can be seen 
around M(pπ-)~1.11GeV/c2

various cut of 
radial distance of vertex
(>20mm) 

・dip angle <65°

・closest distance of 2track
< 5mm 

(p
π

-)
 m
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φφ photoproductionphotoproduction near near 
production thresholdproduction threshold

Titov, Lee, Toki 
Phys.Rev C59(1999) 
2993

PP22 : 2: 2ndnd pomeronpomeron ~ 0~ 0++

glueballglueball (Nakano, Toki (Nakano, Toki 
(1998))(1998))

Data from: SLAC('73), 
Bonn(’74),DESY(’78)

Decay asymmetry

helps to disentangle 
relative contributions

unn

unn

σσ
σσ

σσ
σσ

φ
+
−≅

+
−=Σ

//

// ⊥
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X.Jiang et al, PRL 98,182302(2007)

E γ =2.0 GeV

Polarization observablesPolarization observables
pQCDpQCD
• Hadron Helicity consevation

θ cm~90o

Py 0, Cx 0, Cz 1
Σ +1 (Isovector)

-1 (Isoscalar)
Non-pQCD
Σ (QGS) = 0.4-0.5 at 2 GeV

Isovector and Isoscalar
photon coupling

  

Σ

F.Adamian et al EPJ A8,423(2000)


