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LEPS beamline

In operation since 2000
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Polarization of LEP Beam
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LEPS spectrometer

Charged particle spectrometer with forward acceptance
PID from momentum and time-of-flight measurements

SVTX DC1 TOF

AC(n=1.03

Photons \
Target

Di agnet
Start Counter 0.7 Tesla DPC2 DC3
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Events

Particle Identification

Reconstructed mass K/n separation
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Photon beam upgrades by new laser injection methods

* Two-laser injection = The intensity becomes nearly twice. [¥2 Mcps]

- Interference was avoided by using pulsed lasers and a prism.

- In a future project, 4-laser injection is planned at a large aperture beamline.
e Laser power upgrade on a commercial base: 8 — 16 W

= Nearly twice of the intensity was achieved.

Laser beam shaping by a cylindrical expander to increase energy density.
- A test with visible laser was successfully done, resulting in twice of
the energy density. = We plan the application to UV laser.
Deep-UV laser : 355 — 257 nm = Max. E,:2.4—3.0GeV
- The intensity is 100~200 kcps, but it is useful depending on physics purpses.

electron beam
| 400 um |
y laser
& ‘ j}
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Polarized HD target

Present status:

1-mol HD has been successfully polarized with ‘brute-force’
method (14 mK, 17 T, and 50-days aging time)

Polarization > 40% s signa

: : " H i -
Relaxation time ~100 days £" ; F (in Kel-F cup)
(still have non-linearity 3 i -
problem in the NMR system) *°

Next steps

Improve the NMR system (single coil - cross coil)

Transportation test of the HD target from RCNP(Osaka) to
SPring-8 (~130 km) [need to operate five cryostats !]

In-beam check of the HD target - experiment using pol H
Convert polarization from H to D by means of
AFP (adiabatic fast passage) > experiment using pol D
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LEPS Run Summary

er

Jun.06 —Jul. 07  Forward D,,H, 2.4GeV Confirmation of ®*
Sep.07 —Oct. 07 TPC+FWD H, 3.0GeV TPC Commissioning
Oct.07 — Dec. 07 Forward H, 3.0GeV K™ X~ production
Jan.08 —Jul.08  TPC+FWD  H, 3.0GeV K@ @®* production
Jul. 08 — Dec. 08 TPC+FWD H,, D, 2.4GeV Of, A(1405) ...etc

Feb. 09 — TPC+FWD He 2.4GeV O -nuclei search, ¢ A-dep
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Polarization observables with linearly
polarized photon
¢® meson rest frame
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do/dt (0=0) (ub/GeV*)
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T. Mibe, et al., Phys. Rev. Lett. 95, 182001 (2005)
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- *From decay asymmetry, the relative strength of natural-
- party processes to unnatural-parity ones is the same in the
- and regions.

n *The bump structure is not due to unnatural-parity processes
- ONLY.

- *Possible presence of additional natural parity exchange
3_ — signature of 0+ glueball trajectory??
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Coherent production yD—¢D
W.C. Chang, et al. , Phys.Lett.B658:209-215, 2008

3 Conventional Pomeron exchange
oig“‘ @& yNLEPS | Al Titov, B. Kdmpfer, Phys.Rev.C76:035202,2007
_ _ _ 2 - O yLEPS -
Coherent interaction yD—>¢D Is > 25 o w % /
dominantly contributed by e ¢ .
natural-parity exchanges. % 2 -4
® yd—r@d O p—rpp € 15:_ |
_ 3 N
- oel— T (g B
. e -
T $ © osh —N
04— B ====1P
u : | |
o % 4 5 6
Bz — Photon Energy (GeV)
o1 Hints of either modified energy dependence of
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£ (cey)  appearance of new natural-parity dynamics at

low-energy regime. 15



A-dependence of Nuclear Transparency ratio

a
SD/ @® this work
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*Strong suppression is seen in D target.
*Nuclear density effect is unlikely to be the main cause for the suppression.



Backward meson photo-production

Detect protons and identify mesons in missing mass.

——

/ p
7 p/
Ey=15-24 Gey Forward spectrometer

nn,n, o \
P 2 PpX

Missing mass
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Missing mass spectrum yp—->pX
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S/N is better at backward angles.
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n : Differential cross sections

Jlab/CLAS data —— SAID -partial-wave analysis

o
LEPS data ) gonn/ELSA data  ---- Eta-MAID - isobar model
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Wide enhancement is seen above W=2.0 GeV

LEPS result is consistent with ELSA & CLAS results. 19



Setup with TPC

An, 27
Decay products Dipole Magnet
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Photoproduction of £(1385) and A(1405)
2004 Apr—Jul. Sep —Dec Forward spectrometer + TPC

CH, 9x10 photons C 5x10" photons

Production ratio of A(1405)/2(1385)
» K* detection at the forward angles 0.8<cos6, <1

yp —> K*Z(1385) > K*A - K* pr~ n®
vy p —> K A(1405) > K*Z* " > Kttt ' n

2000 Dec-Jun Forward spectrometer

Liquid H, 2 X102 photons
Production cross section of A(1405)+X(1385)

Nityama et. al. PRC 78, 035202 (2008)



Differential cross section of X(1385) production

1.5<Eg<2 GeV (.8040.092 9962 pb
2.0<Eg<2.4 GeV 0.87+0.064 *0te: b

Consistent with theoretical calculation using effective
Lagrangian (~0.8ub, 0.8<cos6<1) by Oh et al.
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Differential cross section of A(1405) production

+0.034 —
1.5<Eg<2 GeV 0.43 +0.088*( 1 Ollub RKN bound state
2.0<Eg<2.4 GeV 0.072 £ 0.061 "7 1556 M0 proposed by D.Jido

~0.7 and Y.En'yo PRC 78,
gl o 0.8<c0ostcm<1 035203(2008)
8 045<t<0.12 Gev? M ~ below KKN
%0_5 - | -0.37<t<-0.08 GeV/?2 threshold (1930 I\/IeV)
3 f ['~90 MeV
504 -
3 S.l. Nam et al. A(1405) 00(980)

0.3 - arXiv:0806.4029

" Nacher et al.
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23



Near-threshold Photoproduction of A(1520)

nucl-ex/0904.2034 (submitted to PRL) :
New measurement at low energies and with a neutron target.

[do/dcosO(yd—K*°A*)]/[do/dcosO(yp—K+*A*)] = 1.02+0.11
at 120°<0+/0<180° and 1.75<E,<2.4 GeV
— A strong suppression of yn—K°A”", which indicates a dominance of
a contact-term contribution or a small contribution from K* exchange.

Differential cross sections, decay asymmetry, and photon beam asymmetry
measured by yp—K*A™ at forward K* angles are compatible with this.

The dominance of the contact-term contribution may explain
a possible suppression of yp—>K°®* relative to yn—>K ®*.

- The c-channel is necessary to conserve gauge

Y - K v K ) i i
M‘\N\Tx" {/ invariance along with t-channel K exchange.
K(@) or K*(z) § o - K* exchange is independently gauge invariant.
N —— - N A* - The c-channel couples only with charge-

t or y—channel c—channel exchange reactions.
24



Quasi-free production of ®* and A(1520)

detected ~.
Ey=1.5~2.4 GeV
v
n o (1520)
p @ n n @ p

Data was taken in 2002-2003. spectator /

*Both reactions are quasi-free processes.
*Fermi-motion should be corrected.

*Existence of a spectator nucleon characterize both reactions.

25



Minimum Momentum Spectator Approximation

(MMSA)
K
tagged " detected
d Y
at rest @
Nucleon from
We know 4 momentum of pn system decay or scattering

v

M., and Py

IPeul andV

Direction of pgy, is assumed so that the spectator can have
the minimum momentum for given |pCM| and VCM 26



Events/0.01 GeV/c

2-fold roles of p,,,
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Results of A(1520) analysis

pK- invariant mass with MMSA: Fermi motion effect corrected.

WP ] Structure withh width less than 30
i MeV/c? requirgs a physics process
8 | ; or fluctuation. -

Events/0.00625 GeV/c>

The total crosg section is ~1 pub,
which is consistent with the LAMP2

- measurements.
40

20 -

0 bk =
14 145 15 155 16 165 1.7 175 18 185 1.9
M(pK) GeVi/c?

A(-2InL) =55.1 for Andf=2 ——> 7.1c
Prob(7.10) =1.2x107*
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Results of ®* analysis

nK* invariant mass with MMSA: Fermi motion effect corrected.

23
o
|

Signal yeild: 116 + 21 events

‘ Differential cross-section: 12 + 2 nb/sr
ph;
fu -

50 |-

|| { Peak position: 1.527 £0.002 GeV/c*

Events/0.00625 GeV/c2

30 |

- i
I A _ I' X i
! e iy ]
20 & i -

I ¥ \Y # i
10 F + 1 ]

Nl

0 | W I ]
14 145 15 155 16 165 1.7 175 18 185 1.9
M(nK") GeV/c?

“The narrow peak appears only after Fermi motion correction.”
A(-2InL) =31.1 for Andf=2 —— 5.2 Prob(5.20") =2x10~
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Next step

Probability of 1/5000000 may not be low enough.
"Extraordinary claim requires an extraordinary evidence."

High statistics data was collected in 2006-2007 with the
same experimental setup.

Blind analysis is under way to check the ©* peak
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Check of high-stat data with A(1520)

2006-2007 data

D 100
. Eniries 3724
o Mean 1.547
RMS BO46E-01
v/ndl 2307 / 16
P1 1373+ 3.019
| B2 1.517 + J021E-02
P3 -409.3 + 9741
P4 247 + 64,45
- Height=137.3+8.0
S/IN =1.65%+0.14
i} ®* region
was masked.

Counts

90

2002-2003 data

80 |
70 ¢
60 |
50 |
40 |
30 ¢
20 |

10 |

0

D 400
Entries 1306
Mean 1550
RMS H506E-01

Z/nal 1474 7 16

Height=47.51+4.6
SIN =1.71%0.22

_||I|IIII|IIII|IIII|IIII|IIII|IIIIIII|IIII|IIII
14 145 1.5 155 1.6 165 1.7 1.75 1.8 1.85 1.9
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Fitting was carried out with fixed width(16MeV/c?)
Ratio of height = 2.89+0.32 « consistent with the luminosities
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O* study: Status and Prospects

1. We obtained and reported a positive result from 2002-2003 data
analysis. Phys. Rev. C 79, 025210 (2009)

2. Data with 3 times more statistics has been already taken.
3. Blind analysis is in under way out to check the peak (in a month).

4. New experiments with a Time Projection Chamber has been carried
out since Jan 2008. - wider angle coverage and ©* reconstruction
in pK, decay mode.

5. If the peak is confirmed, we will submit a proposal to carry out a
conclusive experiment by using a low energy K* beam at J-PARC.

Production of unmasked ntuples will be finished in
this week.



Summary

Backward Compton sattered photons and forward
spectrometer at LEPS provide us with unique capability to
study hadrons through its production and decay.

 Linear polarization can be used as a parity filter.

* Photo-productions of the ¢, n, A(1405) show unexpected
energy dependences in ~2 GeV region.

* For ®*pentaquark, an intensive study is in progress. The
results from the high-statistics dedicated runs will be
finalized and open soon.
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