From LEPS to LEPS?2

Dr the exotic hadron (baryon) study

RCNP M. Yosoi

- What is exotic ? (gggqg or qgd+qq -...... )
- LEPS results for ®* and A(1405)

- LEPS2 project
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Photon beam (= neutral vector meson)
merit:  polarization observables
demerit: low interaction rate
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What is ‘exotic’ ?

Baryon resonances in the mean field approach
(Diakonov arXiiv:0812.3418 [hep-pn])

Dirac Hamiltonian for quarks in a baryon:
H=7(iy'0, + () +ir°z(x) + 7V, (X) +7"7°A,(X) +--) = H + H,q
[H.,J]=0, [H,,,KE=T+J)]=0

Neeoel — oo s =17"
000 000
u,d s

FIG. 1: Filled quark levels for the ground-state baryon N (940, %+) The two lightest baryon

multiplets (8, %Jr) and (10, %+} are rotational excitations of the same filling scheme.

Simultaneous ordinary and isospin space rotation: N 2> 4
SU(3) flavor rotation: - octet, decuplet
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hat IS ‘exotic’ ?

A particle-hole excitation for different single particle orbits.
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Nuclear Gamow-Teller transitions
(AL=0, AS=AT=1)

Energy dependence of
NN t-matrix
(PRC24,1073(1981))

[e.g., 90Zr (0*) > 90NDb (1+) ]
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Reaction: (p,n), (3He,1), ... = W i
Energy: relatively large V. IO S i et M

Angle:  very forward Ep (MeV)
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Nuclear Gamow-Teller transitions

58Ni(p,n)
E,=160MeV, 0-deg., IUCF
J.Rapaport et al.,
| —— Ils,.' _ ‘ls..' .l.'s".l&r. S— .ls.... S— Nucl.Phys. A410 (1983) 371.
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Quasi-bound d+t cluster state
(°Li(p,2p)°He* coincidence with decay particles)

ipapie
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d+t quasi-bound state
reaction \
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6Li (gnd.) SHe" [#+d] @ d
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200 | Li(p,2p-x) SHe(3/2%) Q, 3

Counts

Ground states of nucleon 5-body system 0
are unbound. E,CHe) (MeV)




LEPS results for ®* and A(1405)
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Super Photon ring — 8 GeV
o 8 GeV electron beam
e Diameter =457 m
« RF 508 MHz
e One-bunch Is spread
within =12 psec.
e Beam Current =100 mA
e Top-up Injection

Osaka — SPring-8: about 120 km,
One and half an hour highway drive.
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Characteristics of BCS photons
(BCS:Backward Compton Scattering)
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With LEPS, what can be aimed at ?

Photoproduction Threshold
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Key words :

1. Forward angle
measurement
Including O deg.

2. Polarization
observables

3. Strangeness
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LEPS forward spectrometer b

Same acceptance for the
positive and negative charged particles

TOF gvall ((I) 9 K+ K_)

e Target LH,, LD,, etc.
* AC index =1.03
to reject e*e” pairs
e SSD 120um pitch
* DCs ¢~ 200 um
e Magnet 135 x 55 cm?,
( 35° x 15°)
B=0.7T
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Particle identification

Reconstructed mass spectra
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*TOF : RF signal - TOF wall, At =120 ps
Momentum : SSD, DCs, Tracking
Ap ~ 6 MeV/c for 1 GeV/c K
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Experimental setup with TPC

Two types of TPC’s are | TOF Counters
installed at 2004 and 2007 Dipole Magnet !

with a superconducting

Solenoid magnet (2 T) Start Counter

Buffer Collimator

photon beam ‘
> - | -1~ I TPC

~2. 4GeV

Solenoid

Collimator

Up Stream e+e-
Veto Counter

Aearogel Cherenkoy,
Counter

Drift Chambers

0Om 1m 2 1m 3m 41m
l I l | l

Measure both production and decay simultaneously !
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LEPS experiments (2000 — 2009)

year 2000 2001 2002 2003 2004

Linearly Polarized E_y < 2.4 GeV

\ 4

photon beam

A

BL construction

& Comissioning LH2 nuclear nuclear
arget >: (short) t:at;getg . LH2, LD2 (long) X targets . nuclear targets
Forward LEPS spectrometer c(i;:tne‘cr:cir Fwd s;:-e_tlz_’ggrimleter
detector < > —> <«
Tagger (SSD—ScFi)
year 2005 2006 2007 2008 2009
LP E_y LP E_y < 2.4 GeV LPEy<24GeV LPEY

photon beam <3 GeV (8W Paladin x2) LPEy <3 GeV (test 16W Paladin) < 3 GeV

— < > < > < > <

new target system for TPC LH2

LD2, LH2 (long) (LM, LD2, LHe ) (long)

target

v
y 3
N

Fwd spectrometer
Forward LEPS spectrometer + TPC-II Fwd

v
N
v
y N

detector

v
y 3

A

development of polarized HD target
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®* search

- Minimum quark content : 5 quarks uudd §
e Quantum numbers of pentaquarks : not 3-quark

Theoretical Prediction of ®*

uudds
®*(1530)

m Exotic: S=+1
N(1710) m Low mass:
1530 MeV
m Narrow width:
~ 15 MeV
m Jt=1/2*

¥(1890)

— £(2070)
ddssu uussd
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First ovservation of ®" from LEPS

o ) ) M = 1.54+0.01 GeV
N K K*+*K—n
yn - ek - T < 25 MeV

Gaussian significance 4.6c

Target: neutron in Carbon nucleus

Background level is estimated by a
fit in a mass region above 1.59 GeV.

15 O

Assumption:

* Background is from non-resonant
K+K- production off the
neutron/nucleus
e ... Is nearly identical to non- 5 ]
resonant K*K- production off the —

proton -

Events/(0.02 GeV/c?)
S
|

—

ol [y
T. Nakano et al., PRL91, 012002 145 15 155 16 165 1.7 1.75 1.8
Mt Moy (GeVic?)
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®* analysis in LD, run
Quasi-free production of ® and A(1520)

detected

/
.
4 .
’ ’
’ ’
’ 4
4 .
4 s
4 4
S< ’ ~ 4
S~ . P S~a .
S~ . R4 ~< P >
S~ v - ~< ’ -
‘\\\ ,/ e S~o ’ i
~ - ~o . g
~o . . ~ .
~ . ~ -
~ -
y -~
~ ~
~ ~
~ ~
~ ~
+ RS .
N ~
< ~
< ~
< ~
< F) ~
~
-~ ~

/'

spectator

m Both reactions are quasi-ifree processes.
m Fermi-motion should be corrected.

m Existence of a spectator nucleon characterize
both reactions. - p(Ng)<~100 MeV/c

Data were taken in 2002-2003 (published in PRC79,025210(2009))
and in 2006-2007 (high statistics, still under analysis)
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Minimum Momentum Spectator Approximation

o,_nucleon momentum
-~ distribution in d

K ! d(e,e’p)n
- : I e = 500MeV
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4-momentum of y, d, K+, K~
—> missing energy and momentum of the pn system w0 helastic 3
—> calculate the possible minimum momentum of Ng

200 [ .
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Results of A(1520) analysis

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

00T Structure witha width less than 30
[ MeV/c? requirg@s a physics process
8 »1 or fluctua ion. -

The total crosg section is ~1 ub,
which is consigtent with the LAMP2
easurements.

Events/0.00625 GeV/c>

60
40 -

20 -

0‘ H
14 145 15 155 16 165 1.7 175 18 185 1.9
M(pK’) GeV/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.

3 °f | Peak position: 1.527 +0.002 GeV/c’
§ s [ N ' } Signal yeild: 116 + 21 events
% : " II | Differential cross-section: 12+ 2 nb/sr
LI g T

wh + p 1PRC 79, 025210 (2009)

i : A ' i -
- Al T ]
L "' " I iL E
20 | & F -
[ )¢ M\ # ]
10 - of + V-

o | 1
14 145 15 155 16 165 1.7 175 1.8 185 1.9
M(nK") GeVic?

“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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O summary

« We observed a 5-c peak in the Fermi-motion corrected nK*
iInvariant mass at 1.527 GeV/c?

 New data set with 3-times more statistics was taken.
Blind analysis is under way to check the validity of the peak.

*A new experiment with a TPC was carried out in 2008-2009:
wider angle coverage and ®* reconstruction in pKs decay mode.
(But PI and momentum resolutions are not good.)

- LEPS2 and J-PARC (formation)



"
Study of A(1405) b

e 3 guark or meson-baryon molecule or 4g-gbar pentaquark?
gq LS force is too small to explain the mass of A(1405).
meson-baryon molecule has been suggested. 1-pole or 2-pole ?

* Low energy K-bar N interaction

Kaonic nucleus, Kaon condensation in the neutron star

o K-bar K N molecular state?
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Counts

A(1405) photoproduction at LEPS
yp—> K™ X

14000 A(1116) .

: missing mass spectrum can not separate
12000 F .

[ °a193) KN thresholg | /A(1405) and 2(1385) L
10000 - —> detect decay products and distinguish
8000 | two resonances

: A(1520)

: A(1405)/ _
w0t ) 258 7p— K*A(1405) - K2 2" - K'ng'z)
4000

; yp— K™2(1385)° > KAz’ — K°
2000 |

0 e e e s e 1T s

Missing Mass (GeV/c?)

- line-shape of A(1405) in p(y, K* *), p(y, K* ©°) reactions
J.K.Ahn et al. NPA 721,715¢(2003) (Fwd only)
Interference of Xr scattering amplitude

Differential cross section of A(1405) production
M.Niiyama et al. PRC78,035202(2008) (Fwd + TPC)
Enhancement of cross section near threshold.
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Lineshape of A(1405) b
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Spectrum of A(1405) In 2 Ey bins [CH,-C] b

counts / 0.01 GeV/c

® data
o X(1385) (An’ mode)
2T phase space A#/Z% = 0.54 + 0.17 (1.5<Ey<2.0)
K*(892)% 0.074 £ 0.076(2<Ey<2.4)
== theoretical model
" 1.3<Ey<2.0 GeV 20<Ey<24GeV
- %'/ ndf= 43 /24 © ™ 92/ ndf= 42/24
s 182+*26 events % P 43432 events
L w L
so:— oy 1
- =
a0 2
i =
N =]
20_— 8
0_.'.'.' |.|.,I, N I‘I.I.|.|.|.|.l.l.l"".'.l..'Y'."" |, | A ....'.'I'.'.'.'.‘I'.'.’.’.'

1.3 1.35 1.4 1.45 1.5 1.55 1.6

MM(K") (GeV/A)
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MM(K) (GeV/d)
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Absolute value of the differential cross section b

Using the ratio of A(1405)/3(1385) ,
0.8<c0s0, <1 the absolute value is obtained from LH2 data.

1.6 < by, <20GeV 20<E,<24GeV
do /d(cos 8) [ub] do/d(cos @) [ub]

A*(1405)  0.43 £0.088799% < 0.17 with 95 % C.L.
>*0(1385)  0.80 + 0.0927-9%° 0.87 + 0.06479 52

- Strong enhancement of A(1405) production near threshold.
Exotic mechanism may contribute A(1405) production.
- on going analysis for LH2 data in 2007-2008
- obtain moer precise differential cross section
- photon beam asymmetry
* p(y,K™)A(1405)
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Bump structures around 2 GeV in other reactions

yp—>9p ¥ p— K*A(1520)

Ey (GGV) Ey (GGV)
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LEPS2 project
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LEPS new beam line (LEPS2) b

e Beam upgrade:

Intensity --- High power laser, Multi laser(x4)
--- Laser elliptic focus

@ > & 2x108 = 107 /sec for 2.4 GeV
2x10° > 106 /sec for 3 GeV

Energy --- Laser with short A,
(re-injected Soft X-ray+BCS (2" stage), = up to ~7.5 GeV

» Detector upgrade: (reaction process & decay process)

Scale &  --- General-purpose large 4r detector = outside of the building
Flexibility Coincidence measurement of charged particles and

neutral particles (photons) < BNL/E949 detector
DAQ --- High speed for the minimum bias trigger

e Physics: Multi-quark (>3)
Workshop on LEPS2 (2005/7, 2007/1)

statistics, acceptance, momentum and PI resolution, neutral particle detection
(especially at large angle)
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Schematic view of the LEPS?2 facllity b
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Divergence of LEP beam

. BL3LID <o, >=14 prad, _ BL33B2 <o, >=58 prad.
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Tagging point

Better divergence - Better tagging resolution
Smaller beam size at the target
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N LEPS2 Main Spectrometer
._ (E949 solenoid magnet) b
47 y-detector / Forward Spectrometer
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Detector Setup

. Barrel Tracker

TPC or ¢pc  MWDC

Target and Vetex detector jmss
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Tracking system

50 45 40 35 30

1.0m

Hel ium bag

1.82m

®Side way tracker (TPC)
R =500 mm (24-26 layer),
Gry =190um, o, =2mm,

®Forward MWDC chamber(450mm)
*He+Ethane (X/X; = 1.1x103)
6 plane (x,x’, u(45) u’(-45), y y’)
Gy =130um,

®Barrel tracker
Cathode strip + Anode wire
Gry = 290um, 6, = 2-3 mm

®5SD (Cylindrical+ Disk)
Double side strip sensor
c=35um,
AZ< 1 mm at 6>20°
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AP/P at forward region

0.04

0.03

0.02

0.01

|
Kaon 1 GeV/c

TPC Ar(90)/CH,(10)
TPC Ne(Bﬂ}!CH4(10) i
CDC He(50)/C_Hy(50)

-9 o o
Helium .
- \.\/_/. .—_\_‘_.:__:_T__—..H___.- ]
i Fd detector Fd + Side i
1 | 1 | 1 1 |
10 20 30

Ley

e 20<6< 170

Vertex + Fd MWDC
No SW tracker

At 10 degree
AP/P =1.3% (He4 gas)
1.9% (Air)

e O0>17°

MS effect in SW tracker
TPC = Ar/CH, or Ne/CH,
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AP/P

AP/P

AP/P

0.15 ——
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0.017
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Momentum dep. of AP/P
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B = 2

b= 4
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0.02}

1 2 3
Momentum [GeV/c]

1 2 3
Momentum [GeV/c]

1 2 3
Momentum [GeV/c]

Ley

17°
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TOP or Aerogel Cerenkov
TOF counter

At50ps 50 45 40 35 30

25
20"
A 5
0
50
beam
Em—
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"SE | -ps2 Schedule

2009FY | 2010FY | 2011FY | 2012FY | 2013FY

E949 detector (BNL): De- | Transfer
compose & partially transfer E949 det.

Submit LEPS2
proposal

Modify SR
chamber

R&D for high
intensity beam

Design & build

Exp. hutch
>
: : —
Polarized HD target: R&D and experiment at LEPS LEPS?

__________________________________________________________
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tatus of the LEPS?2 project

m 2005.6: Discussion for the LEPS2 beamline was started.
m 2005.7: First workshop was held at RCNP
—> Both physics and technical issues.
m 2005.12: Basic agreement for the movement of the E949 detector
was made with BNL and associated laboratories.

= Numerical consideration for getting the high energy y beam by re-
Injection of X-ray has been performed. - Need R&D for the mirror.

Test of the LRNB method for the high intensity LEP
- The same intensity as the normal Gauss beam
2006.4:Test of the two laser injection - succeed !
Disassembling work for E949 detector
Discuss detector design, modification of beamline etc.
2007.1: Second workshop @RCNP
2008.1: Change the plan of the laser injection place.
2008.11: Loan agreement for the E949 detector
LOI to Spring-8: 2006.12 Hearing - Approved. BL31 was assigned.
Budget request: 2008,2009 from RCNP -2 X
Kakenhi “Exotic Hadron” approved (2009- ), Budget request 2010 O?




Beam line map of Spring-8

@® BL22XU JAEA Quantum Structural Science Medical and Imaging | BL20B2 ¥
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® BL24XU Hyogo ID (Hyogo Prefecture) RIKEN SR Physics BL19LXU &

¥ BL25SU Soft X-ray Spectroscopy of Solid __RIKEN Coherent Soft X-ray Spectroscopy BL17SU 4

4 BL26B1 RIKEN Structural Genomics | Sunbeam BM BL16B2 @

¢ BL26B2 RIKEN Structural Genomics Il < é'"dUS“I'E' 08013102';("3 o

. unbeam
¥ BL27SU Soft X-ray Photochemistry {indusirial Consorfium)
X BL28B2 White Beam X-ray Diffraction WEBRAM BL15XU @

@ BL29XU RIKEN Coherent X-ray Optics /:"_:‘_:_____: | (National Institute for Matenals Science)
& BL32XU RIKEN Targeted Proteins I| Engineering Science Research Il BL14B2 X

[ JAEA Materials Science BL14B1 @

@ BL32B2 Pharmaceutical Industry [/ (Japan Atomic Energy Agency)
5 [SE”:;&:;‘;L”B&' ?I%S{’\fmom_;_ip'o‘e‘“ Structure Analysis) ff Surface and Interface Structures BL13XU %
(TOYOTA Central R&D Labs., Inc.) i/ / NSRRC BM BL12B2 @

(National Synchrotron Radiation Research Center)

NSRRC ID BL12XU @

National Synchrotron Radiation Research Center)

JAEA Quantum Dynamics BL11XU @
(Japan Atomic Energy Agency)

High Pressure Research BL10XU ¥
Nuclear Resonant Scattering BLO9XU ¥
Hyogo BM (Hyogo Prefecture) BL08B2 @
2 __High Energy Inelastic Scattering BLO8W ¥

— Univ-of-Tokyo BLO7LSU O
(The University of Tokyo)

___ Accelerator Beam Diagnosis BL0O5SS H
High Energy X-ray Diffraction BL04B2 X
q:_':x.x High Temperature and High Pressure Research BL04B1 ¥

. T Frontier Soft Matter BLO3XU O
@ BL44B2 RIKEN Structural Biology I T~ (Frontier Soft Matter Beamline Consortium)
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¥ BL46XU Engineering Science Research Il ///"' T \Smgle Crystal Structure Analysis BL02B1 ¥
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LEPS2 LOI was approved: BL31 was assigned for LEPS2.

36 Beamline Map

Total number of beamlines : 62

- Insertion Device (6 m)  : 34 ( —==mm)
+ Insertion Device (30 m)
« Bending Magnet

|: BL33LEP Caser-ciecon Photon |

A BL35XU High Resolution Inelastic Scattering [
X BL37XU Trace Element Analysis Iy
X BL38B1 Structural Biology Il j__
B BL38B2 Accelerator Beam Diagnosis /’
¥ BL39XU Magnetic Materials
A BL40XU High Flux

¥ BL40B2 Structural Biology Il

¥ BL41XU Structural Biology |

¥ BL43 IR Infrared Materials Science
® BL44XU Macromolecular Assemblies

(Institute for Protein Research, Osaka University)
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Analysis for 2008A(3 GeV) run

PID in TPC
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K/m/p separation by TOF counter
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