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Baryon spetrosopy is important to understand Quantum Chromo-Dynamis (QCD) at low en-

ergies. We investigate exoti hadrons like pentaquark baryons whih onsist of �ve quarks at

the lowest order of quark on�guration. A nuleon resonane N

�

(1670) whih is observed in

h photoprodution on the neutron is a andidate of pentaquark baryons. A series of p

0

and h

photoprodution experiments was arried out with an eletro-magneti alorimeter FOREST at

Researh Center for Eletron Photon Siene (ELPH), Tohoku University. The inident tagged

bremsstrahlung photon energy ranges from 550 to 1150 MeV. The differential and total ross

setions were obtained for p

0

and h photoprodution proesses on the proton and the deuteron.

The analysis of the nuleon and delta resonane ontribution in p

0

and h photoprodution on the

neutron is underway.
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1. Introdution

Baryon spetrosopy is an important testing ground for understanding the fundamental theory

QCD at low energies where the oupling onstant beomes very large and perturbative alulations

are not appliable. Among the effetive theories in this energy sale, the onstituent quark model,

whih desribes baryons with three valene quarks, has sueeded, and well reprodues the ground

state baryons. Yet, the phenomena that annot be explained by the model have ome out. Some

exited baryons are still missing in spite of various experimental efforts [1℄. The L(1405)S

01

is

proposed as a superposition of two states having different properties [2℄. A mass-order-reverse

problem is laimed between N(1535)S

11

and N(1440)P

11

, and between N(1535) and L(1405) [3℄.

Evidenes for Q

+

pentaquark baryon are reported although its existene is still ontroversial [4℄.

These suggest that a new effetive degree of freedom emerges suh as diquark orrelation in a

hadron, meson-baryon moleule struture, and so on [5℄.

Meson photoprodution is utilized for baryon spetrosopy omplementary to p-N elasti sat-

tering. It should be noted that the formation of exited baryons highly depend on their prodution

proesses. Reently, a narrow resonane has been observed in h photoprodution on neutron. It

was observed at Laboratory of Nulear Siene [6℄, whih is the former name of ELPH at To-

hoku University, GRAAL [7℄ and CB-ELSA [8℄. The resonane would be attributed to a member

of anti-deuplet pentaquark baryons sine no signature orresponding to this bump has been ob-

served so far in the proton hannel. Fig. 1 shows the baryon otet and anti-deuplet pentaquark

baryons. Although the N

0

5

member an be photoprodued from the neutron, photoprodution of the

N

+

5

member having aU-spin of 3/2 is forbidden due to theU-spin onservation beause theU-spin

of the proton is 1/2 and that of the photon is 0. The baryon resonanes have been studied by using

various meson photoprodution reations with an eletro-magneti (EM) alorimeter FOREST at

ELPH.

2. Eletro-magneti alorimeter FOREST

Meson photoprodution experiments were arried out to investigate baryon resonanes at

ELPH, Tohoku University. Bremsstrahlung photons were used as a beam, being generated with

a arbon �ber inserting into irulating 1200 or 920 MeV eletrons in the STrether Booster (STB)

ring. Eah photon was tagged by deteting the orresponding post-bremsstrahlung eletron inside

a bending magnet of the ring. The details of the photon tagging ounter STB-Tagger II are de-

sribed elsewhere [9℄. The energies of the tagged photon beam ranged from 740 to 1150 MeV for

irulating 1200 MeV eletrons and from 580 to 880 MeV for 920 MeV ones.

Two g rays from p

0

! gg or h! gg were deteted with an EM alorimeter omplex FOREST.

The details of the design are desribed elsewhere [10℄. FOREST onsists of different three EM

alorimeters: the forward, entral, and bakward alorimeters onsist of 192 pure CsI rystals, 252

�
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Figure 1: Otet baryons and anti-deuplet pentaquark baryons.

lead sintillating �ber modules, 62 lead glass

�

Cerenkov ounters, respetively. Plasti sintillator

(PS) hodosopes are plaed in front of eah alorimeter. The developed FOREST ryogeni target

system [11℄ enables us to hange targets within 6 hours. The high speed data aquisition system

(DAQ) FOREST-DAQ dediated to the FOREST experiments [12℄ was used. The DAQ ef�ieny

was 76% at the trigger rate of 2 kHz.

3. Preliminary results

Two neutral lusters with the time differene between [�1;+1) ns are seleted as two photons

from a p

0

and a h deay. A delayed luster is identi�ed as a nuleon. No other lusters and

responses of PS is required in the time range [�3;+12) ns. Sine the aidental oinidene events

exist between the photon tagging ounter STB-Tagger II and FOREST, a sideband bakground

subtration is made. The �ve-onstraint (5C) kinematial �tting is applied for the event seletion

where the gg invariant mass onstraint and four-momentum onservation are required.

The total ross setions as a funtion of the inident photon energy are obtained for p

0

and h

photoprodution on the proton by using the hydrogen target events. Fig. 2 shows the preliminary

results of the total ross setion as a funtion of the inident photon energy. The total ross se-

tions for p

0

and h photoprodution on the proton are onsistent with the MAID, SAID, and BoGa

alulations.

A similar kinematial �tting is applied for the analyses of the deuterium target where three

vetor for the momentum of the target nuleon is assumed to be measured as 0 with a resolution of

40 MeV/. The energy of the target nuleon in the initial state is given by assuming the spetator

nuleon should be on mass shell. As for h photoprodution, a similar bump is observed only in the

neutron hannel to the CB-ELSA one. The D

15

(1675) bump is observed in the proton hannel and

a lear bump is not observed in the neutron hannel for p

0

photoprodution on the deuteron.

3
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Figure 2: The total ross setion as a funtion of the inident photon energy for p

0

(right) and h (left)

photoprodution on the proton. The data obtained for different eletron irulating energies 1200 and 920

MeV in the STB ring are desribed in different gray sales. The data are ompared with the MAID [13, 14℄,

SAID [15℄, BoGa [16℄ alulations.
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Figure 3: The total ross setion as a funtion of the enter of mass energy W for p

0

(right) and h (left)

photoprodution on the proton and on the neutron in the deuterium target. The data obtained for different

eletron irulating energies 1200 and 920 MeV in the STB ring are desribed in different gray sales. The

data are ompared with the MAID [13, 14℄,SAID [15℄, BoGa [16℄ alulations.

4. Summary

The main purpose of the FOREST experiments is to study the nuleon resonane N

�

(1670),

whih is a andidate for one of the hidden strangeness members in the antideuplet pentaquark

baryons, via h photoprodution on the neutron. The preliminary results of the total and differential

ross setions for the g p! p

0

p and g p! h p reations are obtained. These are onsistent with

the SAID and MAID alulations. A bump has been observed aroundW = 1670 MeV in the total

ross setion for h photoprodution on the neutron, similarly to the CB-ELSA ollaboration. The
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�nal results will be obtained after the further hek of the detetor response in the simulation.

Aknowledgment

This work was supported in part by Grant-in-Aid for Sienti� Researh (B) (17340063) and

for Speially promoted Researh (19002003).

Referenes

[1℄ S. Capstik, W. Roberts: Prog. Part. Phys. 45, S241 (2000);

K. Nakamura et al. (Partile Data Group): J. Phys. G 37, 075021 (2010).

[2℄ D. Jido, E. Oset, A. Ramos, U.G. Meißner: Nul. Phys. A 725, 181 (2003).

[3℄ B.S. Zou: Nul. Phys. A 790, 110 (2007).

[4℄ T. Nakano et al.: Phys. Rev. C 79, 025210 (2009), and referenes therein.

[5℄ M. Kaliner, H.J. Lipkin: Phys. Lett. B 575, 249 (2003);

R.L. Jaffe, F. Wilzek: Phys. Rev. Lett. 91, 232003 (2003).

[6℄ F. Miyahara et al.: Prog. Theor. Phys. Suppl. 168, 90-96 (2007);

H. Shimizu: talk at NSTAR2007.

[7℄ V. Kuznetsov et al.: Phys. Lett. B 647, 23 (2007).

[8℄ I. Jaegle et al.: Phys. Rev. Lett. 100, 252002 (2008).

[9℄ T. Ishikawa et al.: Nul. Instr. and Meth. A 622, 1 (2010).

[10℄ T. Ishikawa et al.: ELPH Annual Report 1, Tohoku University, 2012, p. 1 and referenes therein;

T. Ishikawa: International Journal of Modern Physis E 19 (2010) 2393.

[11℄ R. Hashimoto et al.: Researh Report of LNS 41, Tohoku University, 2009, p. 31.

[12℄ H. Fujimura et al.: Researh Report of LNS 41, Tohoku University, 2009, p. 26.

[13℄ D. Drehsel, S.S. Kamalov, L. Tiator: Eur. Phys. J. A 34, 69 (2007);

web site for MAID: hhttp://wwwkph.kph.uni-mainz.de/MAID/maid2007/i.

[14℄ W.-T. Chiang, S.N. Yang, L. Tiator, M. Vanderhaeghen, D. Drehsel: Phys. Rev. C 68, 045202 (2003);

web site for h-MAID2003: hhttp://wwwkph.kph.uni-mainz.de/MAID/eta2003/i.

[15℄ SAID, CNS Data Analysis Center, web site for SAID hhttp://gwda.phys.gwu.edu/i.

[16℄ Bonn-Gathina Partial Wave Analysis (BoGa), web site for BoGa: hhttp://pwa.hiskp.uni-bonn.de/i.

5


