
Recent results of charged pion and kaon photoproduction on the proton at

SPring-8/LEPS

H. Kohri1,2,∗ for LEPS Collaboration

1Research Center for Nuclear Physics, Osaka University, Ibaraki, Osaka 567-0047, Japan
2Nagoya University, Furocho, Chikusa, Nagoya 464-8602, Japan

Abstract. We carry out photoproduction experiments by using linearly polarized photon beams with energies

of 1.5-3 GeV at SPring-8/LEPS. One of our physics motivations is to understand reaction mechanisms of

hadron photoproduction. We study (1) ~γp→ π−∆++, (2) ~γp→ π+n, (3) ~γp→ K+Λ(K+Σ0), and (4) ~γp→ π+∆0

reactions which produce (1) uū, (2) dd̄, (3) ss̄, and (4) dd̄ quark-antiquark pairs in the final state. Differential

cross sections and photon beam asymmetries have been measured at forward meson angles of 0.6< cos θcm <1.

Precise comparison between the π−∆++ and π+∆0 reactions plays an important role in the study of nucleon

resonances. It enables to distinguish between N∗ and ∆∗ by taking the cross section ratios of the two reactions.

We have measured preliminary cross section ratios dσ(π+∆0)/dσ(π−∆++). The ratios are found to be close to

1/3, which is expected from the exchange of isospin=1 in the t channel, for 0.966< cos θcm <1 and all the

photon energies. The ratios become larger than 1/3 and close to 1 for larger angles and higher energy regions.

The larger ratios might be due to ∆ resonances, giving the ratio 4/3, excited in the intermediate state.

1 Introduction

In quark models, there are more nucleon resonances than

those experimentally observed so far [1, 2]. Since nucleon

resonances have relatively wide widths and are overlap-

ping each other, rich physics observables with a wide an-

gular and energy range are needed to search for new res-

onances. One of our physics motivations is to understand

reaction mechanisms of hadron photoproduction. Nucleon

resonances excited in the intermediate states of the reac-

tions are very important to understand the reaction mech-

anisms.

We constructed a beamline for studying hadron photo-

production at a few GeV at SPring-8 in 2000. Linearly or

circularly polarized photon beams were produced by back-

ward Compton scattering of deep-UV laser lights with a

wavelength of 257 nm and 8 GeV electron beams [3]. Re-

coil electrons were tagged to determine energies of the

photon beams (1.5-3 GeV). The photon polarization was

88% at 3 GeV and 28% at 1.5 GeV. The photon beams

were incident on a liquid hydrogen target with an effec-

tive length of 16 cm. Charged particles produced at for-

ward angles were momentum-analyzed by the LEPS spec-

trometer [4]. Particle identification was performed by the

mass calculated from the momentum and Time-Of-Flight.

The LEPS spectrometer was optimized to detect a K+K−

pair from a φ-meson at forward angles [5–11]. We also

extensively studied kaon photoproduction reactions [12–

19]. We newly installed a plastic scintillation counter to

veto e+e− produced by the pair creation and no aerogel
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cherenkov counter was used in order to detect high mo-

mentum charged pions [20].

2 uū, dd̄, and ss̄ productions

We precisely studied the (1) ~γp → π−∆++ [21], (2) ~γp

→ π+n [22], and (3) ~γp → K+Λ(K+Σ0) [23] reactions.

These reactions produce (1) uū, (2) dd̄, and (3) ss̄ quark-

antiquark pairs in the final states. Comparison among

these reactions is of special importance to obtain a unified

understanding of hadron photoproduction. Figure 1 shows

the differential cross sections for the π+n reaction [22].

The cross sections decrease monotonically as the pho-

ton beam energy increases for 0.6< cos θcm <0.9. The

energy dependence is different for 0.9< cos θcm <1

and a small bump structure is observed for Eγ=1.5-2.2

GeV(W=1.9-2.2 GeV). The structure was also observed

by DESY and was inferred to be due to nucleon reso-

nances [24, 25]. In the nucleon resonance energies, CLAS

measured the differential cross sections for wide angular

regions and photon energies from 0.73 to 2.88 GeV [26].

Since the LEPS spectrometer is complementary to the

CLAS spectrometer, the cross section data by LEPS are

the first precise data for forward angles.

We also measured the differential cross sections for the

γp→ π−∆++ [21] and K+Λ(K+Σ0) [23] reactions. All the

reactions have forward-peaking cross sections, which sug-

gests the dominance of t-channel reaction mechanisms.

The cross sections for the π−∆++ reaction by LEPS are

the first high-statistics data. In the present data for the

K+Λ(K+Σ0) reaction, the photon energy region was ex-

tended from 1.5-2.4 GeV [13] to 1.5-3 GeV [23].

EPJ Web of Conferences 241, 01010 (2020)

NSTAR 2019
 http://doi.org/10.1051/epjconf/202024101010

   © The Authors,  published  by EDP Sciences.  This  is  an open  access  article distributed under the  terms of the Creative Commons Attribution License 4.0
 (http://creativecommons.org/licenses/by/4.0/). 



D
if

fe
re

n
ti

al
 C

ro
ss

 S
ec

ti
o
n
s 

d
s

/d
co

s q
 (

m
b
)

E g  (GeV)

(a) 0.6 < cos       < 0.9

(b) 0.9 < cos       < 1

cm

cmq

q

Figure 1. Differential cross sections for the γp → π+n reaction

for (a) 0.6< cos θcm <0.9 and (b) 0.9< cos θcm <1 [22].

The photon beam asymmetries obtained by using lin-

early polarized photon beams are sensitive to the reaction

mechanisms. Figure 2 shows the asymmetries for the π+n

reaction for 0.6< cos θcm <0.9 and 0.9< cos θcm <1 [22].

The asymmetries are positive in this kinematical region,

which is mostly explained by ρ-meson exchange in the t

channel [27]. The asymmetries increase as the π+ angle

becomes smaller.
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Figure 2. Photon beam asymmetries for the ~γp→ π+n reaction

for (a) 0.6< cos θcm <0.9 and (b) 0.9< cos θcm <1 [22].

The asymmetries for the K+Λ and K+Σ0 reactions [23]

are also positive and smaller than those for the π+n reac-

tion. The positive asymmetries are mostly explained by

K∗-exchange in the t channel [27]. Since the asymme-

tries gradually increase as the photon energy increases, the

contribution from the K∗-exchange is inferred to become

larger with increasing photon energy.

Figure 3 shows the asymmetries for the π−∆++ reac-

tion [21]. It is interesting that only the π−∆++ reaction is

found to have negative asymmetries in most of the present

kinematical region. The negative asymmetries are ex-

plained by the dominance of π-exchange in the t chan-

nel [21]. In other pseudoscalar meson photoproduction

reactions, such as ~γp → π0 p [28, 29] and ηp [30, 31],

positive asymmetries were observed at forward meson an-

gles in this energy region. Pure uū quark-antiquark pair

production might have different reaction mechanisms from

the dd̄ and ss̄ productions. Negative asymmetries for the

π−∆++ reaction are expected to be a key to obtain unified

understanding of hadron photoproduction.
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Figure 3. Photon beam asymmetries for the ~γp → π−∆++ reac-

tion for (a) 0.7< cos θcm <0.9 and (b) 0.9< cos θcm <1 [21].

3 Comparison between the γp→ π−∆++ (uū

production) and π+∆0 (dd̄ production)

reactions

The γp→ π+∆0 reaction, which produces a dd̄ pair in the

final state, has an interesting relation to the π−∆++ reac-

tion producing a uū pair. Clebsch-Gordan coefficients pre-

dict cross section ratios of the two reactions in the case

of the excitation of isospin 1/2(N∗) and 3/2(∆∗). If a nu-

cleon resonance is excited in the intermediate state, the
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cross section ratio dσ(π+∆0)/dσ(π−∆++) becomes 1/3. In

case a ∆ resonance is excited, the cross section ratio be-

comes 4/3. In the energy regions relating to nucleon reso-

nances, SAPHIR measured the total cross sections for both

the reactions for photon energies from the threshold to 2.6

GeV [32]. Although SAPHIR also measured the differ-

ential cross sections for the π−∆++ reaction, those for the

π+∆0 reaction were not measured because of low statistics.

Figure 4 shows the missing mass of the γp→ π+X and

γp → π−X reactions. Since the LEPS spectrometer [4]

has the same acceptance for positive and negative charged

particles, precise comparison between the π+X and π−X

reactions is possible.
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Figure 4. Missing mass of the (a) γp→ π+X and (b) γp→ π−X

reactions for 0.7< cos θcm <1 and Eγ=1.5-2.95 GeV.

In the π+X reaction, the neutron peak and ∆0(1232)

bump are clearly observed. The events between the peak

and bump are due to positron mis-identification in the π+

sample. The positron events contaminate the π+ sample

at very forward angles only. The yield of the π+∆0 re-

action was obtained by fitting to the missing mass with a

relativistic Breit-Wigner shape [33, 34] for the ∆0 bump.

The background under the bump was fitted with curves for

2π, 3π, ρ, and positron events which were reproduced by

GEANT simulations [35]. The shapes of the curves were

fixed and the heights of the curves were free parameters to

fit to the background. The number of the π+∆0 events was

about 190 k.

In the π−X reaction, the ∆++(1232) bump is domi-

nantly observed. The events around 1.0 GeV are due to

mis-identification of electrons in the π− sample. The elec-

tron events exist at very forward angles only. The yield of

the π−∆++ reaction was obtained by fitting to the missing

mass [21] with a similar method to the π+∆0 reaction. The

number of the π−∆++ events was about 400 k which was

roughly 2 times larger than that of the π+∆0 events.

Figure 5 shows preliminary cross section ratios

dσ(π+∆0)/dσ(π−∆++) as a function of the photon beam en-

ergy. It is interesting that the ratios are found to be close

to 1/3 for 0.966< cos θcm <1 for all the energies. The

ratio of 1/3 is expected from the exchange of isospin=1

in the t channel. The ρ-meson and π-meson are good

candidates for the exchanged particle. This result means

that the Clebsch-Gordan coefficients work excellently and

our knowledge on the t-channel hadron photoproduction

is correct in this kinematical region. The cross section

ratios become larger than 1/3 for 0.9< cos θcm <0.966

and Eγ >2.2 GeV. The ratios become close to 1 for 0.7<

cos θcm <0.9 and Eγ >2.4 GeV. One explanation for the ra-

tios close to 1 might be a contribution from ∆ resonances.

If the ∆ resonances are excited in the s channel, the ra-

tios become 4/3. Another explanation is the exchange of

isospin=2 exotic meson, which is expected to give a ratio

of 2, in the t channel. Interference between the ρ-meson

and π-meson exchanges might cause larger ratios. Ad-

vanced theoretical calculations introducing nucleon reso-

nances and exotic meson exchanges are needed to under-

stand the present results.

4 Summary

We have precisely studied photoproduction reactions

which produce uū, dd̄, and ss̄ quark-antiquark pairs for

the first time. The differential cross sections for the γp

→ π−∆++, π+n, and K+Λ(K+Σ0) reactions are forward-

peaking, which suggests the dominance of t-channel re-

action mechanisms. The π+n and K+Λ(K+Σ0) reactions

have positive photon beam asymmetries obtained by us-

ing linearly polarized photon beams. The π−∆++ reaction

is found to have negative asymmetries which are differ-

ent from other pseudoscalar meson photoproduction re-

actions. We obtained preliminary differential cross sec-

tions for the γp → π+∆0 reaction producing a dd̄ quark-

antiquark pair. Precise comparison among these various

quark-antiquark pair productions plays an important role

in obtaining unified understanding of reaction mechanisms

including nucleon and ∆ resonances excited in the inter-

mediate state.

We are developing a polarized HD target [36–39] for

near future experiments at SPring-8/LEPS. The highest

polarization for the proton target was 44±1% and the

longest relaxation time was 8±2 months. Skills for the

transportation of the polarized HD target from Osaka Uni-

versity to SPring-8 are needed before starting physics ex-

periments. We are also developing a large acceptance

spectrometer for charged particles at SPring-8/LEPS2. In-

troducing the polarized HD target to these experiments is
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Figure 5. Preliminary cross section ratios dσ(π+∆0)/dσ(π−∆++)

for (a) 0.7< cos θcm <0.9, (b) 0.9< cos θcm <0.966, and (c)

0.966< cos θcm <1.

expected to advance the study of the nucleon and ∆ reso-

nances.
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