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Hadron spectroscopy
-Still many quark models predicted 

resonances are missing for excited 

baryons (W>2 GeV) 

-Mass ordering problem (e.g. N(1440) 

and N(1535))
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Why photoproduction?

Meson photoproduction
𝛄𝐍 → 𝐍∗𝐨𝐫𝚫∗ → 𝐦𝐞𝐬𝐨𝐧𝐬	𝐍 for light baryon spectroscopy
-Short-lived resonances are overlapped with each other

BGOegg (𝐸! =1.3-2.4 GeV)

GeV Photon probe is 

promising for searching 

these missing resonances



Beam asymmetries| Motivation
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In meson spectroscopy, more states are found experimentally than
are expected from a 𝒒%𝒒 scheme. While in baryon spectroscopy, the
situation is reverse (missing baryon resonances problem).

Polarization observables are important in photoproduction to disentangle the
multitude of contributing resonances.

Linearly polarized photons induced photoproduction of single mesons shows a cos
2φ dependence. Three body polarization observables 𝑰𝒔, 𝑰𝒄 is highly sensitive to
the dynamics of the reaction (intermediate resonance decay properties). 

Baryon resonances can be generated dynamically from the 
interaction of pseudoscalar or vector mesons and ground- state octet 
or decuplet baryons. 

Three-body dynamics of a full quark model or a quark-diquark
picture (one of the constituent particles of a baryon can be regarded 
as a quark and the other particle can be considered as a tightly 
bound state of two quarks, or diquark).

arXiv:1811.01799v2 

Eur. Phys. J. A (2014) 50: 74 



Eur. Phys. J. A (2014) 50: 74 

𝛄𝐩 → 𝛑𝟎𝛈𝐩 beam asymmetries
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Three-body approach : 𝐼', 𝐼(

Quasi two body approach: 1)𝐩 − (𝛑𝟎𝛈); 2) 𝛑𝟎 − 𝛈𝐩 ; 3) 𝜼 − (𝛑𝟎𝐩) 
Fit: 𝑓(𝜙) = 𝐴 + 𝑃 ⋅ 𝐵 ⋅ 𝑐𝑜𝑠2𝜙

Beam Asymmetry: Σ = 	𝐵/𝐴𝑃: 𝑑𝑒𝑔𝑟𝑒𝑒	𝑜𝑓	𝑝𝑜𝑙𝑎𝑟𝑖𝑧𝑎𝑡𝑖𝑜𝑛	𝑜𝑓	𝑝ℎ𝑜𝑡𝑜𝑛	𝑏𝑒𝑎𝑚 

Fit: 𝑓 𝜙 = 𝐴 − 𝑃(𝐵𝑐𝑜𝑠2𝜙 + 𝐶𝑠𝑖𝑛2𝜙)

𝐼# =B/A 𝐼𝒔 = C/A

𝑑𝜎
𝑑Ω

=
𝑑𝜎
𝑑Ω $

1 − 𝑃Σ𝑐𝑜𝑠2𝜙Cross section 

𝑑𝜎
𝑑Ω =

𝑑𝜎
𝑑Ω $

1 − 𝑃 𝐼% 𝜙∗ 𝑐𝑜𝑠2𝜙 + 𝐼' 𝜙∗ 𝑠𝑖𝑛2𝜙)
𝐼#(𝜙∗) = 𝐼#(2𝜋 − 𝜙∗) 𝐼𝒔 𝜙∗ = −𝐼𝒔(2𝜋 − 𝜙∗)

T. Hashimoto, Baryons2025

𝐼' and 𝐼% are sensitive to interference effect, and the relative phase of the amplitudes.
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The CBELSA/TAPS Collaboration Physics Letters B 687 (2010) 11–15 

Solid curve:     Full BnGa–PWA fit

Dashed curve: BnGa–PWA fit excluding 𝟑/𝟐%-wave. 

𝑰𝒏𝒄𝒍𝒖𝒅𝒊𝒏𝒈 𝐈𝐬 and 𝐈𝐜 in fitting:
Through comparing the 𝟑/𝟐#-wave and 𝟑/𝟐$-wave 
contributions to 𝛑𝟎𝛈𝐩, it is found removing the 𝟑/𝟐$-
wave which includes the resonances 𝚫(1700) and 𝚫(1940) 
leads to noticeable discrepancies in the fits.

𝛄𝐩 → 𝛑𝟎𝛈𝐩 𝐈𝐬 and 𝐈𝐜 observables Excluding 𝐈𝐬 and 𝐈𝐜 in fitting:
Claimed evidence for contributions from negative- and 
positive-parity resonances with spin J = 3/2, the 𝚫(1700) 
and 𝚫(1940) (poorly established so far, one-star)
resonances with𝑱𝑷 = 𝟑/𝟐$, and the established 𝚫(1600) 
and 𝚫(1920) (three-star) resonances with 𝑱𝑷 = 𝟑/𝟐#. 

parity	doublet?	𝚫(1940)	and	𝚫(1920)	

E(=1.09 GeV E(=1.33 GeV E(=1.55 GeV
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Eur. Phys. J. A (2014) 50: 74 The CBELSA/TAPS Collaboration 

Polarized beam energy up to ~1.7 GeV

BnGa PWA confirms some nucleon and 𝚫 resonances (only 
fair evidence so far) 

At W=1706 and 1834 MeV， 𝚺(𝛈) is almost 0:
The strongest contributions come from the Δ(1232)η isobar with 
Δ(1232) and η in a relative S-wave

High statistic study of the reaction 𝛄𝐩 → 𝐩𝛑𝟎𝛈

Change in χ)of the multi-channel fit when the coupling of a resonance 
to different decay modes is set to zero and the data refitted. 
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The CBELSA/TAPS Collaboration 
Polarized beam energy up to ~1.7 GeV

Eur. Phys. J. A 50 (2014) 74 

𝐈𝐩𝐬

𝐈𝝅𝐬

𝐈𝜼𝐬

q𝐈𝐩𝐬 , 𝐈𝛑𝐬 and 𝐈𝛈𝐬 obviouly oscillate 

with 𝛟∗, indicating interference 

effects.

qThe magnitude of 𝐈𝐩𝐬 is large (~0.5), 

indicating large spin-alignment of 

the intermediate states   
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BGOegg experiment | setup

LEPS2 Beamline
 (2013~)
1.3~2.9 GeV 𝛄



LEPS2 @ Spring-8
High intensity：
Multi (ex. 4) laser injection
w/ large aperture beam-line
& Laser beam shaping
~5×106 photons/s（LEPS ~106 ）
Photon-beam energy resolution: 12.1 MeV
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BGOegg experiment | setup

A 1.3–2.4 GeV photon beam with high 
linear polarization via laser Compton 
scattering.
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BGOegg experiment | setup

A 1.3–2.4 GeV photon beam with high linear polarization via laser Compton scattering

HASHIMOTO Toshikazu, HADRON2025@Toyonaka, 28 Mar. 2025 
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Target: LH2 (54mm) or Carbon (20 mm)

BGOegg experiment | setup

gg invariant mass (MeV/c2)

C
ou

nt
s/

 4
 M

eV

h (s=14.4 MeV/c2)
w (1g

missing)

h’

20 mm-thick
Carbon Target

p0 (s=6.7 MeV/c2)

M. Miyabe, N. Muramatsu, H. Shimizu, et al., NIM paper in preparation.



𝜸𝒑 → 𝝅𝟎𝜼𝒑 event selection

Ø 𝝅𝟎𝜼光⽣反应实验

液态靶  
系统

BGOegg量能器

液氢靶

内部的塑
料闪烁体

铅屏蔽层

γ射线

0.5 m

UpVeto 计数器

漂移电离室

𝛾

𝑁∗

𝜋"

𝜂

𝛾

𝛾

𝛾

𝜸𝒑 → 𝝅𝟎𝜼𝒑 → 𝜸𝜸𝜸𝜸𝒑

BGOegg
• 1320 BGOcrystals
• Polar coverage: 24˚-

144˚
• EM cluster energy 

threshold: 30 MeV
• 2 hits Δ𝑡 < 2 ns
Planner drift chamber
Polar coverage: θ < 21˚

Tagged beam photons 
reaches 3.320×10,) with
the correction for dead 
times. 

4 neutral clusters
1 charged particle hit
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Polarized beam energy up to ~2.4 GeV



𝝅𝟎𝜼光⽣反应实验

Ø 6 constraints KF
Ø 𝑷 𝝌𝟐 > 𝟐%

𝑃 𝜒) > 2%
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Kinematic fitting (6 constraints):
1-4: 4 momentum conservation
5: invariant mass of 𝜂 
6: invariant mass of 𝜋$ 

𝑃 𝜒! / confidence level

Event selection
𝜋$ and 𝜂 signals

𝜖- = 𝜂- − 𝑦-
𝜂- : fit value
𝑦- : measued value
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Because the not full 𝟒𝛑 coverage of the detector acceptance, 𝛑𝟎𝛑𝟎𝛑𝟎𝐩 will 
be mis-identified in the event selection.
To estimate the 𝛑𝟎𝛑𝟎𝛑𝟎𝐩 background, a template fitting with constraints is 
performed using the invariant mass spectra of 𝐦 𝐩,𝛑 ,𝐦 𝐩, 𝛈 𝐚𝐧𝐝𝐦 𝛈, 𝛑 	in 
several kinematic bins:
(1)Constraints:
1)equality constraints: 1) normalitztion and 2) conservations in different 
quasi-two-body schemes
2)bound constraints: [0,1]
(2)Kinematic bins:
W: (1)W=1810-1980 MeV, (2) W=1980-2150 MeV, (3) W=2150-2320 MeV
𝐜𝐨𝐬𝛉: 5 bins
(3) Branches: 
br1) 𝛄𝐩 → 𝛈𝚫, br2) 𝛄𝐩 → 𝛑𝟎𝐍(𝟏𝟓𝟑𝟓), br3) 𝛄𝐩 → 𝐚𝟎 𝟗𝟖𝟎 𝐩, br4)𝛄𝐩 → 𝛑𝟎𝛈𝐩,  br5) 𝛄𝐩
→ 𝛑𝟎𝛑𝟎𝛑𝟎𝐩

Background estimation (𝝅𝟎𝝅𝟎𝝅𝟎𝒑) Template fitting with constraints



Template fitting

16

br1) 𝛾𝑝 → 𝜂Δ, br2) 𝛾𝑝 → 𝜋!N(1535), br3) 𝛾𝑝 → 𝑎! 980 𝑝, br4)𝛾𝑝 → 𝜋!𝜂𝑝,  br5) 𝛾𝑝 → 𝜋!𝜋!𝜋!𝑝
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𝛄𝐩 → 𝛑𝟎𝛑𝟎𝛑𝟎𝐩 background:

0%-20%

𝑐𝑜𝑠𝜃/1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 10.2−

0

0.2

0.4

0.6

0.8

1

1.2

branch ratiobranch ratio

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 10.2−

0

0.2

0.4

0.6

0.8

1

1.2

branch ratiobranch ratio

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 10.2−

0

0.2

0.4

0.6

0.8

1

1.2

branch ratio

br5(perp.)

br5(para.)

branch ratio

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 10.2−

0

0.2

0.4

0.6

0.8

1

1.2

branch ratiobranch ratio

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 10.2−

0

0.2

0.4

0.6

0.8

1

1.2

branch ratiobranch ratio

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 10.2−

0

0.2

0.4

0.6

0.8

1

1.2

branch ratio

br5(perp.)

br5(para.)

branch ratio

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 10.2−

0

0.2

0.4

0.6

0.8

1

1.2

branch ratiobranch ratio

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 10.2−

0

0.2

0.4

0.6

0.8

1

1.2

branch ratiobranch ratio

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 10.2−

0

0.2

0.4

0.6

0.8

1

1.2

branch ratio

br5(perp.)

br5(para.)

branch ratio

𝑐𝑜𝑠𝜃0

𝑐𝑜𝑠𝜃.

W=1810-1980 MeV W=1980-2150 MeV W=2150-2320 MeV
Difference in
1) Para. (𝜙 ∈ [−45,45] [135,225])
2) Perp. (𝜙 ∈ [45,135] [225,315])

Br
an

ch
 r

at
io



18

1000 1200 1400 1600 1800 2000
,proton) [MeV]0πm(

0

10

20

C
ou

nt
s 

/ 1
0 

M
eV

 p (2014B)η0π

MC (all)
(1232))∆ηMC1 (

)+N(1535)0πMC2 (
(980))

0
MC3 (a

 p (P.S))η0πMC4 (
p)0π0π0πMC5 (

Entries:529
=-0.8θBinn0_para_qtb0_W=1980-2150 MeV_cos

1400 1600 1800 2000 2200 2400
,proton) [MeV]ηm(

0

10

20

C
ou

nt
s 

/ 1
0 

M
eV

 p (2014B)η0π

MC (all)
(1232))∆ηMC1 (

)+N(1535)0πMC2 (
(980))

0
MC3 (a

 p (P.S))η0πMC4 (
p)0π0π0πMC5 (

Entries:529
=-0.8θBinn0_para_qtb0_W=1980-2150 MeV_cos

600 800 1000 1200 1400
) [MeV]η,0πm(

0

10

20

C
ou

nt
s 

/ 1
0 

M
eV

 p (2014B)η0π

MC (all)
(1232))∆ηMC1 (

)+N(1535)0πMC2 (
(980))

0
MC3 (a

 p (P.S))η0πMC4 (
p)0π0π0πMC5 (

0.08±br1:0.35
0.08±br2:0.21
0.05±br3:0.22
0.07±br4:0.15
0.17±br5:0.07

/ndf=2970.68/20452χ

Entries:529
=-0.8θBinn0_para_qtb0_W=1980-2150 MeV_cos

1000 1200 1400 1600 1800 2000
,proton) [MeV]0πm(

0

10

20

30

C
ou

nt
s 

/ 1
0 

M
eV

 p (2014B)η0π

MC (all)
(1232))∆ηMC1 (

)+N(1535)0πMC2 (
(980))

0
MC3 (a

 p (P.S))η0πMC4 (
p)0π0π0πMC5 (

Entries:777
=-0.4θBinn0_para_qtb0_W=1980-2150 MeV_cos

1400 1600 1800 2000 2200 2400
,proton) [MeV]ηm(

0

10

20

30

40

C
ou

nt
s 

/ 1
0 

M
eV

 p (2014B)η0π

MC (all)
(1232))∆ηMC1 (

)+N(1535)0πMC2 (
(980))

0
MC3 (a

 p (P.S))η0πMC4 (
p)0π0π0πMC5 (

Entries:777
=-0.4θBinn0_para_qtb0_W=1980-2150 MeV_cos

600 800 1000 1200 1400
) [MeV]η,0πm(

0

20

40

C
ou

nt
s 

/ 1
0 

M
eV

 p (2014B)η0π

MC (all)
(1232))∆ηMC1 (

)+N(1535)0πMC2 (
(980))

0
MC3 (a

 p (P.S))η0πMC4 (
p)0π0π0πMC5 (

0.01±br1:0.02
0.09±br2:0.24
0.09±br3:0.40
0.10±br4:0.11
0.10±br5:0.22

/ndf=2970.68/20452χ

Entries:777
=-0.4θBinn0_para_qtb0_W=1980-2150 MeV_cos

1000 1200 1400 1600 1800 2000
,proton) [MeV]0πm(

0

20

40

60

C
ou

nt
s 

/ 1
0 

M
eV

 p (2014B)η0π

MC (all)
(1232))∆ηMC1 (

)+N(1535)0πMC2 (
(980))

0
MC3 (a

 p (P.S))η0πMC4 (
p)0π0π0πMC5 (

Entries:1274
=0.0θBinn0_para_qtb0_W=1980-2150 MeV_cos

1400 1600 1800 2000 2200 2400
,proton) [MeV]ηm(

0

10

20

30

40

C
ou

nt
s 

/ 1
0 

M
eV

 p (2014B)η0π

MC (all)
(1232))∆ηMC1 (

)+N(1535)0πMC2 (
(980))

0
MC3 (a

 p (P.S))η0πMC4 (
p)0π0π0πMC5 (

Entries:1274
=0.0θBinn0_para_qtb0_W=1980-2150 MeV_cos

600 800 1000 1200 1400
) [MeV]η,0πm(

0

20

40

60

C
ou

nt
s 

/ 1
0 

M
eV

 p (2014B)η0π

MC (all)
(1232))∆ηMC1 (

)+N(1535)0πMC2 (
(980))

0
MC3 (a

 p (P.S))η0πMC4 (
p)0π0π0πMC5 (

0.13±br1:0.40
0.04±br2:0.09
0.08±br3:0.29
0.05±br4:0.11
0.05±br5:0.11

/ndf=2970.68/20452χ

Entries:1274
=0.0θBinn0_para_qtb0_W=1980-2150 MeV_cos

1000 1200 1400 1600 1800 2000
,proton) [MeV]0πm(

0

50

100

C
ou

nt
s 

/ 1
0 

M
eV

 p (2014B)η0π

MC (all)
(1232))∆ηMC1 (

)+N(1535)0πMC2 (
(980))

0
MC3 (a

 p (P.S))η0πMC4 (
p)0π0π0πMC5 (

Entries:1982
=0.4θBinn0_para_qtb0_W=1980-2150 MeV_cos

1400 1600 1800 2000 2200 2400
,proton) [MeV]ηm(

0

20

40

60

80

C
ou

nt
s 

/ 1
0 

M
eV

 p (2014B)η0π

MC (all)
(1232))∆ηMC1 (

)+N(1535)0πMC2 (
(980))

0
MC3 (a

 p (P.S))η0πMC4 (
p)0π0π0πMC5 (

Entries:1982
=0.4θBinn0_para_qtb0_W=1980-2150 MeV_cos

600 800 1000 1200 1400
) [MeV]η,0πm(

0

20

40

60

80

C
ou

nt
s 

/ 1
0 

M
eV

 p (2014B)η0π

MC (all)
(1232))∆ηMC1 (

)+N(1535)0πMC2 (
(980))

0
MC3 (a

 p (P.S))η0πMC4 (
p)0π0π0πMC5 (

0.12±br1:0.76
0.04±br2:0.08
0.15±br3:0.11
0.06±br4:0.00
0.03±br5:0.05

/ndf=2970.68/20452χ

Entries:1982
=0.4θBinn0_para_qtb0_W=1980-2150 MeV_cos

1000 1200 1400 1600 1800 2000
,proton) [MeV]0πm(

0

20

40

C
ou

nt
s 

/ 1
0 

M
eV

 p (2014B)η0π

MC (all)
(1232))∆ηMC1 (

)+N(1535)0πMC2 (
(980))

0
MC3 (a

 p (P.S))η0πMC4 (
p)0π0π0πMC5 (

Entries:936
=0.8θBinn0_para_qtb0_W=1980-2150 MeV_cos

1400 1600 1800 2000 2200 2400
,proton) [MeV]ηm(

0

10

20

30

40

C
ou

nt
s 

/ 1
0 

M
eV

 p (2014B)η0π

MC (all)
(1232))∆ηMC1 (

)+N(1535)0πMC2 (
(980))

0
MC3 (a

 p (P.S))η0πMC4 (
p)0π0π0πMC5 (

Entries:936
=0.8θBinn0_para_qtb0_W=1980-2150 MeV_cos

600 800 1000 1200 1400
) [MeV]η,0πm(

0

20

40

60

C
ou

nt
s 

/ 1
0 

M
eV

 p (2014B)η0π

MC (all)
(1232))∆ηMC1 (

)+N(1535)0πMC2 (
(980))

0
MC3 (a

 p (P.S))η0πMC4 (
p)0π0π0πMC5 (

0.25±br1:0.76
0.22±br2:0.00
0.16±br3:0.08
0.02±br4:0.00
0.08±br5:0.16

/ndf=2970.68/20452χ

Entries:936
=0.8θBinn0_para_qtb0_W=1980-2150 MeV_cos

W=1980-2150 MeV 
Para.
Quasi-two-body: eta-(pi0,proton)

cosθ= -0.8 

cosθ= -0.4

cosθ= 0.0

cosθ= 0.4

cosθ= 0.8

Δ(1232) N(1535) a$(980)

Template fitting

W=2150-2320 MeV



𝛄𝐩 → 𝛑𝟎𝛈𝐩 beam asymmetries

19

h42003001
Entries  3373
Mean    176.6
Std Dev       102

0 50 100 150 200 250 300 350
340

360

380

400

420

440

460

480

500

520
h42003001
Entries  3373
Mean    176.6
Std Dev       102

W=1810-1980 MeV
*< 60φ  0<

p
φ

h42003002
Entries  2973
Mean    175.5
Std Dev     103.6

0 50 100 150 200 250 300 350
300
320

340

360

380
400

420

440

460
480

h42003002
Entries  2973
Mean    175.5
Std Dev     103.6

W=1810-1980 MeV
*<120φ 60<

p
φ

h42003003
Entries  929
Mean      181
Std Dev     104.2

0 50 100 150 200 250 300 350
80

90

100

110

120

130

140

150

h42003003
Entries  929
Mean      181
Std Dev     104.2

W=1810-1980 MeV
*<180φ120<

p
φ

h42003004
Entries  953
Mean    182.1
Std Dev     101.5

0 50 100 150 200 250 300 350

100

110

120

130

140

150
h42003004
Entries  953
Mean    182.1
Std Dev     101.5

W=1810-1980 MeV
*<240φ180<

p
φ

h42003005
Entries  2897
Mean    187.6
Std Dev     102.7

0 50 100 150 200 250 300 350
280
300

320
340

360
380
400

420
440
460

h42003005
Entries  2897
Mean    187.6
Std Dev     102.7

W=1810-1980 MeV
*<300φ240<

p
φ

h42003006
Entries  3407
Mean    183.1
Std Dev     102.8

0 50 100 150 200 250 300 350

380

400

420

440

460

480

500
h42003006
Entries  3407
Mean    183.1
Std Dev     102.8

W=1810-1980 MeV
*<360φ300<

p
φ

h42003007
Entries  3086

Mean      178
Std Dev     104.2

0 50 100 150 200 250 300 350
340

360

380

400

420

440

460
h42003007
Entries  3086

Mean      178
Std Dev     104.2

W=1980-2150 MeV
*< 60φ  0<

p
φ

h42003008
Entries  3047

Mean    175.3
Std Dev     105.5

0 50 100 150 200 250 300 350

280
300
320
340
360
380
400
420
440
460
480

h42003008
Entries  3047

Mean    175.3
Std Dev     105.5

W=1980-2150 MeV
*<120φ 60<

p
φ

h42003009
Entries  955

Mean    174.9
Std Dev     103.4

0 50 100 150 200 250 300 350

100

110

120

130

140

h42003009
Entries  955

Mean    174.9
Std Dev     103.4

W=1980-2150 MeV
*<180φ120<

p
φ

h42003010
Entries  981

Mean    185.3
Std Dev     101.7

0 50 100 150 200 250 300 350

100

110

120

130

140

150

160
h42003010
Entries  981

Mean    185.3
Std Dev     101.7

W=1980-2150 MeV
*<240φ180<

p
φ

h42003011
Entries  2993

Mean    190.7
Std Dev     104.2

0 50 100 150 200 250 300 350

300

350

400

450

500

h42003011
Entries  2993

Mean    190.7
Std Dev     104.2

W=1980-2150 MeV
*<300φ240<

p
φ

h42003012
Entries  2960

Mean    180.1
Std Dev     103.9

0 50 100 150 200 250 300 350
320

340

360

380

400

420

440
h42003012
Entries  2960

Mean    180.1
Std Dev     103.9

W=1980-2150 MeV
*<360φ300<

p
φ

h42003013
Entries  2660
Mean    179.6

Std Dev     102.8

0 50 100 150 200 250 300 350
280

300

320

340

360

380

400

420

h42003013
Entries  2660
Mean    179.6

Std Dev     102.8

W=2150-2320 MeV
*< 60φ  0<

p
φ

h42003014
Entries  2992
Mean    180.6

Std Dev     102.9

0 50 100 150 200 250 300 350

300

320
340

360

380

400

420

440
460

h42003014
Entries  2992
Mean    180.6

Std Dev     102.9

W=2150-2320 MeV
*<120φ 60<

p
φ

h42003015
Entries  1148
Mean    180.6

Std Dev     102.3

0 50 100 150 200 250 300 350

120

130

140

150

160

170
h42003015
Entries  1148
Mean    180.6

Std Dev     102.3

W=2150-2320 MeV
*<180φ120<

p
φ

h42003016
Entries  1154
Mean    179.9

Std Dev     99.78

0 50 100 150 200 250 300 350

110

120

130

140

150

160

170

180 h42003016
Entries  1154
Mean    179.9

Std Dev     99.78

W=2150-2320 MeV
*<240φ180<

p
φ

h42003017
Entries  2914
Mean    187.2

Std Dev     103.4

0 50 100 150 200 250 300 350

300

320

340

360

380

400

420

440

460
h42003017
Entries  2914
Mean    187.2

Std Dev     103.4

W=2150-2320 MeV
*<300φ240<

p
φ

h42003018
Entries  2664
Mean    185.6

Std Dev     102.4

0 50 100 150 200 250 300 350

280

300

320

340

360

380

400

h42003018
Entries  2664
Mean    185.6

Std Dev     102.4

W=2150-2320 MeV
*<360φ300<

p
φ

𝝓 distributions binned in 𝝓 ∗ 
𝐼#:B/A 𝐼𝒔: C/AFit: 𝑓 𝜙 = 𝐴 − 𝑃(𝐵𝑐𝑜𝑠2𝜙 + 𝐶𝑠𝑖𝑛2𝜙)



CBELSA:  Eur. Phys. J. A (2014) 50: 74 

20

𝛄𝐩 → 𝛑𝟎𝛈𝐩 beam asymmetries Two-body beam asymmetries Σ cosθ of 𝛄𝐩 → 𝛑𝟎𝛈𝐩
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q 𝚺(𝐩):～0
q 𝚺(𝛑): negative, Unnatural parity exchange 

(pseudoscalar meson exchange, 𝛑)
q 𝚺(𝛈): positive, Natural parity exchange 

(vector meson exchange, ρ)
q 𝚺 data above W=1980 (𝑬𝜸~𝟏. 𝟔𝟓 𝐆𝐞𝐕) 

were measured for the first time
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𝛄𝐩 → 𝛑𝟎𝛈𝐩 beam asymmetries Two-body beam asymmetries Σ(InvM) of 𝛄𝐩 → 𝛑𝟎𝛈𝐩
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𝛄𝐩 → 𝛑𝟎𝛈𝐩 beam asymmetries IJ, IK of γp → πLηp
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q 𝐈𝐩𝐬 , 𝐈𝛑𝐬 and 𝐈𝛈𝐬 oscillate with 𝛟∗, indicating the presence of interference effects among helicity amplitudes.
q PWA analysis will give more detailes
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Polarized beam energy up to ~1.7 GeV

BGOegg 2014B
Polarized beam energy up to ~2.4 GeV

(1) cascade processes of higher mass 
resonances into a resonance with intrinsic 
orbital angular momentum can be studied 

(3) More information about
branching ratios for decays into 
Nπ, N(1535)π, and Δ(1232)η can 
be obtained.

(2) The comparison of these decay 
modes with decays into Nπ is very
helpful for identifying mechanisms 
responsible for the decays of N and 
Δ resonances. 
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pPreliminary results of beam asymmetries of 𝛄𝐩 → 𝛑𝟎𝛈𝐩 in the beam energy region 

of 1.3-2.4 GeV were obtained.

pThe quasi 2-body polarization observables 𝚺 and 3-body observables 𝑰𝒔, 𝑰𝒄 above 

~1.7 GeV (𝑬𝜸) are new experimental data in the world.

p Our results are consistent with CBELSA‘s results in the beam energy region of 1.3-

1.7 GeV  within error bars

p Cooperation with PWA (Bonn-Gatchina) could provide more interesting information 

about cascade processes of higher mass resonances and branching ratios for 

decays into Nπ, N(1535)π, and Δ(1232)η
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