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Abstract: The  roles  of  the , ,  and  resonances  in  the  reaction  near
threshold is investigated within an effective Lagrangian approach. The differential cross sections of the 
reaction was calculated including contributions from the , , and  intermediate states de-
caying into  via the s-channel nucleon pole and t-channel ρ exchange. Current experimental measurements were
well reproduced. The production of  was mainly from the mechanism of the s-channel nucleon pole, while
the  and  were  produced from the  mechanism of  the t-channel ρ exchange.  More  experimental
data on the  reaction could be used to explore the properties of the low-lying excited baryon state.
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I.  INTRODUCTION

N∗(1440) JP = 1/2+ N = 2

N∗(1535) JP = 1/2− N∗(1520)
JP = 3/2−

Studying  the  spectrum  of  low-lying  excited  baryons
and their decaying properties from available experiment-
al  data  is  one  of  the  most  important  topics  in  hadron
physics [1−4]. In classical quark models, the baryon res-
onances  are  classified  in  shells  according  to  the  energy
levels of the harmonic oscillator, and the quark model has
achieved  significant  success  in  describing  the  baryon
spectrum, particularly  for  the  ground  states.  These  mod-
els  predict  many  excited  baryons  [5−8].  However,  only
some of  them have  been  identified  experimentally  [1, 9,
10], with  many  predicted  states  lacking  eperimental  ob-
servation; a problem called the ‘missing baryon problem’.
Meanwhile, for low-lying excited baryons, the roper res-
onance  ( )  belongs  to  the  shell
and is much lower than the first orbitally excited nucleon
states,  such  as  ( )  and 
( )  resonances [11, 12].  This  is  called the ‘mass

reversal  problem’.  Thus,  on  both  the  experimental  and
theoretical  sides,  research is  required to  further  establish
the light-quark baryon spectrum and explore the nature of
their excited states.

I = 3/2
∆(1232) JP = 3/2+

πN
πN N∗(1520)

πN

N∗(1650) JP = 1/2−

For  instance,  the  well-established isospin  ba-
ryon  with  spin-parity  mostly  couples
to the  channel, which implies it may have a large ab-
solute value of  compositeness [13]. For the 
resonance,  it  is  the  first  orbitally  excited  (quark  model
prediction) nucleon resonance, and its coupling to the 
channel is strong [1, 12, 14]. However, it has been shown
that the  ( ) resonance has an important
contribution to the associate strangeness production reac-
tions  [15−17].  Thus,  the  strangeness  component  should
be further  considered when studying the structure  of  ex-
cited baryons.

It  should  be  pointed  out  that  photo-production pro-
cesses provide a unique site to investigate these interme-
diate baryon resonances with strangeness component and
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KΛ∗(1520)

small couplings to . For instance, it was shown that the
intermediate  nucleon  and  Δ  excited  states  play  a  crucial
role  in  the  two-body  reactions  of  [18−21], 
[21−23],  [24−26],  [27−30],  [31−36], 
[37−41],  [42, 43],  [44−49],  [46, 50−52],

 [53−56],  [53, 57−62],  and
 [63−71].  Detailed  investigations  of  these

photo-production  reactions  have  substantially  enhanced
our  understanding  of  both  the  reaction  mechanisms  and
properties of intermediate baryon resonances.

γp→ π0π0 p

γp→ π0π0 p

ρ0(770)

f0(980) π0π0 γp→ f0(980)p→ π0π0 p

π0π0

f0(980)

f0(980)
γp→ f0(980)p→ π0π0(KK̄)p

∆(1232) N∗(1520) N∗(1650)
π0 p
π0 p

∆(1232) N∗(1520) N∗(1650)

Recently, the  differential  cross  sections  of  the  reac-
tion  were first measured using a linearly po-
larized photon beam with energy from reaction thresholds
up to 2.4 GeV by the LEPS2/BGOegg Collaboration [72].
Indeed, the two-pion photo-production processes off pro-
ton targets have been measured in numerous experiments
[73−77]  and  theoretically  investigated  in  Refs.  [78, 79].
The  reaction provides  interesting  details  be-
cause many of its Born terms are strongly suppressed and
most  nucleon  resonances  as  well  as  cannot dir-
ectly  decay  into  two  neutral  pions.  Although  the  main
purpose  of  Ref.  [72]  was  to  investigate  the  nature  of

 decay into  from the 
reaction, the uncertainties of the experimental data on the
invariant  mass distributions are large and the extrac-
ted mass and width of  mesons are lower than the
averaged values quoted in the Review of Particle Physics
(RPP)  [1].  The  production  of  the  meson  in  the

 reactions was studied theor-
etically  in  Refs.  [80−84]  within  an  effective  Lagrangian
approach.  It  is  worth  mentioning  that  the  experimental
measurements of Ref. [72] show that the contributions of
the , ,  and  resonances provide
significant contributions to the final  channel, and the
resonances  have  clear  peaks  in  the  invariant  mass
distributions,  which  could  be  used  to  investigate  their
roles , , and  in this process.
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∆(1232) N∗(1520)
N∗(1650)

γp→ π0π0 p
π0 p

f0(980)

In thisy stydy, using new experimental measurements
from  the  LEPS2/BGOegg  Collaboration  [72],  we  study
the  roles  of  the , ,  and  reson-
ances in the  reaction within an effective Lag-
rangian approach, which is an important theoretical meth-
od for describing various processes in the resonance pro-
duction  region  [85−115].  For  the  production  of  the

, ,  and  resonances,  both s-
channel proton pole and t-channel  exchange processes
are  considered.  It  is  shown  that  the  new  experimental
measurements  on the  invariant  mass distributions of
Ref.  [72]  can  be  well  reproduced  with  the  contributions
of  in  the s-channel  process  and  and

 in  the t-channel  process.  In  this  respect,  this
study  shows  how  the  new  measurements  of  the

 reaction could be used to extract the proper-
ties  of  these  baryon  resonances  decaying  into .  Note
that we will leave the study of scalar meson  in the

γp→ π0π0 p reaction  to  further  work  when  more  precise
experimental data are available.

The  article  is  structuredas  follows.  Sec.  II  describes
the  theoretical  formalism  employed  in  the  study.  Then,
the Sec.  III  provides  the  numerical  results  and  discus-
sions. A short summary is given in the final section. 

II.  THEORETICAL FORMALISM

γp→ π0R→ π0π0 p R ≡ ∆(1232) N∗(1520)
N∗(1650)

In this  section,  we  introduce  the  theoretical  formal-
ism  to  calculate  the  differential  scattering  cross  section
for  the  [ , ,  or

] reaction  within  the  effective  Lagrangian  ap-
proach, which is widely used to investigate the scattering
reactions in the resonance production region [68−71, 116,
117].

γp→ π0π0 p

ρ0

γpp
γρπ

The  basic  tree  level  Feynman  diagrams  for  the
 reaction  are  presented  in Fig.  1, which  in-

cludes the s-channel proton pole [Fig. 1(a)] and t-channel
 exchange  process  [Fig.  1(b)]. To  compute  the  contri-

butions of the terms shown in Fig. 1, we used the follow-
ing effective interaction Lagrangian densities for the 
and  vertices, as used in Refs. [118−120], 

Lγpp = −ep
ï̸

A− Kp

2mN
σαβ(∂βAα)

ò
p, (1)

 

Lργπ =
egργπ
mρ
εµναβ∂µρν∂αAβπ, (2)

e =
√

4πα α = 1/137.036where ,  with  representing  the

 

γp→ π0R→ π0π0 p

R ≡ ∆(1232) N∗(1520) N∗(1650)
ρ0

p1 p2 p3 p4 p5

kp = p1 + p2 kρ = p1 − p3 q = p4 + p5

Fig. 1.    Feynman diagrams of the reaction 
[ , ,  or ].  It  consists  of s-channel
nuclepn  pole  (a)  and t-channel  meson  exchange  (b).  We
also show the definition of the kinematical ( , , , , )
used  in  the  present  calculation.  In  addition,  we  use

, , and .
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Aβ p̄
ρν

Kp = 1.5
gργπ

electromagnetic  fine  structure  constant. , p, , π,  and
 denote  the  fields  of  the  photon,  proton,  antiproton, π,

and ρ,  respectively.  The  magnetic  moment ,
which is taken from Ref. [83]. The coupling constant 
can be obtained from the partial decay width: 

Γρ0→π0γ =
e2g2

ργπ

96π

(m2
ρ0 −m2

π0 )3

m5
ρ0

. (3)

mρ0 = 775.26 mπ0 = 134.98
Γρ0→π0γ = 70.08 gργπ

gργπ

With  MeV,  MeV,  and
 keV  [1, 113],  one  can  easily  get  =

0.57.  Since  we  do  not  consider  the  interference  terms
between  different  resonances,  the  theoretical  results  will
not depend on the sign of the coupling constant .

πNRFor the  vertices, we use the effective interaction
Lagrangian commonly adopted in Refs. [102, 121, 122]: 

L∆(1232)
πN = −gπN∆

mπ
R̄µτ·∂µπN +h.c., (4)

 

LN∗(1520)
πN = −gπNN∗(1520)

mπ
R̄µγ5τ·∂µπN +h.c., (5)

 

LN∗(1650)
πN = igπNN∗(1650)R̄τ·πN +h.c., (6)

τ π = (π1,π2,π3)
π+ = (π1− iπ2)/

√
2 π− = (π1+ iπ2)/

√
2 π0 = π3

gπNR

where  is  the  Pauli  matrix  and .  We  take
, , and . In ad-

dition, the coupling constants  are obtained from the
following partial decay widths, 

Γ∆(1232)→Nπ =
g2
πN∆(1232)

4π
(EN +mN)
m∆(1232)m2

π

|pN |3, (7)

 

ΓN∗(1520)→Nπ =
g2
πNN∗(1520)

4π
(EN −mN)
mN∗(1520)m2

π

|pN |3, (8)

 

ΓN∗(1650)→Nπ =
3g2
πNN∗(1650)

4π
(EN +mN)
mN∗(1650)

|pN | , (9)

with 

|pN | =
λ

1
2 (m2

R,m
2
π,m

2
N)

2mR
, (10)

 

EN =
m2

R+m2
N −m2

π

2mR
, (11)

ä é λ(a,b,c) = a2+b2+ c2−where  the  K ll n  function  is 

2ab−2ac−2bc mR

∆(1232) N∗(1520) N∗(1650)
,  and  represents  the  masses  of  the

, , or  resonance.
∆(1232) N∗(1520)

N∗(1650) πN
g2
πNR

With masses and decay widths of , ,
and  resonances to the  channel [1], the coup-
ling constants  can be obtained as listed in Table 1.
  

g2
πNRTable 1.  The coupling constants  used in this work.

State Mass/MeV Width/MeV B g2
πNR

∆(1232) 1210 100 0.994 1.59

N∗(1520) 1505 110 0.60 2.55

N∗(1650) 1670 110 0.60 0.41

 
ρNRNext, for the  vertices, we use the effective Lag-

rangians  commonly  adopted  in  previous  works
[121−123], 

L∆(1232)
ρN =

−igρN∆
mρ

N̄γσγ5τ· [∂µρσ−∂σρµ]Rµ+h.c.,

(12)

 

LN∗(1520)
ρN = gρNN∗(1520)N̄τ·ρµRµ+h.c., (13)

 

LN∗(1650)
ρN = igρNN∗(1650)N̄γ5

Å
γµ−

qµ ̸q
q2

ã
τ·ρµR+h.c..

(14)

N∗(1520)Nρ
N∗(1650)Nρ

ρN
∆(1232) N∗(1520) N∗(1650)

gρNR

In  general,  there  are  two  independent  couplings, S-
wave  and D-wave  interactions,  for  the  and

 vertexes. To reduce the number of free para-
meters,  we  consider  only  the S-wave  coupling  for  both,
and  the  effective  interactions  are  taken  from Ref.  [121].
Moreover, since the mass threshold of  is higher than
the masses of the , , and  reson-
ances,  the  coupling  constants  cannot  be  extracted
from  the  partial  decay  widths  and  must  be  determined
with current  experimental  data,  as  cacluated  in  the  fol-
lowing.

gρNR

gρNR R→ Nρ→ Nππ
R→ Nγ

Note  that  the  coupling  constants  have been  in-
vestigated using the chiral quark model [124], where the
relevant coupling constants are expressed in terms of the
corresponding vector-coupling constants  to  nucleons.  As
an alternative,  Ref.  [88]  proposed obtaining the  value of

 from the  decay or  the  radiative  de-
cay  using the vector-meson-dominance model.

γp→ π0R→ π0π0 p
With the  ingredients  presented  above,  the  total  scat-

tering amplitudes of the  reaction in the
s-channel and t-channel can be written as

 

M∆(1232)
s = ie

g2
πN∆

m2
π

Fp(k2
p)F∆(q2)ū(p5)Gωσs= 3

2
(q)Gs= 1

2
(kp)
Å
γµ−Γµc −

Kp

2mN
γµ ̸p1

ã
u(p2)εµ(p1)p3ωp4σ

+ (exchange terms with p3↔ p4), (15)
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MN∗(1520)
s = ie

g2
πNN∗(1520)

m2
π

Fp(k2
p)FN∗(1520)(q2)ū(p5)γ5Gωσs= 3

2
(q)γ5Gs= 1

2
(kp)
Å
γµ−Γµc −

Kp

2mN
γµ ̸p1

ã
u(p2)εµ(p1)p3ωp4σ+ (exchange terms with p3↔ p4), (16)

 

MN∗(1650)
s = ieg2

πNN∗(1650)Fp(k2
p)FN∗(1650)(q2)ū(p5)Gs= 1

2
(q)Gs= 1

2
(kp)
Å
γµ−Γµc −

Kp

2mN
γµ ̸p1

ã
u(p2)εµ(p1)

+
(
exchange terms with p3↔ p4

)
, (17)

 

MN∗(1520)
t =

iegπNN∗(1520)gρNN∗(1520)gργπ
mπmρ

F(k2
ρ)FN∗(1520)(q2)ū(p5)γ5 p4σGσωs= 3

2
(q)Gs=1ων(kρ)kρµp1αε

µναβεβ(p1)u(p2)

+ (exchange terms with p3↔ p4), (18)

 

MN∗(1650)
t =

egπNN∗(1650)gρNN∗(1650)gργπ
mρ

F(k2
ρ)FN∗(1650)(q2)ū(p5)Gs= 1

2
(q)γ5

Å
γσ− qσ ̸ q

q2

ã
Gs=1σν(kρ)kρµp1αε

µναβεβ(p1)u(p2)

+ (exchange terms with p3↔ p4),

(19)

Gs=1 s = 1where the propagator  for the ρ meson with spin 
is given by [125]: 

Gµνs=1(kρ) = i
−gµν+ kµρk

ν
ρ/k

2
ρ

k2
ρ −m2

ρ

, (20)

Gs= 1
2

the propagator  is given by [95, 126],
 

Gs= 1
2
(q) =

i( ̸q+mR)
q2−m2

R+ imRΓR
, (21)

N∗(1650)
Gωσ

s= 3
2

for  the  nucleon  pole  and  resonance,  and  the
propagator  is given by Refs. [126, 127]:
 

Gωσs= 3
2
(q) =

i(̸q+mR)Pωσ(q)
q2−m2

R+ imRΓR
, (22)

∆(1232) N∗(1520)for the  and  resonances, where 

Pωσ(q) = −gωσ+
1
3
γωγσ+

1
3mR

(γωqσ−γσqω)

+
2

3m2
R

qωqσ. (23)

mR ΓR

p3 p4

p3 p4 p4 p3

In  equations  above,  and  represent  the  masses
and total  widths  of  the  intermediate  baryon  states,  re-
spectively.  The  four-momenta  of  the  final  two pions  are
represented by  and . In the calculation, we have also
included terms where  ( ) is replaced by  ( ), en-
suring  that  the  resulting  scattering  amplitudes  exhibit

p3 p4

π0
symmetry with respect  to  and .  In  this  process,  we
have taken into account the effects of the two identical 
particles.

Γµc

Γµc
Ms

Note that  the contact  term involving  is  taken into
account to keep the scattering amplitudes gauge invariant.
By including the following term  in the scattering amp-
litudes  [128], 

Γµc =
̸p1 pµ2
p1 · p2

, (24)

it is easy to show that the total scattering amplitude satis-
fies gauge invariance 

p1 ·Mtotal = 0, (25)

with 

Mµ
totalεµ(p1) =M∆(1232)

s +MN∗(1520)
s +MN∗(1650)

s

+MN∗(1520)
t +MN∗(1650)

t . (26)

∆(1232)
∆Nρ
ρπγ

In additino, the contribution of  in the t-channel is
zero  because  the  coupling  vanishes  when  used  in
connection with the  vertex to avoid the gauge invari-
ance problem.

Furthermore,  because  hadrons  are  not  point-like
particles, the form factors of hadrons must be considered.
The relevant off-shell form factor is also used for the ex-
changed particles  to  account  for  the  internal  structure  of
hadrons  and  off-shell  effects  [83, 129, 130].  For  the ρ
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meson  exchange,  we  introduce  the  form  factors  used  in
Refs. [131−133]: 

F(k2
ρ) =
Λ2
ρ−m2

ρ

Λ2
ρ− k2

ρ

, (27)

Λρ mρ kρ

Λρ

where , , and  are the cutoff parameter, mass, and
four-momentum of the exchanged ρ meson, respectively.
In this work, we take  = 1.3 GeV [86].

For the intermediate baryon resonances, we adopt the
form factor used in Refs. [48, 84, 127, 130], 

FR(q2) =
Λ4

Λ4+ (q2−m2
R)2
, (28)

mR

Λ = 1.0 ∆(1232) Λ = 2.0
N∗(1520) N∗(1650) Λ = 1.1

where  Λ, ,  and q are  the  cutoff  parameter,  mass,  and
four-momentum  of  the  exchanged  baryon,  respectively.
In this calculation, the free cutoff parameters are adopted
as  follows:  GeV  for ,  GeV  for

, and  resonances [87, 122] and 
GeV for the proton pole [83].

The values of the cutoff parameters can be directly re-
lated to  the  hadron  structure.  Since  the  question  of  had-
ron structure is still very open, the form factor and value
of  the  cutoff  parameter  Λ  cannot  be  estimated  by  first
principles.  Introducing  the  form  factors  has  no  unique
theoretical approach.  In  practice,  its  value  is  usually  de-
termined  by  comparing  theoretical  calculations  with  the
corresponding experimental measurements. When choos-
ing the  cutoff  parameters  as  above,  we  follow  the  argu-
ments given in previous studies [83−87, 122, 127], where

such values were used. 

III.  NUMERICAL RESULTS AND DISCUSSIONS

γp→ π0R→ π0π0 p
γp→ π0π0 p

In this section, we will show the numerical results for
the  reaction.  Considering  the  three-
body  phase  space  of  the  reaction  (see  more
details in Fig. 2), one can obtain [1] 

dσ
dmπ0 p

(W) =
|p3|

∣∣p∗4 ∣∣
210π5W(W2−m2

p)

∫
dΩ1

∫
dΩ∗2

× 1
4

∑
spins

∣∣Mµ
totalεµ(p1)

∣∣2
, (29)

γp Ω1

Ω∗2
γp

π0 p p3 p∗4
π0

π0

γp
π0 p

where W is  the invariant mass of the  system.  and
 are  the  solid  angles  in  the  center-of-mass  system  of

the  collision  and in  the  center-of-mass  system of  the
two-body  final state, respectively. The  and  are
the  three-momenta  of  thr  first  (from the  electromag-
netic  vertex)  and  second  (from baryon  resonance  de-
cay) in the center-of-mass system of the  collision and
the center-of-mass system of the two-body  final state,
respectively, and are given by 

|p3| =
λ

1
2 (W2,m2

π0 ,m2
π0 p)

2W
, (30)

 

|p∗4 | =
λ

1
2 (m2

π0 p,m
2
π0 ,m2

p)

2mπ0 p
. (31)

 

γp→ π0π0 pFig. 2.    (color online) Definitions of the variables in the phase space integration of the  reaction.
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dσ/dmπ0 p

To compare  the  theoretical  calculations  with  the  ex-
perimental measurements from the LEPS2/BGOegg Col-
laboration in Ref. [72], we calculate the differential cross
section  by 

dσ
dmπ0 p

=

∫ Wmax

Wmin

dσ
dmπ0 p

(W)dW

Wmax−Wmin
, (32)

Wmin Wmax

|Mtotal|2

with  = 1898 MeV and  = 2320 MeV, which are
the total  energy  regions  of  the  experimental  measure-
ments given in Ref. [72]. A constant background term is
also included. Thus, the  is written as ∣∣Mµ

totalεµ(p1)
∣∣2
= c1

Ä∣∣M∆(1232)
s

∣∣2
+
∣∣MN∗(1520)

s

∣∣2

+
∣∣MN∗(1650)

s

∣∣2
+
∣∣MN∗(1520)

t

∣∣2

+
∣∣MN∗(1650)

t

∣∣2
+ c2

ä
, (33)

N∗(1520) N∗(1650)

c1 c2

where the  interference  terms  between  different  reson-
ances are ignored. 1) In addition, it is found that the con-
tributions of the  and  resonances in the
s-channel  are  rather  small  and  can  be  also  ignored.  The
factors  and  are  introduced  to  scale  the  theoretical
differential  cross  sections  to  match  the  experimental
measurements of the signal yields.

Γµc

|MR
s |2

|MR
t |2

|MR
i |2(i = s, t)

In Eqs. (15)−(17), we added a contact term  to the
interaction  vertex  to  keep  each  of  the s-channel scatter-
ing  amplitudes  gauge  invariant,  which  implies  that  each

 is  also  gauge  invariant.  Meanwhile,  each  of  the
scattering  amplitudes  for  the t-channel  are  individually
gauge invariant, see Eqs. (18) and (19). Thus, each 
is also gauge invariant. Finally, although the interference
terms are neglected, the sum of  in Eq. (33)
is still gauge invariant.

π0 p
1898 <

W < 2320

∆(1232) N∗(1520) N∗(1650)
c1 = 1.08×106

c2 = 5.14×102 gρNN∗(1520) =

33.34 gρNN∗(1650) =

We show the theoretical  results  for  the  invariant
mass  distributions  at  total  energy  region  of 

 MeV in Fig. 3, where one can see that the ex-
perimental data can be well reproduced. The experiment-
al values are represented in blue, while the light blue er-
ror band reflects the 15% uncertainty of the experimental
data  [72].  The  three  prominent  peaks  correspond  to  the

, ,  and  resonances. The theor-
etical  numerical  results  are obtained with ,

 and  the  coupling  constants 
 and  30.37.

π0π0
Next we turn to the invariant mass distributions of the
 of  this  process2).  It  is  worth  to  mention  that  on  the

f0(980)

π0π0

2110 <W < 2320
1898 <W < 2110

experimental side, to improve the signal-to-noise ratio of
the  meson,  the  LEPS2/BGOegg  Collaboration
screened the  events,  ultimately  leading to  the  number  of
events in the sample being 133000. Thus, approximately
27%  of  the  event  numbers  were  lost.  In  the  theoretical
calculations for the  invariant mass spectrum, an ex-
tra global factor of 73% was taken consdiered to more ef-
fectively compare our theoretical results with the number
of experimental events. Additionally, based on the experi-
mental  data,  the  area  ratio  of  the  high-energy  region
(  MeV)  to  the  low-energy  region
(  MeV)  in  the  spectrum  was  0.75  (see
more details in Ref. [72]), which is 

0.73
∑
m
π0 p

Events =
∑
mlow
π0π0

Events+
∑
mhigh
π0π0

Events,

∑
mlow
π0π0

Events
¡∑

mhigh
π0π0

Events = 0.75. (34)

Clow Chigh

π0π0

Therefore,  to  achieve  a  more  accurate  comparison
with  experimental  results,  we  introduced  two  overall
factors  and  in the low-energy and high-energy
regions of the  invariant mass spectrum as follows: 

0.73
∫

dσ
dmπ0 p

dmπ0 p =
1
2

Clow

∫
low

dσ
dmπ0π0

dmπ0π0

+
1
2

Chigh

∫
high

dσ
dmπ0π0

dmπ0π0 ,

1
2

Clow

∫
low

dσ
dmπ0π0

dmπ0π0

1
2

Chigh

∫
high

dσ
dmπ0π0

dmπ0π0

= 0.75. (35)

Clow = 0.68 Chigh = 0.77

dσ/dmπ0π0 π0π0

1898 <W < 2110 2110 <
W < 2320

∆(1232)
π0π0

Then, we could obtain  and , re-
spectively.  With  these  values,  in Fig.  4 and Fig.  5 we
show the theoretical results of  for the  in-
variant  mass  distributions  at  lower  and  higher
(  MeV)  total  energy  regions  (

 MeV) compared  with  the  experimental  meas-
urements  taken  from  Ref.  [72]. The  theoretical  calcula-
tions  can  roughly  reproduce  the  experimental  data.  The
contribution of  provides two bump structures in
the invariant  mass distributions.

f0(980) γp→ π0π0 p

f0(980)

As discussed in the Introduction the contribution from
the  meson should be important to the 
reaction.  However,  the  current  data  are  limited,  and  we
leave  the  study  of  the  meson  for  future  studies

Meng-Yuan Dai, Si-Wei Liu, Cheng Chen et al. Chin. Phys. C 49, 063102 (2025)

π0 p γp→ π0π0 p
∆(1232) N∗(1520) N∗(1650)

1) In this work, we focus on the analysis of the  invariant mass distributions of the  reaction in the energy regions surrounding the excited states of
the , , and . Because these three resonances are well separated in energy, we anticipate that the interference effects will have a negligible
impact on the current analysis, especially, the interference terms do not affect the results around the three peaks of the above resonances.

f0(500) f0(980) π0π02) Since we donot consider the contributions from  and  mesons, the theoretical results of  invariant mass distributions can be viewed as the
background contributions.
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when more experimental data are available. 

IV.  SUMMARY

γp→ π0R→ π0π0 p R ≡ ∆(1232),
N∗(1520) N∗(1650)

ρ0 ∆(1232)
N∗(1520) N∗(1650) π0 p

∆(1232) N∗(1520) N∗(1650)

ρNN∗(1520) ρNN∗(1650)

In this work, the experimental data on the differential
cross  section  of  the  (

 and )  reaction  provided  by  the
LEPS2/BGOegg  Collaboration  [72] are  analyzed  by  us-
ing  the  effective  Lagrangian  approach,  where  the  tree
level  diagrams  of s-channel  nucleon  pole  and t-channel

 exchange  are  considered.  We  study  the ,
,  and  resonances  decay  into 

through P-wave, D-wave,  and S-wave,  respectively.  In
the  considered  energy  region,  the  contributions  of

 in  the s-channel  and  and  in
the t-channel are dominant. Moreover, it  is interesting to
expect that future measurements on this reaction will of-
fer  a  further  test  of  the  and 
couplings and help us better understand the role of vector
meson exchange in relevant reactions.

∆(1232)
N∗(1520) N∗(1650) π0 p

Finally,  regarding  the  contributions  of ,
,  and  resonances  in  the  invariant

mass spectrum, it is hoped that more theoretical work and
experimental measurements  can  be  incorporated  to  fur-
ther study the properties of the low-lying baryon excited
states.
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