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The γ p → φη′ p reaction in an effective Lagrangian model
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In this work, we investigate the production of nucleon resonances in the γ p → φη′ p reaction within an
effective Lagrangian approach and isobar model. We first discuss the possible roles of the N (1895), N (1900),
N (2100), and N (2120) productions in this reaction. By considering the π , η, and η′ exchanges between the
initial γ and proton, we find that the excitation of the N (1895) in the intermediate state gives the most important
contribution near the threshold. The dominant role of the N (1895) is mainly attributed to its large coupling to
the Nη and Nη′ channels. Additionally, we also discuss the possibility of looking for a new nucleon resonance
proposed in some recent works. We find that if this resonance indeed exists it should also show signals in the
present reaction. Thus the present reaction offers the opportunities to study the properties of the N (1895) and
test the existence of the proposed new nucleon resonance.
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I. INTRODUCTION

The study of the spectrum of nucleon resonances is a
primary topic in light hadron physics. In recent years, much
effort and achievement has been made in this field [1]. Among
various channels that nucleon resonances can decay to, the
Nη′ channel is very interesting since it is a pure I = 1

2 channel
and thus is relatively clean for studying nucleon resonance.
Besides, because the threshold energy of the Nη′ channel is
about 1.9 GeV, it is suitable for investigating the nucleon res-
onances in this region (the so-called fourth resonance region
in the literature), of which resonances our knowledge is still
relatively poor. Furthermore, the significant ss̄ component of
η′ also makes this channel a potentially good place to look for
the so-called missing resonance, which means the resonances
predicted by quark models but not found by experiments. It
is logical to expect that some of the missing resonances may
have relatively large coupling to Nη′ and thus can be found
in this channel. Even with these merits, the Nη′ channel was
relatively poorly studied in previous works. It was not until
very recently that the Nη′ channel was included in the sum-
mary table of nucleon resonances in the Particle Data Group
(PDG) book [2]. This is mainly attributed to the relatively
low production rate of the Nη′ channel and the statistics of
previous experimental data was rather low. However, such
situations have been changed in recent years. The high-precise
data of the photon induced η′ production process have become
available [3–8], which offer a very good basis to study the
properties of nucleon resonances in the Nη′ channel.

The new data have simulated a series of theoretical works
on analyzing these data. In Ref. [9], a chiral quark-model
approach is adopted to study the γ N → η′N reactions. In
their model, the N (1535) 1

2
−

, N (2080) 5
2

+
and background
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contributions are essential for describing the data. In a later
work [10], the authors made a combined analysis of the
γ N → η′N , NN → NNη′, and πN → η′N reactions. They
found that by taking into account four resonances, i.e.,
N (1720) 3

2
+

, N (1925) 1
2

−
, N (2130) 1

2
+

, and N (2050) 3
2

+
, they

could reproduce all these data well. Note that, in the two
works mentioned above, polarization data were not available
then and were not considered in their works. The new experi-
mental data including the precise angular distributions [6] and
beam asymmetry [7,8] are considered in some more recent
works. In Ref. [11], partial wave analysis of the γ p → η′ p
reaction was performed by also including the new data. Their
conclusion is that the N (1895) 1

2
−

, N (1900) 3
2

+
, N (2100) 1

2
+

,

and N (2120) 3
2

−
are most important for describing this reac-

tion. Based on an undated EtaMAID2018 model [12], it was,
however, argued that N (1895) 1

2
−

, N (1880) 1
2

+
, N (2100) 1

2
+

,

N (2000) 5
2

−
, and N (1900) 7

2
+

are most important to describe
the data. In another analysis of this reaction based on isobar
model [13], the contributions of various nucleon resonances
are considered. However, the needed resonances for describ-
ing the data are quite different from other works mentioned
above. Very interestingly, in Ref. [14] a very narrow resonance
N (1900) 3

2
−

with � < 3 MeV was argued in the γ p → η′ p
reaction. This resonance is clearly unexpected and was not
observed before. In Ref. [12], it was confirmed that a new
nucleon resonance might exist but with different quantum
numbers, i.e., JP = 1

2
−

. Obviously, the status of relevant
studies are still unsatisfied and further studies are still needed.

The main purpose of this work is to show that the
γ p → pφη′ reaction is an alternatively good place to study
resonances having large coupling to Nη′. As discussed in
Refs. [15,16], the γ p → φN∗ process is suitable for studying
nucleon resonances having strong coupling to channels with
significant strange component. This attribute can be illustrated
by the Feynman diagrams shown in Fig. 1. Since vector meson
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FIG. 1. Feynman diagrams for the reaction γ p → φη′ p.

exchange is forbidden by the law of C parity conservation
and π exchange is suppressed due to the small γφπ coupling,
the nucleon resonances, which have large coupling to Nη or
Nη′ are expected to play more important role in this process.
Furthermore if the N∗ decays to Nη′ channel, it is natural to
expect that the contributions of nucleon resonances, which
have large coupling to Nη′ should be enhanced and thus
offer a good place to investigate them. To estimate the cross
sections of this reaction, we consider the nucleon resonances
having significant coupling to Nη′ as suggested by PDG
and use the PDG averaged values of branch ratios to obtain
the relevant coupling constants. The contributions of various
nucleon resonances are calculated and the model predictions
for the angular distribution and invariant mass spectrum are
presented. Furthermore, we also discuss the possible role of
the new nucleon resonance suggested in recent works [12,14].
These predictions can be tested by future experiments and
help to verify our knowledge about the relevant nucleon
resonances.

This paper is organized as follows. In Sec. II, the theoret-
ical framework and amplitudes are presented for the reaction
γ p → φη′ p. In Sec. III, the numerical results are presented
with discussions. Finally, the paper ends with a short summary
in Sec. IV.

II. FORMALISM AND INGREDIENTS

In this work, we study the γ p → φη′ p reaction within
an effective Lagrangian approach and isobar model. We as-
sume that this reaction mainly proceeds through the exci-
tation of nucleon resonances in the intermediate states and
background term.1 The corresponding Feynman diagrams are
depicted in Fig. 1. Here we consider the contributions from
the N (1895) 1

2
−

, N (1900) 3
2

+
, N (2100) 1

2
+

, and N (2120) 3
2

−
,

which have relatively large coupling to the Nη′ channel [2].
The parameters of these nucleon resonances are taken from

1Very recently, an enhancement in the φη′ mass spectrum in
J/ψ → φηη′ was observed [17]. In principle, if this resonance
(named as X ) indeed exists it may also contribute to the reaction
under study. To evaluate its contribution, the X -γ -meson coupling is
needed, for which we still do not know. While, it is logical to expect
X may have relatively large coupling to γ η or γ η′ channels, and
then the η/η′ exchange should be important for the excitation of X in
this reaction. However, due to the small couplings of NNη or NNη′

vertices [18,19], we thus ignore its contribution.

the PDG book and shown in Table I. To evaluate the Feynman
diagrams, the Lagrangians for various vertices are needed.
The Lagrangian densities for the vertices involving nucleon
resonances are [10,15]

L1/2−
PNN∗ = igPNN∗N̄∗PN + H.c. (1)

L1/2+
PNN∗ = − gPNN∗

mN + m∗
N

N̄∗γ5γμ∂μPN + H.c. (2)

L3/2+
PNN∗ = −gPNN∗

mP
N̄∗

μ∂μPN + H.c. (3)

L3/2−
PNN∗ = −gPNN∗

mP
N̄∗

μ∂μPγ5N + H.c., (4)

where N∗, N , and P denote the fields of the nucleon resonance,
nucleon, and η(η′), respectively. The coupling constants in
the Lagrangians can be evaluated through the corresponding
partial decay width (see Appendix) and the obtained values
are listed in Table I. Other needed Lagrangian densities are

LγφP = e

mφ

gγφPεμναβ∂μφν∂αAβP (5)

Lγ η′ρ = e

mη′
gγ η′ρε

μναβ∂μρν∂αAβη′ (6)

Lρπφ = e

mφ

gρπφεμναβ∂μφν∂αρβπ (7)

LNNπ = −gNNπ

2mN
N̄γ5γμ�τ · ∂μ �πN, (8)

where π , φ, and A represent the quantum fields of the π , φ,
and photon. For coupling constants, we have e = √

4π/137
and gNNπ = 13.45 [20,21]. Other coupling constants are also
obtained from the partial decay widths and listed in Table I.
Note that through the partial decay width only the magnitude
of the coupling constant can be determined. Therefore, we
have chosen a positive sign for the coupling constants in the
calculations. The possible effects due to the relative phases are
discussed in the content concerning the interference effects in
Sec. III.

The propagators for the exchanged pseudoscalar meson
P(= π, η, η′) and vector meson ρ are

GP(q) = i

q2 − m2
P

,

Gμν
ρ (q) = − i(gμν − qμqν/q2)

q2 − m2
ρ

.
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TABLE I. The coupling constants adopted in this work.

State Math/Width (MeV) Decay channel Adopt branching ratio g2/4π a

φ 1019/4.25 πγ 1.3 × 10−3 1.60 × 10−3

ηγ 1.3 % 3.97 × 10−2

η′γ 6.22 × 10−5 4.31 × 10−2

ρπ 15 % 3.55
N (1895) 1895/120 Nη 25 % 4.85 × 10−2

Nη′ 20 % 0.41�

Nπ 10 % 5.07×10−3

N (2100) 2100/260 Nη′ 8 % 0.94
Nπ 12 % 8.26×10−2

N (1900) 1920/200 Nη 8 % 6.40 × 10−2

Nη′ 6 % 3.21�

Nπ 10 % 8.72×10−4

N (2120) 2120/300 Nη′ 4 % 5.81
Nπ 10 % 5.89×10−3

η′ 958/0.23 γ ρ 29 % 0.15

aThe values of g2/4π with an asterisk are obtained by Eq. (A6). Others are calculated from Eqs. (A1)–(A5).

The corresponding propagators for nucleon resonances with
J = 1

2 and 3
2 are

G 1
2
(q) = i( �q + MN∗ )

q2 − M2
N∗ + iMN∗�N∗

,

Gμν
3
2

(q) = i( �q + MN∗ )Pμν (q)

q2 − M2
N∗ + iMN∗�N∗

with

Pμν (q) = −gμν + 1

3
γ μγ ν + 1

3MN∗
(γ μqν − γ νqμ)

+ 2

3M2
N∗

qμqν .

As hadrons are not pointlike particles, we have taken
into account their internal structure and possible off-shell
effects by introducing form factors. For the baryon exchange
diagrams, we use the form factor [22,23]

FB(qex, mex ) = �4
B

�4
B + (

q2
ex − m2

ex

)2 . (9)

For meson exchange diagrams, we take the form factor em-
ployed in Refs. [20,24]

FM (qex, mex ) =
(

�2
M − m2

ex

�2
M − q2

ex

)2

. (10)

While, the form factor for the γ ρη′ vertex is adopted as [25]

FV (qex, mex ) =
(

�2
V

�2
V − q2

ex

)2

. (11)

The qex and mex are the four-momentum and mass of the ex-
changed particle. In a phenomenological approach, the cutoff
parameters can only be determined by fitting to the experi-
mental data. Here we adopt the values that are determined by
studying other reactions. To be concrete, we take �π = �η =
1.3 GeV and �ρ = 1.2 GeV for the corresponding meson

exchanges [20,26] and �N∗ = 2.0 GeV for baryon exchanges
[15]. The cutoff parameter �η′ for the η′ meson exchange is
not well determined in previous works. To evaluate its value,
we adopt a popular parametrization of the cutoff parameter,
which can be presented as

� = mex + α�QCD. (12)

The typical value for �QCD is about 300 MeV [2]. The free
parameter α cannot be calculated from first principles. In
literatures, the α varies in a range from 1.0–2.0 [27]. In this
work, we will employ α = 1.0 in the calculations and thus the
value of �η′ is taken as �η′ = 1.26 GeV. The uncertainties
due to this parameter will be discussion in Sec. III.

With all the ingredients given above, the amplitudes can be
constructed and the obtained amplitudes are as follows:

MN∗
1
2

− = − ie

mφ

gφγ PgNN∗Pgη′N∗N

× ū(p f , mp)G 1
2
(pN∗ )u(pi, mp)G0(k)

× εμναβ pμ
φε∗ν (pφ, sφ )pα

γ εβ (pγ , sγ )

× FB(pN∗ , mN∗ )FM (k, mP ) (13)

MN∗
1
2

+ = ie

mφ

gφγ PgNN∗Pgη′N∗N

(mp + mN∗ )2

× ū(p f , mp) � pη′γ5G 1
2
(pN∗ )γ5k/u(pi, mp)

× G0(k)εμναβ pμ
φε∗ν (pφ, sφ )pα

γ εβ (pγ , sγ )

× FB(pN∗ , mN∗ )FM (k, mP ) (14)

MN∗
3
2

+ = ie

mφ

gφγ PgNN∗Pgη′N∗N

mPmη′

×ū(p f , mp)pη′ρGρσ
3
2

(pN∗ )kσ u(pi, mp)

×G0(k)εμναβ pμ
φε∗ν (pφ, sφ )pα

γ εβ (pγ , sγ )

× FB(pN∗ , mN∗ )FM (k, mP ) (15)
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FIG. 2. Total cross sections for the γ p → φη′ p reaction as a function of the beam energy Eγ with individual contributions from (a) various
nucleon resonance and background term and (b) contributions from various meson exchanges.

MN∗
3
2

− = ie

mφ

gφγ PgNN∗Pgη′N∗N

mηmη′

×ū(p f , mp)γ5 pη′ρGρσ
3
2

(pN∗ )kσ γ5u(pi, mp)

×G0(k)εμναβ pμ

φε∗ν (pφ, sφ )pα
γ εβ (pγ , sγ )

× FB(pN∗ , mN∗ )FM (k, mP ) (16)

Mbg = e2

2mp

gφρπ gη′ργ gπNN

mφm′
η

εμναβ pμ
φε∗ν (pφ, sφ )pα

ρ

× Gβb
1 (pρ )εabcd pa

ρ pc
γ εd (pγ , sγ )G0(pπ )

× ū(p f , mp)γ5 � pπu(pi, mp)

× FM (pπ , mπ )FV (pρ, mρ ), (17)

where pi and p f represent the four-momentum of the initial
and final proton, respectively. P denotes the exchanged pseu-
doscalar meson η, η′, or π .

The differential and total cross sections for this reaction
can be calculated through

dσ = 1

8

mN

(2π )5(pi · pγ )

∑
λφλγ λiλ f

|M|2 mN d3 p f

E f

d3 pφ

2Eφ

d3 pη′

2Eη′

× δ4(pi + pγ − p f − pφ − pη′ ), (18)

where λφ, λγ , λi, and λ f are the helicities of the φ meson,
photon, initial, and final protons, respectively. M is the corre-
sponding full amplitude of this reaction.

III. RESULTS AND DISCUSSION

In this section, we present the calculated results for the
γ p → φη′ p reaction based on the model described above.
The results for the total cross sections from threshold up
to 4.9 GeV, together with the contributions from individual
nucleon resonances and various meson exchanges, are plotted
in Fig. 2. As shown in Fig. 2(a), it is found that the N (1895)
gives the most important contribution in this reaction. As

close to the threshold, its contribution becomes dominant. The
dominant role of the N (1895) is mainly attributed to its large
couplings to the Nη and Nη′ channels and the s-wave nature of
its coupling to Nη′. Other resonances and background terms
only play minor roles in this reaction. With the beam energy
increasing, their contributions will become more important.
The solid line represents the sum of the contributions from
individual nucleon resonances and background term. The
interference effects among the individual contributions rely
on the relative phases, which are not well determined in our
model. However, to have a feeling about the uncertainties
due to the interference effects, we have tried various relative
phases among the amplitudes of the nucleon resonances and
the background term and found the change of the total cross
sections is within 25%. At the near threshold region, the inter-
ference effects become negligible because the production of
the N (1895) dominates this reaction. Due to the dominant role
of the N (1895) at the near threshold region, this reaction may
offer a nice place to investigate its properties. The individual
contributions of π , η, and η′ exchanges are plotted in Fig. 2(b).
It shows that the η exchange plays the most important role
for the excitation of the nucleon resonances in this reaction.
While, the π exchange only plays a relatively unimportant
role here.

As mentioned in Sec. I, the study of the present reaction
provides a good supplement to the studies of the nucleon
resonances in the γ p → pη′ reaction. In the very recent works
[12,14], the authors argued that there were evidences of a
new nucleon resonance having extremely small width in the
γ p → pη′ reaction near threshold. Up to now, the existence
of this resonance is still not well identified. It is then valuable
to discuss the possibility of looking for the narrow resonance
in the present reaction. Since till now the signal of the narrow
resonance was only found in the γ p → pη′ reaction, it is
natural to expect that the narrow resonance has a relatively
large coupling to the Nη′ channel and thus should also be
present in the reaction under study. Compared to the γ p →
pη′ reaction, the present reaction is suitable to look for this
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FIG. 3. Total cross sections for the γ p → φη′ p reaction as a
function of the beam energy Eγ with taking (a) α = 1.0 and (b) α =
2.0. The gray and slashed bands represents the uncertainties due to
the branching ratio of N∗ → Nη′ varying from 10%–50% for the 1

2

−

and 3
2

−
assignments for the new resonance respectively. Other lines

have the same meanings as Fig. 2(a).

new resonance since the γ -φ-meson vertex enhances the η

and η′ exchange contributions and thus may amplify the signal
of the new resonance. As suggested in Refs. [12,14], the
mass, width, and JP quantum numbers of this new resonance
may be M = 1900 MeV, � = 3 MeV, and JP = 3

2
−

(denoted
as N∗

3
2

− hereafter) or M = 1902.6 MeV, � = 2.1 MeV, and

JP = 1
2

−
(denoted as N∗

1
2

− hereafter).2 In the following, we

will consider both these two assignments and examine their
possible contributions individually. To obtain the coupling

2For the JP = 3
2

−
assignment, only the upper limit of the width

is available, so we adopt this value in the calculations. We have
checked, with adopting a smaller width such as � = 2.1 MeV, the
main results will not change significantly. For other parameters of
the resonances, we simply use the central values suggested by the
references.

constants of the N∗
3
2

−Nη′ or N∗
1
2

−Nη′ vertices, we have assumed

that the branch ratio of the new resonance decaying to Nη′,
i.e., Br(N∗ → Nη′), lies within 10%–50%. Then, the cross
sections by only considering the η′ exchange can be calculated
and are shown in Fig. 3(a). To estimate the uncertainties due
to the parameter α, here we also show the results for α = 2.0
[Fig. 3(b)]. By taking α = 2.0, the cutoff parameter �η′ is
then taken as 1.56 GeV, which will enhance the η′ exchange
contribution. It is found that the η′ exchange can be enhanced
by a factor of about 7 due to this change. While, the relative
roles of the nucleon resonances are basically unchanged. The
bands in the figures reflect the uncertainties of the contribution
of the N∗

3
2

− or N∗
1
2

− due to the Br(N∗ → Nη′) varying from

10%–50%. As can be seen from the figure, the obtained cross
sections for the N∗

3
2

− production is larger than those for the

N∗
1
2

− case even though a same value for the Br(N∗ → Nη′)

is adopted. The enhancement for the N∗
3
2

− production can be

understood in the following way. At the nucleon resonance
production vertex, the vertex function of the N∗Nη(η′) vertex
is roughly proportional to pL

th at the near threshold region,
where pth is the magnitude of the threshold momentum of
the γ p → φη′ p reaction in the center of mass frame and L
is the relative orbital angular momentum of Nη′ system in
the N∗ → Nη′ process. In order to produce the φη′ p final
states, a large threshold momentum is needed, which then
enhances the N∗

3
2

− (L = 2) production due to the pL
th factor

compared to the production of the N∗
1
2

− (L = 0). The trend

of the cross sections at higher energies can be understood
in a similar way. With taking Br(N∗ → Nη′) = 50%, we
find the production of the new resonance gives considerable
contributions to the total cross sections for both the N∗

3
2

− and

N∗
1
2

− cases at the near threshold region. However, with taking

Br(N∗ → Nη′) = 10%, the production of the new nucleon
resonance will only play a minor role in this reaction. Since
the knowledge of their decay branch ratios are still lacking, it
is then helpful to examine their effects in the two limit cases,
i.e., Br(N∗ → Nη′) = 10% or 50%.

In Fig. 4, we study the spectrum of the invariant mass
Mpη′ with and without the contribution from the proposed
new nucleon resonance.3 In Fig. 4(a), we first study the N∗

3
2

−

case. To compare the results taking Br(N∗ → Nη′) = 10% or
50% and the result without considering the new resonance in
one figure, we have rescaled the invariant mass distributions
by multiplying a constant factor. As can be seen from the
figure, if we adopt Br(N∗

3
2

− → Nη′) = 50% the new N∗
3
2

−

will cause a very sharp peak in the Mpη′ spectrum. Even
if Br(N∗

3
2

− → Nη′) = 10% is adopted, there is still a small

bump shown in the Mpη′ spectrum. The corresponding results
for the N∗

1
2

− case are shown in Fig. 4(b). In this case, we

3We have checked that by taking the parameter α = 1.0 or 2.0 the
differential cross sections show similar patterns. So in the following
we will only show the results with taking α = 1.0.
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FIG. 4. Invariant mass distributions of the final pη′ pair at Eγ =
4.15 GeV for (a) the N∗

3
2

− case and (b) the N∗
1
2

− case. The red dotted

line, the gray dash-dotted line, and the blue dashed line represent the
results with taking Br(N∗

3
2

−
/ 1

2
− → Nη′) = 50%, 10%, and the results

without the new resonance’s contribution. The black solid line stands
for the pure phase space distribution.

find the signal of the new nucleon resonance is also clearly
seen. In fact, the signal of the N∗

1
2

− in the invariant mass

spectrum seems more pronounced than that in the N∗
3
2

− case.

This result may seem to conflict with naive expectations based
on the corresponding total cross sections shown in Fig. 2(a).
Through a more detailed study, we find the reason for this
is that the interference between the N∗

1
2

− and the N (1895) 1
2

−

amplitudes is much stronger than the interference between the
N∗

3
2

− and the N (1895) 1
2

−
amplitudes. Through the interference

effects, the signal of the N∗
1
2

− is thus amplified due to the

dominance contributions of the N (1895) 1
2

−
. Note that in the

results shown in Fig. 4 we have assumed the production
amplitudes of the N∗

3
2

− or N∗
1
2

− have positive interference with

FIG. 5. Angular distribution of η′ in the pη′ rest frame at Eγ =
4.15 GeV for (a) the N∗

3
2

− case and (b) the N∗
1
2

− case with θη′ being

the angle between the η′ momentum and the beam direction. The
instructions for various lines are the same as those for Fig. 4.

the amplitude of the N (1895) 1
2

−
. If negative interference is

adopted, the peak of the new resonance will be replaced by a
dip structure with a similar magnitude for the N∗

1
2

− case. While,

such change only induces a minor effect for the N∗
3
2

− case. This

observation is in accordance with the conclusion that the peak
of the N∗

1
2

− shown in Fig. 4(b) is mainly due to the interference

effects.
In Fig. 5, we study the η′ angular distribution in the pη′ rest

frame, which may offer clues about the quantum numbers of
the new resonance. To compare the results for various cases in
one figure, the differential cross sections are also rescaled to
the same range. In Fig. 5(a), we study the angular distribution
of the η′ in the N∗

3
2

− case. In this case, we find that by adopting

Br(N∗
3
2

− → Nη′) = 50% the inclusion of the N∗
3
2

− can signif-

icantly change the η′ angular distribution and the curvature
of the angular distribution [the red dotted line in Fig. 5(a)]
clearly indicates the higher partial wave contribution from the
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FIG. 6. Polarized target asymmetry for the γ p → φη′ p reaction
at beam energy Eγ = 4.15 GeV with θη′ being the angle between
the η′ momentum and the beam direction in the pη′ rest frame.
The solid line represents the results without the contribution of the
new resonance. The dashed and dotted lines show the results with
including the N∗

3
2

− contribution by adopting Br(N∗
3
2

− → Nη′) = 10%

and 50% respectively.

new resonance. However, by adopting Br(N∗ → Nη′) = 10%
the signal of the new resonance becomes insignificant. Even
though it is possible to amplify its signal by making a cut on
the MNη′ with MNη′ < 1.91 GeV, this is only feasible when the
statistics of data is large enough. The corresponding angular
distributions with including the N∗

1
2

− contribution are shown

in Fig. 5(b). We find that in this case the effects due to the
new resonance are not apparent. This is partly because of the
relatively small production rate of the N∗

1
2

− and partly because

of it also being a s-wave state which make its contribution
indistinguishable from the dominant contribution from the
N (1895) 1

2
−

. Due to the different features caused by the new

nucleon resonance having JP = 1
2

−
or 3

2
−

, we expect a com-
bined analysis of both the invariant mass spectrum and the η′
angular distribution can offer valuable information about the
quantum numbers of the new nucleon resonance.

Finally, it is also interesting to discuss the possible effects
of the new nucleon resonance on the polarization observ-
ables. In Refs. [12,14], it was found that the new resonance
may show clear signals in the polarization observables. In
our model, the nucleon resonances are excited through the
exchanges of π , η, and η′. So the intermediate nucleon
resonances are not sensitive to the polarization of photon
beam, while it is found that the measurement of polarized
target asymmetry can offer valuable information about the
intermediate nucleon resonances. Following the conventions
in Ref. [28], we present the predictions for the polarized target
asymmetry Py for the N∗

3
2

− case in Fig. 6, where the y axis

is chosen along �pi × �p f with �pi( �p f ) being the momentum
of the initial (final) proton in the pη′ rest frame. It is found
that even with taking Br(N∗

3
2

− → Nη′) = 10% the signal of

the N∗
3
2

− is still clear. While for the N∗
1
2

− case, we find the Py

is insensitive to the N∗
1
2

−’s contribution. After including the

N∗
1
2

−’s contribution, the Py is basically unchanged as compared

to the results without the new resonance’s contribution (solid
line in Fig. 6). Thus the measurement of the Py may offer the
evidence for the existence of the N∗

3
2

− and help us to identify

its quantum numbers.

IV. SUMMARY

In summary, we have studied the γ p → φη′ p reaction
within an effective Lagrangian approach and isobar model.
We investigate the possible roles of various nucleon reso-
nances in this reaction using the PDG averaged values for
their masses, widths, and decay branch ratios. Among these
nucleon resonances, we find that the N (1895) gives the most
important contribution in this reaction. In addition, we also
discuss the possibility of looking for a newly proposed nu-
cleon resonance in the present reaction. It is found that the
suggested new resonance may give significant contribution
in the present reaction, which makes this reaction a suitable
place for looking for this new resonance. More information
about the new resonance can be obtained by studying the
invariant mass spectrum, the η′ angular distribution in the
pη′ rest frame and the polarized target asymmetry. Therefore,
the study of this reaction can provide valuable information
about nucleon resonances in the intermediate states, which
constitute a good supplement for relevant studies of the γ p →
pη′ reaction.
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APPENDIX: COUPLING CONSTANTS

In this Appendix, we present the formulas for obtaining the
coupling constants shown in Table I. In practice, the effective
coupling constant can be evaluated from the corresponding
partial decay width if the partial decay width is available.
Using the effective Lagrangians offered in Sec. II, the ex-
pressions for the partial width for various processes can be
obtained as

�[V → Pγ ] = e2g2
V Pγ

12π

| �p|3
m2

V

(A1)

�[φ → ρ0π ] = e2g2
φρπ

12π

| �p|3
m2

φ

(A2)

�[N∗
1/2± → PN] = κg2

PNN∗

4π

(EN ∓ mN )

m∗
N

| �p| (A3)
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�[N∗
3/2± → PN] = κg2

PNN∗

12π

(EN ± mN )

m∗
N m2

P

| �p|3 (A4)

�[η′ → ργ ] = e2g2
η′ργ

4π

(Eρ + | �p|)2| �p|3
m4

η′
, (A5)

where | �p| is the magnitude of the momentum of final particles
in the rest frame of the parent particle, P(= π, η, η′) and V (=
ρ, φ) stand for pseudoscalar and vector mesons, and κ is the
isospin coefficient taking 1 or 3 for the mesons having isospin
I = 0 or 1, respectively.

The above formulas are suitable for resonance with mass
not close to the threshold of the decay channel. In the cases
for the N (1895), N (1900), and the proposed N∗

3
2

− or N∗
1
2

− , they

lie very close to the Nη′ threshold and it is then necessary

to take into account their finite widths. To include the finite
width effects, we fold the expression for the width with the
mass distribution of the particles as

�N∗→NP

= − 1

π

∫
ds�N∗→NP(

√
s)�(

√
s − MP − MN ) ·

Im

{
1

s − M2
N∗ + iMN∗�N∗

}
FB(pN∗ , mN∗ ), (A6)

where the expressions for �N∗→NP are given in Eq. (A1)–
Eq. (A5) with substituting

√
s for mN∗ . The form factor taking

into account the off-shell effects of the resonance [Eq. (9)] is
also included for consistence.
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