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2. Bethe—-Salpter equation

\Unitarty: The unitarity of the scattering
amplitude must be conserved

" Since S=1—-iT,
The T-amplitude can be obtained by solving -

ﬁe Bethe-Salpeter equation in the on-shel
approximation:

T=V+VGT =(1-VG)'V.




2. Bethe—Salpter equation

Y denotes the interaction vertex

%presents the loop function, 1n the dimensional
cgularization scheme, the loop function takes a

~ explicit form:
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2. Bethe—Salpter equation

"]l“he decay widths of intermediate rho and K* mesons
%aken into account in the loop function:
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3. Hidden Gauge Symmetry

"J[“he i}teraction of the vector meson with the baryon

y

"

0 can be involved according to the hidden gauge

ymmetry:
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3. Hidden Gauge Symmetry

Therefore, the vertex of three vector mesons can be

Wined with the Lagrangian
— Ly, = ig<(Vﬂ5vVu - avVﬂVﬂ)Vv>’

~ The coupling of the vector meson and the baryon
octet comes from
Lyw =g|(By,r*.B) +(By B)v*))
with
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3. Hidden Gauge Symmetry

I\n analogy with the interaction of a pseudoscalar

:fﬁmn and a baryon, the vector-baryon interaction
an be constructed similarly ,
~ S. Sarkar et al.,EPJA 44, 431 (2010)
Vv
— ){ S
B
/ﬁad the kernel takes the form of
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b ARSI\
%3. Hidden Gauge Symmetry

1(:1entsC for S=0 and I=1/2 are listed as
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4. phi—=proton interaction

\S. Agli@rya et al., PRL, 127, 172301, 2021
~ The ALICE collaboration reports the experimental
/gy_;lence on the attractive phi-proton interaction,
~ and the real and imaginary parts of the scattering
lengh read respectively,
Re(f,)=0.85+0.34(stat )£ 0.14(syst ) fin,
Im(f,)=0.16 = 0.10(stat )+ 0.09(syst ) fin.
parently, the phi-p elastic scattering plays a
—dominant role, and the inelastic process 1s less

important.



4. phi—=proton interaction
\S' Agh@rya et al., PRL, 127, 172301, 2021

y phi-p interaction take a Yukawa type of
otential,

> —ar A=0.021 +0.009 +0.006 (syst ),

- €
V(I") =—4 > = 65.9 +38.0(stat )% 17 .5(syst )Me¥V .

It 1s different from the theoretical works where a \
phi-p bound state 1s predicted with the same kind o
f/@mmmHmt
— A=1.25, a = 600 Mel .
H. Gao et al., PRC, 63, 022201(R),2001
F. Huang et al., PRC, 73, 025207, 2006



4. phi—=proton interaction

\B. XgSn ct al., Commun. Theor. Phys.,75, 055301, 2023
~ Inthis work, the phi-p attractive interaction 1s
étuded in the kernel of the Bethe-Salpeter equation
~ 1n the unitary coupled-channel approximation. In the

momentum space,

2 2
V) =mzs 4=
g +a 4r

/Ii}e three-momentum transfer 1s neglected in the

~_calculation since the potential 1s only valid nea e
phi-p threshold. Moreover, a mass of the phi mgson
1s added 1n the kernel when the BS equation 1s
solved consistently.



5. Parameters

- | The phi-N scattering length can be written as
Ay 4 M,
g waZSﬂ\E ¢N—>¢N(\/;:m¢+MN)

—

fo fitting the experimental value off¢N , the
| sdbtraction constants are fixed as below:

0.86+i0.19 -2.0
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The pole positions and couplings to different

/(ﬁaannels are listed as

Ex,

0.1+i10.0

1949-i3 0.0+i0.0

1969-283  0.1+i0.1

0.0+10.2

2.1+10.1

0.1-10.1

1.6+10.3 1.8+10.0

0.3-i10.4 0.2-i0.0

i




6. Results
\The pole at 1949-13MeV 1s about 10MeV lower

y the phi-N threshold, so i1t can be regarded as a
hi-N bound state, which couples strongly to the

~ oN, K'A and K'Y channels.

JP
1969-i283 N(1895) 1/2- % 1890-1930 80-140
N(1875) 3/2- *** 1850-1950 100-220

he pole at 1969-1283MeV might correspond to the
—N(1895) or N(1875) particle in the PDG data.
S. Navas et al.(PDG), PRD, 110, 030001, 2024



‘. DiscUussion

‘In the momentum space,

2 2
/ V(r):_~2g(pN2’ A:g(pN’
g +a 4r

—

~ the three-momentum transfer i1s neglected in the
calculation since the potential 1s only valid near the
phi-p threshold.

The pole positions are stable at the case of q # 0. \“‘

}nly the couplings to different channels change
~slightly.



/. Dilscussion

When the Z] IS negleczted in the Yukawa

| potential, the ratio g N/az becomes critical

:ﬁrthe calculation “°
-J1/B. X. Sun et al., CTP, 75, 055301, 2023,

l’/

. goy/a’ =6.0x107 MeV .

2. H. Gao et al., PRC, 63, 2201(R),2001,
g’ /a’ =4.4x10° MeV .
A =1.25, a = 600 Mel .

/~ #3. F. Huang et al., PRC, 73, 025207, 2006,
g2 la’ =2.4x107MeV .
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Q. Prob lem?

\The resonance at 1969-1283MeV 1s higher than the

~ pha=N threshold, while the N(1895) and N(1875)
articles are both under the phi-N threshold.

-~

S

Hidden guage symmetry 1s only reliable

approximately.

Differnece of the mass of vector mesons?
igh-order correction?

—_— ... Other reasons?



10.-Summary

\B. Xe@Suin et al., CTP, 75, 055301, 2023

~ 1./Base on the attractive phi-N interaction anounced

dLICE collaboration, a phi-N bound state 1s

~ generated by solving the Bethe-Salpeter equation.
2. A correct phi-p scattering lengh 1s obtained 1n the
calculation.
3. A phi-N resonance state 1s produced dynamically
i the calculation.

—4. The consistency with other theoretical works~has

been discussed.
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