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»MOTIVATION
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#+++ [Existence is certain, and properties are at least fairly well explored.
- Existence is very likely but further confirmation of quantum
numbers and branching fractions is required.

*k Evidence of existence is only fair.
* Evidence of existence is poor.
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N experimental and model states below 2200 MeV
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Photoproductions with high thresholds have
advantage in study about N* near 2.0GeV



N* NEAR 2 GEV IN THE PHOTOPRODUCTIONS

Experiment:
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Results about N*— A(1520) K, X(1385) K, and N y from CQM

N to Ny, Nr, and A(1520)K model amplitudes
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N baryon model states
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Interaction mechanism

A (1520) photoproudction
2.(1385) photoproduction
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Gauge invariance and Regge trajectories

Generalized contact term Haberzettl, etal., PRC 74,045202(2006)."’““%
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Nucleon resonances contribution HH%

s—channel

The Lagrangian for the radiative decay can be written as | The Lagrangian for the strong decay can be written as
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S.-J. Chang, Phys. Rev. 161, 1308 (1967). J. G. Rushbrooke, Phys. Rev. 143, 1345
(1966). R. E. Behrends and C. Fronsdal, Phys. Rev. 106, 345 (1957).

Coupling constants f,, f,, h, and h, are determined by decay amplitudes

Decay Amplitudes Decay Amplitudes
in constituent quark model — with effective Lagrangian

Y. Oh, C. M. Ko, and K. Nakayama, Phys. Rev. C 77, 045204(2008).



The A(1520) photoproduction and N(2120)

TABLE II: The nucleon resonances considered. The mass mg, helicity amplitudes A, and partial wave decay amplitudes G({) are in the unit of
MeV, 103/ YGeV and VMeV. respectively. The last column is for y? after turning off the corresponding nucleon resonance with y> = 1.38 in
full model.
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Total cross section for the A(1520) photoproduction

Our results about the total cross section was confirmed
by the experimental results released by CLAS@Jlab

CLAS, Phys. Rev. C 88, 045201 (2013)
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Differential cross section

PRC86, 035204 (2012) CLAS, Phys. Rev. C 88, 045201 (2013)
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Refitting based on the CLAS experiment He, Nucl. Phys. A927:24 (2014)
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The 2(1385) photoproduction and A(2000)
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» The contact term is dominant in the interaction mechanism
»The u channel is responsible to the behavior of differential cross section at backward

angles.



Contributions from nucleon resonances
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FIG. 2. (Color online) Total cross section o for corresponding
nucleon resonance as a function of the photon energy W in center-
of-mass frame.



»THE INTERNAL STRUCTURE OF N(1875) AND N(2120)

PDG
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The N(2120) is essential to reproducing the
experimental data with assumption it is the third
state with spin parity 3/2-.



2200

2100

2000

N to Ny, Nx, and A(1520)K model amplitudes

LONN
PO

>(1385)K

1800

1700

1600

1500

1400

N baryon model states

N(1875) is close to 2(1835)K threshold

—_ seen in Nm
e
weak or missing
——] — N '
Y am <
| A(I520)K| threshold
(//“M/ 0 0510
Mev 12
N amplitudes
|
e 0O 5 10
...... +Km| threshold -0 '+ 172
A(1520)K amplitudes
rem——
0 5 10
Mev 172
I
Hi
=
N5/2 N7/2

PDG

N(2120)

* %k

N(1875)

k k%

N(1700)

* k%

N(1520)

%k %k %k %k



N(1875) as a bound state from 2(1385)K interaction

Bethe-Salpeter equation for vertex Decay through hadronic loop mechanism
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Jun He. Phys.Rev. C91 (2015) 1, 018201



Binding energy and branch ratio

TABLE II: The binding energies E for XK system with different cut
off A The cut off A, binding energy and branch ratio are in the units
of GeV, MeV and %, respectively.

A E I'| Nro Np Nw Nr AK 3K
1.68 3 41| 559 4.7 141 224 23 06
1.72 8 73| 558 4.7 140 226 23 06
1.76 16 111| 557 4.7 140 227 22 06
1.80 28  155| 556 4.8 142 228 2.1 0.5
1.84 44 204 553 49 146 227 20 05
1.88 67 257| 549 5.1 149 229 18 04
1.92 100 312| 536 51 147 248 15 03

PDG [1] | 30732 24%3% 6% 201 7% 0.7404

BnGa [2]| 0720 200739 | 60*13 372 472 157

ING )| -85 324 57.1 123 20.8 9.7 0

Branch ratio is not sensitive to the cut off
The results support molecular state assumption



>RESEARCH DECAY OF N(2120) TO N(1675) IN EXPERIMENT

Why not research N* near 2 GeV in the
photoproduction of a nucleon resonance?




Total cross section with the cascade decay

0.097 @) N(‘P,)312-N(‘P,)1/2° T (b) N(*P,)3/25N(*P,)1/2" -

M M
- A,=10GeV] T I,,=0.30 GeV|
0.06] A, =1.0Gev| | r.,,=0.15 GeV
0.03f T
3 ] ]
3 1.6 AP — - | ' | '
o L (¢) NCP,)3/2N(P )52 1 (d) N(P,)3/25N(P )52 -
12F L Ag=106 T r -030GeV| ]
i ) = T -\
o8l | MeT0GM 1 B r,,=015GeV| |
0.4+ /\\ |
OO | n ]




Background

0.9 (@) T =045 GeV T 4

N(2120)

0.6 -_ 3.75 -
[ 35
0.3} '

325 L

[=]

275 b ¢ -

0.0L

u] OOoooOoooooo0oooooo
ooooooooo0o0o0o0O0000O0O0O0O0Oo0
oo OoOooO000000O0oooOO0oO0n

M2 ,..(GeV?)
w
T

(b) Tyyp150,=0-25 GeV ]

1.2 F

: 25
0.8F 225
04F 2

1.75

001 02 03 04 05 06 07 08
M2 (GeV?)

0.0t




SUMMARY

The YN—-KA(1520)/KX(1385) reaction 1s studied.

®The resonance A(2000) 1s most important in the X(1385) photoproduction.
®The resonance N(2120) 1s most important in the A(1520) photoproduction.

®The contributions from other nucleon resonances are negligible.
CIN(1875) can not be put into CQM. a £*K molecular state.

OThe nucleon resonaces with high mass can be studied with the

photoproduction of nucleon resonances
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