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Motivation

* In 2010, from this paper, it was the first propose N*, A* with

h|dden charm exrst around 4 GeV |n theory.

e From 2015-Now, there are
more than 1000 citations for
LHCb experimental paper.

* In 2015 LHCb group frrst found two peaks of J/yp invariant
mass spectrum from Ab - J/pr reactlon

Prediction of Narrow N” and A" Resonances with Hidden Charm above 4 GeV
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* In 2019, LHCb group updated the new results.

Observation of a narrow pentaquark SE——
state, P.(4312)7", and of two-peak §rooop T
structure of the P.(4450)1" 5 F
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Motivation

* Why is it important to confirm P, in photo-production
reaction ?

* Three peaks of J/iyp invariant mass spectrum
1. Resonances? or Kinematics effects (Threshold & TS)?

2. If Resonances confirmed, what is the internal structure ?
Meson-Baryon molecule or 5 quark configuration state ?

3. What the spin and parity (JP) ?

=> We need more experimental input !




Motivation

* Why is it important to confirm P, in photo-production
reaction ?

c yp=2>P.=2>Jwyp VS A, =2 J/yKp
1. Resonances? or Kinematics effects (Threshold & TS)?
No Threshold & TS effect because two bodies final state.

2. If Resonances confirmed, what is the internal structure ?
Meson-Baryon molecule or 5 quark configuration state ?

Decay width of channels
3. What the spin and parity (JP) ?

Angular differential cross section, Two body vs Three body
=> \We need more experimental input !
Definitely, it will provide fruitful information of P, from y p reaction.




Motivation

* Inour 2010 paper, we have mentioned to search Pcinep > e Jly p
after update 12 GeV in Jlab experiment, but we did not calculate it in
detall at that time. | just give the results in my doctor thesis.

* |n 2019, Prof. Harry Lee was suggested by the experimentalist in
Argonne National Lab who also collaborates with Jlab. We re-start to

research this reaction, and provide estimations of production.
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vy p = J/y p background mechanism

 Feynman Diagram
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vy p = J/y p background mechanism
von@ T8 @~ Jy Y A= == - -y

 Feynman Diagram 1
N G > O N N S N
(a) (b)
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vy p = J/y p background mechanism
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exchange still
take very
Important role
even at the

threshold of J/y
production.
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yp2>P. 2 Jyp

7 Jy
p, @, Jy N\Nq\l\‘q\’“
P > P
VMD vertex

PcVP vertex




yp2>P. 2 Jyp

7 Jy
p, @, Jy M
P > p
Off shell On shell
VMD vertex

PcVP vertex
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yp2>P. 2 Jyp

Y Jly
p, @, Jy M
p = P
Off shell On shell
VMD vertex

PcVP vertex

\

PcyP vertex
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p>P.2>Jyp

y Jly
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« Various Models for P, = VB ' - '
No. Jr m T r, /N U'yv Tun Tpy. 'pey, Main Channel  Ref.
1 1= 4262 35.6 103 — — 0.01 — DY. 6]
2 4308 — 12— - 002 14 Dy, [7]
3 4412 473 19.2 32 104 — — D*s, 8. 9]
4 4410 589 525 — — 0.8 07 D*x, 6]
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12 4417 8.2 16 - = — 3.1 D*3, 6]
13 4450 139.8  16.3  0.14 05 414 723 D*¥. 5]
14 4450 21,7 003 — — 14 68 D*y, [10]
15 4450 16.2 11 - - 06 42 W'N [10]
16 4453 — 1.5 - = — 0.3 Dyr [7]
17 4481 347 328  — — — 1.2 D*sx 6]
18 o 4450 464 40 03 03 188 205 D*%, 5]
19 37/ 57 438035, 205ii; — - - - — Exp 1. 2]
20 445032 393, - - — — Exp 1, 2]
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Yyp=>P.=>Jyp

P. = VB interaction: Lorentz structure ,, T :

N
@

_ - . e 3rert 1,
MN*(%*)NVZUNW/E)'YMU’N*GVV giv g™’ + fiv 3 72 —§gN*

S0 A

_ . 3PP 1,
MN*(%*)NV = UNUN* p€y o (931/9”” + f3v (5 7 59%))
rer

- - . 1 A
+h3v €rstinys (795 + Fag"? ) un+ g€l , ( = - ggj‘(f{‘k) P°

= * 95V ~ f5V 377#177’/77‘1 1 ~ UV ~cy ~UO ~QL ~1
MN*(%+)NV = UNUN* pr€y o (m—Nga'u?"V =F m—N (ET — g (gN*?“ +gN*'r” +gN*?" )

hE’)V 8

o HvASEN TS (7 9¢0 90 + Ve9opIus + Vo updes) Un €y

~£ =\ o
reroT | L RV .
x( = —g(gf\?*r}‘+gj‘\£r5+gf{ﬁr")> P?




p>P. 2> Jyp

P. = VB Interaction: Lorentz structure
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yp2>P. 2 Jyp

p, @, J/y

Off shell

On shell

VMD vertex

PcVP vertex

PcyP vertex
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YyP>P.2Jwyp: yp—> P, vertex

y Sy
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| off shell
VMD vertex
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YyP>P.2Jwyp: yp—> P, vertex
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YyP>P.2Jwyp: yp—> P, vertex

Y Jy
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vyp>P.2>Jwyp: yp P, vertex
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YyP>P.2Jwyp: yp—> P, vertex

y Jy
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yp%Pc%J/\Vp:

« vp > P.: Gauge invariance

Y

p > P, vertex
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YyP>P. 2 Jwyp: yp~—> P, vertex

« vp > P,: The effect of off-shell vector
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yp%Pc%J/\Vp:

v p = P, : The effect of off-shell vector

yp > P, vertex

Jhy

= v *

e —my, g1v 5
M= ———— VL —57n (gwf — (

A4

It 1s just a suppress factor,
we have no idea how large it
is. In other word, in model,
the strength of N*Nyis not
determined. To compare with

existed experimental data, we
take a small cut: A=550MeV,
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The most unsatisfactory aspect of this work is the phe-
nomenological determination of the off-shell form factor
Fv(g%). It is determined by only using the data of total cross
sections of ¥ p — J/¥ p near the threshold, shown in Fig. 3.
While our predictions could be used as a first step to determine
whether the N predicted by the available meson-baryon
coupled-channel models can be found in the new data from
JLab, it 1s necessary to develop a more fundamental approach
to also predict Fy(¢*) from QCD models. Obviously. such
an improvement is necessary for using the ¢> dependence of
the J/y electroproduction cross section data to investigate
nucleon resonances with hidden charm.
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yp > P, vertex

Jly

No. JU' m T gv qv qv agv 1y (kev) y%‘%wu, Ty N\NJ\N"\N
J/p J/¥p  pp  wp | ’ e ’

1 4 4262 356 039 032 — - 39x107° vector -

> TS - 013 0L = o a5k 1070 e T e

3 4412 473 046 0.38 0.078 0.14 1.14 4380 144,3 38 0.70 0.15 [19]

L L R R o i R R v S

5 4460 - 020 0.16  — —  11x107%; ) _ - )

6 4481 57.8 037 031  — - 38x107° U/I\;\/\" , D/{\DN\"

737 4334 388 119 098  — —  13x1071 ) 4_&\__

8 4375 — 0.23 019 — —  46x1076

9 4380 144.3 0.36 0.30 0.090 0.17 0.53 [19] Lin, Shen, Guo, Zou, PRD95

10 4380 69.9 0.75  0.62 0.039 0.059  0.060 114017

11 4412 473 079 065 0.14 0.24 1.1

12 4417 82 039 032  — — 14x10-51idea how large it is.

13 4450 139.8  0.71 0.58 0.028 0.053  0.054 h of N*Nyis not

14 4450 21.7 0.030 0.025 — —  84x107° imental data, we

15 4450 162 0.58 048  — —  31x107°

16 4453  — 0.21 018  — —  42x1076

17 4481 347 098 081 — —  88x107°

18 37 4450 464 035 027 0.016 0.016 8.3 x 1072
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yp2>P. 2 Jyp

2J + 147 Uny gjwpl weyp

? Jy
%/), 5§ 1/,// {\I\l\l\l\]\'\'\'\‘
P g S—

)4

N
cc

2 2
4 qp |'F(tot)-‘
%
Ncé
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J/Wp J/Vp  pp  wp

147 4262 356 039 032 —  — 39x107° 19x1071
2 4308 — 0.13  0.11 — —  45x10°¢ —

3 4412 473 046  0.38 0.078 0.14 1.14 5.4
4 4410 589 0.75  0.62 — —  15x107% 1.3x107°
5 4460  — 0.20 0.16 — — 11x10°7° —

6 4481 57.8 0.37 0.31 — —  38x107° 88x107?
7 37 4334 388 1.19 0.98 — — 13x107% 3.7x 107
8 4375 — 0.23  0.19 — —  46x 1076 —

9 4380 144.3 0.36  0.30 0.090 0.17 0.53 0.11
10 4380 69.9 0.75 0.62 0.039 0.059 0.060 0.23
11 4412 473 0.79 0.65 0.14 0.24 1.1 10.8
12 4417 8.2  0.39  0.32 — —  1.4x107° 1.0x 107
13 4450 139.8 0.71  0.58 0.028 0.053 0.054 0.048
14 4450 21.7 0.030 0.025  — —  84x107% 58x 1077
15 4450 16.2  0.58  0.48 — — 31x107° 14x103
16 4453  — 0.21  0.18 — —  42x107¢ —
17 4481 34.7 0.98 0.81 — — 88 x107°  0.0026
18 g+ 4450 46.4  0.35  0.27 0.016 0.016 8.3 x 102 0.25
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No. JU m Ty Uypp Upy (kev) altt(uh) Ref.

9 37 4380 1443 3.8 0.53 0.11  This work
4380 144.3 38 0.70 0.15 [19]

18 537 4450 464 40 0083 0.25  This work
4450 464 4.0 1.13 3.4 [19]
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yp2>P. 2 Jyp
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The pure Pc contribution
is very dependent on the
choice of cut—off.

After using a form factor
for off shell vector with
550 MeV, we will find the
main contribution of VMD
is just from p/® meson,
and J/y contribution is
negligible.
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How to extract information of P ?
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v p = other final states
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Summary

We calculated the cross section of y p = J/y p reaction
through background and resonance with hidden-charm.

How to check pomeron exchange contribution at
threshold ?

How to make amplitude gauge invariance refer to real
photon ?

How to account the off-shell effect in the VMD model ?
How to find the proper cut to strengthen the signal of P ?
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