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The experimental status

The pp threshold enhancement in the J/y — ypp process
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e The first observed enhancement at pp thr. e The quantum number J*¢ = 0~*

® S-wave BW fit ® The Juelich model analysis
M = 18591 (stat)*> (syst) MeV M = 1832 P(stat) £ 19(syst) MeV
[' <30 MeV [' <76 MeV



The experimental status

[1]BES, PRL91,022001
Search for pp thre. enhancement in various processes  [oesm cpc3s 421
3]CLEO, PRD82,092002
(1859,<30)[11; 5|BESIII,PRL108,112003
7/ _ (1861,<38)[2];  *(1835) ~+  [6]BES,PRL95,262001
Y = YpPp 1837 ~0)[3]-  Superposition of 4]
(1837,=0)[3]; A 7|BES,EPJC53,15
(1832.<76)[5]: |
; — —— 8|BESII, PRDS7, 112004
D imilar struct 1 - _
Jly — n°pp No similar structure [1,5] 9IBES, PLB510,75
JIw — wpp No similar structure [7,8] - 10]BaBar,PRD73,012005
7/ 11]Belle, PRL88,181803
— Npp No similar structure [9 -
v o 12]|Belle, PLB659,80
25) —» Xpp . .

1/(/)(( :)% ﬂO,%? No similar structure [3] _ 13]BaBar,PRD72,051101
Lo _ near-threshold enhancement 1s i 14]Belle, PLB617,141
€e —pp observed [10] 15]Belle, PRLSY, 151802

B — Xpp near-threshold enhancement is ) 16]BaBar,PRDS85,092017
_ * _
X =7 K,K,D") observed [11-17] 17]CLEO,PRDS2,092002

B



The experimental status

The observation of the X(1840) in J/y — y3(znt7n™)

AL L B e A structure at 1.84 GeV is observed
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in the 3(z*7 ") invariant mass
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o

distribution with a statistical
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o

significance of 7.6 ¢
e Modified BW fit
M = 1842.2 + 4.2(stat)*)5(syst) MeV
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The experimental status

The observation of the X(1880) in J/yw — y3(x xn")
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e The two BW fit describe the data well

A=

Model-I: one resonant structure (y?/Ngor=317.9/44):
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M2 —s—i};9;p;

Model-1I: two resonant structures (y2/Ngor=155.6/41):
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The theoretical status

The study came back to 1949 Interpretations on the market
e Final state interaction effect

Chen et al., PRD83, 094029, Chen et al.,
PLB692,136, Chen et al., PRD78, 054022, Kang et

al., PRD91,074003, Milstein et al., NPA966,54,......

Are Mesons Elementary Particles? ® PseudOscalaI‘ glue ball

E. FErMr anp C. N. Yanc*
Institute for Nuclear Studies, University of Chicago, Chicago, Illinois

(Received August 24, 1949) Li, PRD74, 034019, Kochelev et al., PRD72,

The hypothesis that m-mesons may be composite particles formed by the association of a nucleon with

an anti-nucleon is discussed. From an extremely crude discussion of the model it appears that such a meson 09 7502 He et al EP]C 49 731 H ao et al
. . . . 7 ey J J 4

would have in most respects properties similar to those of the meson of the Yukawa theory.

PLB642, 53, Gui et al., PRD100, 054511, ......

Although a great effort has been put forward, the e Radial excitations of ;7’

properties of the resonances in the mass region of
[1.8,1.9] GeV is still remain controversial. Huang et al., PRD73,014023, Yu et al., PRD83,

114{)07 Wang et al., PRD102,114034, ......
So 99 state

Li et al., PRD77,074004......

® Several reviews

6 Liu et al.,, Symmetry 8, 14......



A combined analysis of the J/w — ypp and
J/w — y3(z*x~) channels

I/

]/
3(mtm7)

(b)

e Dynamic channel NN

e Non-dynamic channel 3(z*7z7)

Niu et al., arXiv:2408.14876 (PRD in press)



Framework

The potential among the dynamic channels

The leading and next-leading order NN contact
interactions in the chiral effective field theory:

Lg\(])I)VZCS-I_CTO.l'O.Z’

L§v21)v = C19° + C,k* + (C3q°% + C,k? Yo, - 0,

+%C5(0'1 +02) - (qXk) + Ce(q - 01)(q - 02)
+C;(k-01)(k - 03).

® The partial wave projection

The NN interaction in the isospin basis

VlISO — CIl + Clz(pz + Plz),l =0,1
C11: complex number to take into account the

annihilation contribution

The partial wave interaction :
L(*So) = Co1 + Co2(p + D)
L(°Sy) = Ci; + Ci2(p + ")

® The relation between particle basis and isospin basis

The 1sospin basis and the particle basis:
1
I =1,13 = 0) =—=(|pp) + [nn))
3 \/z pp
1
Il = 0,13 =0) = —=(|pp) — |nn))
3 \/E pp

Niu et al., arXiv:2408.14876 (PRD in press)

e Solve LSE numerically

e Potential with yEFT + NN scattering

Kang, et al., JHEP02,113
Dai et al., JHEP07, 078



Framework

The bare production amplitudes Niu et al., arXiv:2408.14876 (PRD in press)
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J/Y—>YNN J/w-y3(nta=) = “J/poy3(ntaT) NN-3(mtm™) NN-y6n
14 Y . . ,
The physical decay amplitudes
J/y 5 I/ o
P 4 N . M; jypsypp = 812 \E) sy By EpEs My gy,
v _ 7/2
D N 5 M]/‘([)—>)/3(TL'+TL'_) 321 \/E]/¢EYE2E3E4 M]/l/)—>3(7r+n_)’
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_ 40 a’p 40 LT
/¥ + M) yyni = Ajppyni + I Grg Aoy - 6T Tni-ni
_ 40 d3p ,
M, poys(mrn) = Ajpoya(rn) T / (2)3 M, pyyniy - G ANN-3(atn-):
3(n*m”) 3(m*tm™)

Yang et al., PRD107,034030, Dai et al., PRD98, 014005
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Framework

The fitting functions
+.-Y.
1. Data 2003: Events(m —) = faclx W pyrp Background for the J/i = y3(m"n):
PP drdmm_’ ) bg]/t/)—>y3(n+n_) =a+ bQ + CQZ.
2. Data 2012: Events(mm;) = fac2 x —LLL=YPP
dmpﬁ
AT}y ysetn) |, ?/gweys(n%‘)
3. Data 2024: Events(m,,) = fac3X e + Ay :

Discussed with Shuang-Shi Fang

The reduction of 7-body phase space to 4-body phase space

14 )4
+. - p ,m
1/ G RN v
Jz(nﬂr‘) P3, M3
() P

Niu et al., arXiv:2408.14876 (PRD in press)
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The fitting results

The fitting functions
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® Lit parameters:
Dynamic potential: Cyy;, Cyp, C;1, Coo
C

Non-dynamic potential: C, i 61

p—67m°
Production amplitudes: Cj;,_,,5 Cjpyyni
Background: a, b, c

Normalization factors: facl,fac2,fac3

® Two solutions



The pole positions and effective couplings

iy

+3.02 +22.41 +20.61 +1.66

Soltion ] MV)  Tool Laemns,  ser20nii  —oseln
(9o Inn)(GeV~1/2) (1.61,1.64) (3.42,2.22) (2.16,3.42) (0.98,0.94)
(91, 9o) (GeV~1/2) (0.017,2.37) (3.32,2.36) (3.31,2.32) (1.35,0.032)

+3.57 +8.77 +8.49 +1.13

Soluionll V) TOSCR Yerzanil +6001t8h —2settis
(Gpp» Gnn) (GeV~1/2) (1.85,1.88) (2.82,1.80) (1.76,2.82) (0.94,0.90)
(91, 9,) (GeV~1/2) (0.013,2.89) (2.68,1.99) (2.67,1.98) (1.30,0.033)

e Almost the same two fit results
e All the poles are below the lowest threshold
e (y, and Cy; are set to be complex values

e Only pole on the physical sheet strongly couples to isospin singlet

Niu et al., arXiv:2408.14876 (PRD in press)
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The pole trajectories on the complex energy plane
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The pole structures of the X(1840)/X(1880)

e Further suggested channel J/w — p°pp
(g1, 80) = (1.35,0.032)

. — : : e — : :
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On the first R. S. of Ty (bound state)

(g1, 80) = (0.0017,2.37)

e Further suggested channel J/y — wpp

Niu et al., arXiv:2408.14876 (PRD in press)
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The compositeness

Niu et al., arXiv:2408.14876 (PRD in press)

j1+z
scattering length: ay, = 2—nT(k)I,‘,_,O,

g [4T2E ___nomir (w_aotm | X

Effective-Range-Expansion : .

Compositeness: X =

1 1
T-1(k) = _Zu_n —a—0+ 2rok2 ik + 0(k4)]

0
Re[ag]

=

effective range: ry = ——R [ ,
Solution-I -2.30 1.70  -65.46-31.94i 0.98
correction from isospin breaking effect: Solution-II  1.50 550  -56.52-27.16i 0.91
, 1
o = 1o -+ Z_A
NAH There exists pp dynamical generated states.

Baru et al., PLB833,137290, Du et al., PRD105,014024
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The predicted nn line shapes

Niu et al., arXiv:2408.14876 (PRD in press)
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e A clear threshold enhancement, but not as significant as that in pp channel
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Summary and outlook

e Construct contact NN respecting chiral symmetry

e Describe the line shapes in both J/y — ypp, J/w — y3(x*n~) simultaneously
® The annihilation contribution is important

e Extract the pole positions of the two X states

e There exists a pp dynamic generated state

RS —1:m =1852 MeV, I' = 160 MeV (bound state)
RS—II: m = 1868 MeV, I' =2 MeV (virtual state)

Thank you very much for your attention!

Thank the organizers for organizing
the nice workshop in such a nice place!
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