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i‘a‘»} J /1) decay

m There is structure near pp threshold on the n/7 7~ invariant spectrum
in J/¢ — yp'mTx~, the X (1835) was firstly discovered by BES.
[Phys.Rev.Lett.95:262001(2005)]

m The anomalous structures near pp threshold were found in the
processes J/v — y3(ntw ™), J/ip — yK2K2%n and J/y — y¢ by
BESIII. [Phys.Rev.D 88(9):091502(2013), Phys.Rev.Lett.95:262001(2005), Phys.Rev.D
97(5):051101(2018)]

m The latest measurement for J/¢ — v3(n+7~) was performed by
BESIII. [Phys.Rev.Lett.132(15):151901(2024)]
m Higher statistics and more precision.
m X (1880) and X (1835) are reported.



Threshold effect

The threshold enhancement effect:

m The enhancement effect of cross section, for example the processes of
ete™ — pp/nn, ete™ — ATA7, J/vb — ~vpp and etc, can be described
by final-state interaction.
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Threshold effect

Anomalous behaviors around the threshold

m For example there are kinks near the threshold for the processes of
J/p = yn'mtn=, I/ = yK2K%nand J/¢ — ~é.
B X.-W. Kang Phys.Rev.D91(7):074003(2015)
J. P. Dedonder Phys.Rev.C97(6):065026(2018)
A.l. Milstein Nucl.Phys.A966:54-63(2017)
L.-Y.Dai Phys.Rev.D98(1):014005(2018)
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( For J/¢ — ~3(ntn™)

m Can anomalous behaviors around the threshold for J /¢ — ~3(7 "7 ™)
be described by threshold effect?

m Can other partial wave described more better than 1S, partial wave?
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[L.Y.Dai Phys.Rev.D98(1):014005(2018), Q.H.-Yang Phys.Rev.D107(3):034030(2023)]



NN scattering

The Feynman diagram for .J/v) — v3(n 7 ™)

Lippmann-Schwinger equation

Trop (@, p's By) =V (p”,p)

dpp? ,, 1 ,
+ 7[/ 1" z ’ N E
ZL / (2m)3 L () 2E, — 2E, + 40T L (P 2's Ek)

Vi (p”,p') is SU(2) interaction potential.
For single channel L = L' = L



m Meson exchange potential: one pion, two pion and three pion
exchange;

m Contact potential,
= Annihilation potential.
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Regulation

Meson exchange potential
m Transform to position space by Fourier transformation
m Regulating in position space by following function

where the cut-off are took R=0.9,1.0,1.1 fm
m Transform to momentum space by inverse Fourier transformation

Contact and annihilation potential
m Regulating in momentum space by following function

/2+ 2
f@',p) = exp (—p A2p )

where the cut off A = 2R~!




following set of couple equations

T/p=3(nta)\) = L /pma3(nta) o (2m)3
1
Fapposon B0 G =g e ot (1)
< dkk?
F — _ = T —
NN 3t (Q) = VN3t r )(p)—i—/0 (2m)3

1
Tynonw (D ks Ek)mVNﬁas(ﬂf) (k).

The transition Born amplitude A(}/wﬁw(w*w*) and annihilation potential
VNIV—>3(7T+7T*)

VNN D3 () = CVNN%?)(W*#*)+CNN%3(7r+7r*)p27

AY iy (Q) = Crppmnsmta ) +Crjposmsnin) @,
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i‘«‘ -<* The decay rate and cross section

The Lorentz invariant amplitudes M ;. 3(x+7x-) @nd M,5_3(x+7-)

Myjpsrsmin—) = —327% JENEgpE1EoE3F /gy,

MNNS3(mtn) = —3272 En/E1 B2 B3 Fy .

In order to simplify phase integration, 77~ regard as a whole.
E;(i = 1,2,3) denote the energy of three (=7 ~) in the final state.
The decay rate and cross section

dr (m?j/d; - Q2)|MJ/'(/)—>’Y3(T(+7T_)|2
— dtydto ——
dQ 5(Q) 6144Nmom? . Q

|Mpﬁ—>3(7r+7r*) |2

/ dt]dtd - .
B(Q) 1024N73Q3, /Q% — 4m2

where @ is both the invariant mass M;,+,-) and the center-mass energy of
NN.
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The model parameters

m The LECs C;, C; and D; in contact potential, and C¢, C# and D¢ in
annihilation potential

V('So) =Cis, + Crs, (P> + p'?) + Dig p*p” + Dig, (p* + p™*)
Vann (1 90) = — i(Ctg, + Ctg,p” + Dig p'*)(Clg, + Cig,p” + Dig p'*)

They are took the results from L.-Y.Dai JHEP07(2017)

G, C .in transition Born amplitude Af’]/w_ws(ﬂﬂ_) and annihilation
potential Vi 5 _,5(z+~-)

m Some normalization factor.



The partial wave

The partial wave and quantum number for pp system
(P _ (—1)L+1,C — (_1)L+S)

0 1SO(O—+) 3PO(1++)
1| tP(1t7) 3P (1th) 35(17) 3Di(177)
2 | 'Dy(27F) PDy(277) PRy(1HT)

NS
Il

The quantum number of both J/¢ and v: JF¢ =17

The allowed partial wave of 3(7*#~) and pp system:
m 1Sy, 3Py, 3P, 1Dy, 3 Py;
m Higher partial wave are ignored.

The fitting for isospin I = 0, 1 are considered.
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The fitting results for 2=0.9 fm
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Better fits
m/=0: ISO, 3P1, 1D2;
m/=1: 3P0, 3P1.
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Better fits
m/=0: ISO, 3P1;
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The partial wave for best fit: 3P, (I = 1,0).
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m The amplitudes of the processes J/¢ — v3(xT ™), J/¢» — vpp and

pp — 3(w T ~) are obtained through solving LS equation and a set of
couple equation of DWBA;

m Fitting the J/¢ — v3(n*T7~) latest measurement results, analysing the
results of different partial wave.

m The latest data can be described very well by threshold effect, the
partial wave 3P, (I = 1,0) give the best fitting.



Thank you for your patience!
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