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.. 1. Introduction
L. 1.1 X(4260)

<> BABAR Collaboration, Phys Rev. Lett. 95, 142001 (2005)
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.. 1. Introduction
L. 1.1 X(4260)

¢ Theoretical Models
Molecule:xop°, wxer, AelAe, DD1(2420), Dy D;;
Tetraquark
cC

Hybrid state

Non-resonance

JJUKK o (4107) X (4260)  yeaw(41293)
@ E— — ®
P o — ——

D™ D (4020) D" D;(4224) Dy D(4280) AA(4572)



.. 1. Introduction

L. 1.2 Pole counting rule
¢ How to distinguish a molecular state from a “elementary state” ?

¢ Pole counting rule
D. Morgan, Nucl. Phys. A543 (1992) 632-644

According to the number of nearby poles
One = molecular state
Two = “elementary state”

€ However this rule is only applicable to S-wave !!!



.. 1. Introduction

L. 1.2 Pole counting rule
© Abrief review

< Unitarity
cot 6(p) + i
cot d(p) —1
~ peotd(p) +ip
- pcotd(p) —ip
¢ Effective-range expansions

S(p) = e =

S-wave: pcotd(p) = —% + %T’foPQ + O, (p — 0)
1

2i
+ —
P1 T P2 Ters

2
7ef 5]

L =0
- _fre — 1 f—
e D

\ 1|+ [p2| >
<> Teff ~~ L ~ (QOOMGV)—l
E ~ O(10)MeV



.. 1. Introduction
L. 1.2 Pole counting rule

< 1. Nonrelativistic potential scattering
[~ + U()n(r) = p*(r), (1) = p(r) (r — o0)

[~ + U()]to(r) = 0, to(r) = o) (r = o0)
= peotdip) = —5 +2° [ drleu(r)nlr) = dy(r)a(r)]

mﬁ:2£(ww%ﬁ—%wn~L<p%o>

¢ 2.CDD poles and dispersion relations
Without CDD poles: 75 ~ L

Within CDD poles:  po, g
P p?

pcotd(p) = 2l mig + corrections

— 2
Teff = m2g2



2. P wave molecular state
L. 2.1 Lagrangian

¢ The Lagrangian of charged massive vector field V is

1 | .
> F P + m2V Vi + igoe (9,4, — 8,4, )VHVY
En =D,V, — D,V D, =0, +ieg A,

L=—

¢ The interaction between y and DD can be described as

£ymen: = 1el9 (0, = AYIVAAY = (3,05 — 0,4 V)

+ 22 (9,4, — 0, A ) (VEVY* = VE V)]



2. P wave molecular state
N 2.2 Final state interaction

Ta’ 3
Otree = —5—— (s — 4”11%;)2[45”15;(9% +39192 + 93) + 12g7my. + g35?]

5ol
1252?”1;-;

To consider D¢ Dg final state interaction, the EM form factor A(s) 1s
added.

g1 = g14:(s)

g2 —> grA,(s)



2. P wave molecular state
|—> 2.3 Form factor

¢ The form factor satisfies the following equation

Im A = pAT”

¢ The OmneéSs solution is

A(s) = Py(s)expfo—2 f i outs)
4

mz, (5" = 50) (5" =)
» the subtraction point s; = 4m§,§

» the polynomial P,(s) = c(s —sy) + 1

» The cut off of integral is 1.1 GeV.

» &,(s) is the phase shift of DD} scattering.

}
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2. P wave molecular state
L. 2.4 The model of spherical square potential

<© The model of spherical square potential well

- _VO r<a 0
V(r)—{ 0 r>a

¢ Solve the Schrodinger equation

ny(ka)j;(k'a) — ny(ka)j;(k'a)
Jji(ka)j(k'a) — j,(ka)j;(k'a)

cotd; =

Ji - the spherical Bessel functions n,; - the spherical Neumann functions

/ mpsx
k? = 2uE, k'?=k*+2uVy =k*+U, p=-;3
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2. P wave molecular state

L. 2.4 The model of spherical square potential

& The partial wave S matrix

Sl = QZL"SI =

1 + itand;

1 — itand;

¢ 1 =1, the poles are determined by the following equation

ak?k’ cos(k'a) + Usin(k'a) — iakk'* sin(k'a) = 0

» fix a = 1 and increase U

» Two resonance poles are
approaching to the origin and
then one bound state and one
virtual state appear.

> Picture different from S-
wave

KFE
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2. P wave molecular state
|—> 2.5 Fit results

@ Fit Parameters

1.66fm 18.37MeV  -0.95 12.02 -4.65
The resonance poles are located at /s = 4.23GeV, and the width is about 48MeV.

14 Fit Results
O'/pb TCIOE-
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Relativistic numerical analysis

Based on a published work
L. Y. Dai, Meng Shi, Guang-Yi Tang, and H. Q. Zheng. Nature of X(4260).

Phys. Rev., D92(1):014020, 2015.

What they have done.

Re-analyzing the cross section data of e"e™ — vJ/¢Yn7n~ and wy.o (prediction)

Conclusion I',+,.- = 23.30 & 3.55¢V
! - I

(d)
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.- Relativistic numerical analysis

<© New experiment data

ete™ — DYD* 7t at BESIII
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Relativistic numerical analysis

New experiment data

e*e"2>mn'n h_cross section at BESIII
PRL118, 092002 (2017)

250 -+ BESIII: R-scan data sample B€SI[[

= BESIII: XYZ data sample
—Fit curve: Total

- Fit curve: Y(4220)
- Fit curve: Y(4390)
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Relativistic numerical analysis

New experiment data
ete” — J/yntn~ at BESIII

100 e PRL118, 092001 (2017)
5 . f "“data BESIT
2 gf --Fitl 8.2 fb™
© g 19 points
? 40 [~
o T
L 20}
© I
ol ' ' ' '

17



.- Relativistic numerical analysis

<© New experiment data

ete™ — D% Ds* at BESIII
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.- Relativistic numerical analysis

€ Some changes
Before: (Phys. Rev., D92(1):014020, 2015)
propagator of X(4260) Dy (¢*) = M? — ¢* — i/ @T(¢?),
rX (qz) - rj/hﬂw(qz) + I‘IFICT‘”’T —|_ ngcOkWXCO + gD;D: k%:D: + gDD1kDD1 —|_ ngclkwxcl —|_ rO
Cross section

olete = X(4260) = wxeo(d?)) = F it

change: | - |
propagator of X(4260)  Dx(¢*) = M3 — ¢° —iv/¢°T(¢”).

FX (QZ) :FJ/?_;AWW(QQ) + Ghenr (I)h-cﬂ'ﬂ' + gwxcg kwxco + GDs* Ds+ Af)S* s*
+ 9pp, kpp, + 9o = Ppopr + Lo
Cross section

O'(€+€_ — X(4260) N f(q2)) __ 3r_Leely

42 [Dx (¢?)]?
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.- Relativistic numerical analysis

¢ Some challenge

Consider that one particle decays to two identical final-state particles via P-
wave.

_ 1 1
BW= S—M?2+iMgk3 = S—M?2+iMg+/sp°(s)

Set M=4.23,m=2.112,9=3
|IBW |
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.- Relativistic numerical analysis

¢ How to fix it

_ s—4m? [© \/993(3’)
R(s) = =1 [ e 48 s ety
_ 1
BW= S—M?+MgR(s)
|BW|?
12 .
o o R(s) VS iy/sp?(s)
0.3
8
0.2 6
4
0.1
2
3.6 3.8 4.0 4.2 VS 20
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.- Relativistic numerical analysis

o

Result (still working on)

ete™ — DVD*xt
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.- Relativistic numerical analysis

¢ Result (still working on)
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.- Relativistic numerical analysis

¢ Result (still working on)
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.- Summary

€ Nonrelativistic potential model have been used to probe a P-wave
resonance

A possibility that X(4260) may contain P-wave molecule component.

< With more data imported , the nature of X(4260) would be clearer
Hope the work is helpful for future investigations

Continuing
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Thank you!!



