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Charmonium-like states
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X(4140)

O 2009, CDF Colla. PRL 102, 242002
Evidence for X(4140) with sig. 3.8 o in B2 J/y¢K*
mass :4143.0 £ 2.9(stat) = 1.2(syst) MeV
width :1 l.7+§:3(slall) + 3.7(syst) MeV
02017, LHCDb Colla., PRL 118, 022003
3 fb-! pp-bar collision data, X(4140) with sig. >5 & in
B"=2J/ oK, JPC=1", with sig. >4 ©
mass: 4146.5 +4.546 MeV
width: 83 + 2177! MeV

0 2010, Belle Colla., PRL 104, 112004

825 tb! Y(nS) data, no evidence for X(4140),
But evidence X(4350): with sig. 3.2 6 in yy=2> J/yd
mass: 4350.6"3%(stat) = 0.7(syst)

-5.1
width: 13258 (stat) * 4(syst)
12

Silde of R.G. Ping, 2018.3.31
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X(4140)

Search for the Y(4140) via ¢'e” —> ] /y at J/s= 4.23, 4.26 and 4.36 Ge
s IBESHI, PRD91, 032002 (2015)
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BESIII

PHYSICAL REVIEW D 91, 032002 (2015)
Search for the Y (4140) via e"e™ — y¢pJ /y at /s = 423, 4.26 and 4.36 GeV

Using data samples collected at center-of-mass energies /s = 4.23, 4.26, and 4.36 GeV with the BESIII
detector operating at the BEPCII storage ring, we search for the productlon ot the charmoniumlike state
Y(4140) through a radiative transition followed by its decay to ¢J/ ' 0]

upper limits on ole™e™ — yY(4140)| - B(Y(4140) — ¢J /y) at thf . 90% conhdence levg
0.35, 0.28, and 0.33 pb at /s = 4.23, 4.26, and 4.36 GeV, respectively.

onificant sional is observed and

| are estimated as




BESIII

PHYSICAL REVIEW D 91, 032002 (2015)
Search for the Y (4140) via e"e™ — y¢pJ /y at /s = 423, 4.26 and 4.36 GeV

Using data samples collected at center-of-mass energies /s = 4.23, 4.26, and 4.36 GeV with the BESIII
detector operating at the BEPCII storage ring, we search for the productlon ot the Chdl‘l'llO[llUl"[]l]ke state
Y(4140) through a radiative transition tollow_zlts decay to ¢J /} ] sional is observed and
upper limits on ole™e™ — yY(4140)| - B(Y(4140) — ¢J /y) at thf | are estimated as

00% conhdence levg

0.35, 0.28, and 0.33 pb at /s = 4.23, 4.26, and 4.36 GeV, respectively.
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Candidates/(10 MeV)

The LHCb measurement

BT — J/YpK™

4 X states are observed.

X(4140): JPC=1*+
Width=831+21 MeV
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The LHCb measurement

_ LR J/YpK

The strong cusp around the DD threshold cannot be |
reproduce in the analysis of LHCbD. states are observed.
L X(4140): JPC=1*+

l Width=83 21 MeV

60

mined. The below-J /w¢-threshold D DT cusp [9,18] may |=
have an impact on the X (4140) structure, but more data will )0)

“I be required to address this 1ssue, as discussed in more detail ‘gd
o

40

Candidates/(10 MeV)

2b in the compamon artlcle [30] The existence of the X (4274) 9
. 11 1u '-r() — - 10 4 U090 8. 30

Jm— 2+ 7 .60 720 5.606 6.80

4100 4200 4300 4400 4500 4600 4700 4800 2" 9.60 6.40 6.50 6.30

My [MeV]

PRD95,2017,PRL118,2017 |-




The large width of X(4140)

== Experiment Ng Mass (MeV) Width (MeV) o Fraction (%)
CDF [1] 58 4143.0+£29+ 1.2 1 ],7_*;*_-(3] + 3.7 3.8
Belle [19] 325 4143.0 fixed 11.7 fixed 1.9
CDF [26] 115 4143420 £ 0.6 1531104 £ 2.5 5.0 154442
LHCb [21] 346 4143.4 fixed 15.3 fixed 1.4 <7
CMS [23] 2480 4148.0 24 +6.3 28119 +19 5.0 10+3
DO [24] 215 4159.0 +4.3 + 6.6 19.9 + 12,6130 3.1 21+-8+4
BABAR [22] 189 4143.4 fixed 15.3 fixed 1.6 <13
DO [25] 4152.5 + |,7_*§’:§ 163+56+114 4.7-5.7
Average 4147.1 2.4 157+ 6.3 I PRL118,2017

X(4140) IG(JPC)=0T(1m)

Seen by AALTONEN 2009AH, ABAZOV 2014A, CHATRCHYAN 2014M, AALJ 2017C in Bt — XK' | X — J/1¢ , and
by ABAZOV 2015M separately in both prompt (4.7 ) and non-prompt (5.6 &) production in p p — J/1¢+ anything. Not
seen by SHEN 2010 in vy v — J/tp¢ and ABLIKIM 2015 in €" € — vy J/9¢ at /s = 4.23, 4.26, 4.36 GeV.

X(4140) MASS 4146.8 + 2.5 MeV (S = 1.1)
X(4140) WIDTH 19*7 MeV (S = 1.4)

|p
|
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The large width of X(4140)

Experiment Ny Mass (MeV) Width (MeV) o Fraction (%)
CDF [1] 58 41430429+ 1.2 ] ]’,:'_*2'*3 +3.7 3.8
Belle [19] 325 4143.0 fixed 11.7 fixed 1.9
CDF [26] 115 41434127 + 0.6 1531194 4 25 5.0 15+4+42

The deduced width of X(4140), 8321 MeV, larger than the former
experimental measurements, and also the average of the PDG.

DO [25] 41525 + 1.7483 163 + 5.6 + 11.4 47-5.7
Average 4147.1 +2.4 15.7 + 6.3 | PRL118 2017 |
R ——

X(4140) IG(JPC)=0T(1m)

Seen by AALTONEN 2009AH, ABAZOV 2014A, CHATRCHYAN 2014M, AALJ 2017C in Bt — XK' | X — J/1¢ , and
by ABAZOV 2015M separately in both prompt (4.7 ) and non-prompt (5.6 &) production in p p — J/1¢+ anything. Not
seen by SHEN 2010in vy — J/1¢ and ABLIKIM 2015 in €' e — yJ/1¢ at /s = 4.23, 4.26, 4.36 GeV.

X(4140) MASS 4146.8 + 2.5 MeV (S = 1.1)
X(4140) WIDTH 19'% Mev (s =1.4)

Lp

11




Exotic states in BT — J/YPpK™

* LHCb perform full 6D amplitude analysis o O

LHCb-PAPER-2016-019

Z . % w PRD 95 (2017) 012002
TZ o 2 250

3 3

g 80| % 20

Silde of Y.N.Gao, 2018.3.31

. _ g 2 EE7SERMEEE SR
ST 7 4.\mn 0 uumum EYTTY) 0% ,,., 1800 2080 o ﬂéﬁiﬂ-%@ém

)2 24
m, ., [McV] m,, [McV)

* 4 peaks are observed with X(4140) wider than CDF/DO/CMS

State Signif | JP€ M [MeV] ' [MeV]
X(4140) [ 840 [ 1%+ ] 4160475 | 8342170
X(4274) | 580 | 1*+ | 4273+ 8" | 56 + 111],
X(4500) [ 6.1 | 0t [ 4506 + 1117 | 924 2113
X(4700) | 5.60 | 0** | 4704 £ 10135 | 120 4+ 31133

Significant larger at LHCb
rCPF/DO/CMS _ 15.7 + 6.3 MeV

avg

12

2018/3/31 Y. Gao, Hadron Spectroscopy at LHCb 27



Amplitude analysis of BT — K* decays PRD 95,012002
P Y ]/lp(P y PRL 118,02200:

K"’s-only hypothesis fit:
* Mgy and M, canbe described by model
* M, is not described by fit

N 5
L)) -
E 120 :— + ssmjiicins data q UNIVERSITE
£ 100~ LHCb + upversite PoRCEATE
'é 80~ Decays of mesons at LHCb
O 5
60~
40 = Andrii Usachov
B on behalf of the LHCb collaboration
20 -_ — Université Paris-Sud/ Loarl;gr;!g:nzi/'AccélérateurLinéa/‘re
0™3700 2200 4300 4400 4500 4600 4700 4800 . e Quarkonium 2017

‘r D v ‘; ‘ . JA:
p-value below 1077 my, o MeV]

= non-K" resonances needed:
« Z* > J/YK* - does not lead to significant improvements

© X- /Yo
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BESIII

Observation of eTe™ — ¢y and ¢xe2 at /s = 4.600 GeV

M. Ablikim erf al (BESIIl Collaboration)
Phys. Rev. D 97, 032008 — Published 12 February 2018

second systematic.|No significant sienals jare observed for e e~ — ¢dyeo and e e” — yX(4140) and upper
limits on the Born cross sections at 90% C.L. are provided at /s = 4.600 GeV.

6 n
T 50 120F |' e data
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X(4140)

 Many explanantions:
»Molecular state:

X. Liu, S.L. Zhu, PRD80(2009), G.J. Ding,EPJC64(2009),J.R. Zhang,
M.Q.Huang,JPG37(2010),

» Tetraquark:
F.Stancu,JPG37(2010),Z.G.Wang,lIJMPA30(2015)
»Hybrid state:
Mahajan,PLB679(2009),Z.G.Wang,EPJC63(2009)
»Rescattering effect:
X. Liu,PLB680(2009)

15



X(4140) as the DiDmolecule

 Meson exchange model, X. Liu, S.L. Zhu, PRD80(2009)

J/ D¥(D)
Di* (DY) D+ (D7)

DF(D)

Di*(D*)

Y (4143)

Y (4143)
(Y (3930))

(Y (3930))

light

light
(Y(3930)) NesoNs

IMEesons

o(w) ’ D:=(D*)

(a) (b) (c)

DZ (D)

« The X(4140) is predicted to be J°¢=0*+2**

16



X(4140) as the DiDmolecule @

 The meson-exchange potentials generated by the
Lagrangian of heavy hadron chiral perturbation theory

D — J/¥ Lpps, = igl)‘l)‘.l¢Jf/j(D;i(§:,D?” + 1)::?}'_)"’1)*“,,
- D"3,D})
} D Lppy = igm_er,-‘,‘-DZWLD}" + 4"f1)‘1)'v(aﬂvil}
DNy . 3”V,-’,‘-)DL,-D;T”

« The X(4140) with JPc=0** 2+
T. Branz, et. al,PRD80(2009)

17



X(4140) as the DiDmolecule @

* Vector meson exchange, Bethe-Salpeter quations
X.Z.Chen, X.Flv, R.B.Shi, X.R.Guo, 1512.06483

* N exchange, M. Karliner, NPA954(2016)

* QCD sum rules
J.R. Zhang, M.Q.Huang,JPG37(2010),
ZGWang, EPJC63(2009),
ZGWang, YF.Tian,IJMPA30(2015)

*n, , 0 exchange,G.J.Ding,EPJC64(2009)

18



DiDimolecule

PHYSICAL REVIEW D 80, 114013 (2009)

Y (3940), Z(3930), and the X(4160) as dynamically generated resonances
from the vector-vector interaction

R. Molina' and E. Oset!

'Departamento de Fisica Teérica and IFIC, Centro Mixto Universidad de Valencia-CSIC,
Institutos de Investigacion de Paterna, Apartado 22085, 46071 Valencia, Spain
(Received 24 July 2009; revised manuscript received 28 October 2009; published 15 December 2009)

» Vector-vector exchange within local hidden gauge approach

TABLE V. Couplings g; in units of MeV for I = 0, J = 2 (second pole).

D*D*(4017), D; D} (4225), K*K*(1783), SSoaie = 4169 + i66, I°[JPC] = 0*[2" ]
pp(1551), ww(1565), D*D* D;D; K*'K* pp 0w
1225 — 490 18927 — i5524 —82 + i30 70 + 20 3 — 2441

¢ p(2039), J/ P d [ §r(6194), wJ [/ §r(3880),
bJ/ P (4116), wp(1802),

4 2 wl/y I/ we
1257 +i2866 2681 +i940  —866 +i2752  —2617 —i5151 1012 + 1522




DiDimolecule

PHYSICAL REVIEW D 80, 114013 (2009)

Y (3940), Z(3930), and the X(4160) as dynamically generated resonances
from the vector-vector interaction

X(4160) IG(JPCY =27(7")

Seen by PAKHLOV 2008 in e™ e~ — J/9 X, X — D*D

(R
* Vector-  X(4160) mass 415620 Mev
X(4160) WIDTH 13975° MeV
I pole).
D*D"(4017),  DiD;(4225),  K"K*(1783), SSoaie = 4169 + i66, I°[JPC] = 0*[2" ]
pp(1551), ww(1565), D*D* D;D; K*K* pp 0w
1225 — i490 18927 — 5524 —82 + i30 70 + i20 3 — 2441

¢ p(2039), J/ P d [ §r(6194), wJ [/ §r(3880),
bJ/ P (4116), wp(1802),

4 2 wl/y I/ we
1257 +i2866 2681 +i940  —866 +i2752  —2617 —i5151 1012 + 1522




DiDimolecule

PHYSICAL REVIEW D 80, 114013 (2009)

Y (3940), Z(3930), and the X(4160) as dynamically generated resonances
from the vector-vector interaction

] - 1

X(4140).

The D:D:molecule with 2** was associated to the X(4160), not the

* Vector-vector exchange within local hidden gauge approach

TABLE V. Couplings g; in units of MeV for I = 0, J = 2 (second pole).

D*D*(4017), D:D*(4225), K*K*(1783), [Soale = 4169 + i66, I°[JPC] = 01[21 1]
pp(1551), ww(1565), D*D* D;D; K*'K* pp 0w
1225 — i490 18927 — i5524 —82 + {30 70 + 20 3 — 2441
@ (2039), J/pd ]/ r(6194), wJ /[ (3880),
7/ 0(4116) (1802) b J/pT/ wl/ bJ/ wg
Iy ’ we ’ 1257 + i2866 2681 + {940 —866 + 2752 —2617 — i5151 1012 + 1522




DiDimolecule, X(4160)

® Available online at www.sciencedirect.com
ScienceDirect S————

CrossMark PHYSICS A

Nuclear Physics A 966 (2017) 135-157

www.elsevier.com/locate/nuclphysa

Understanding close-lying exotic charmonia states
within QCD sum rules

A. Martinez Torres *, K.P. Khemchandani "“*, J.M. Dias *, E.S. Navarra®,
M. Nielsen*

The comparison made above hints a possible D* D* molecule-like nature with quantum num-
bers |JP¢ =2+ for X (4160)| However, our work also implies the existence of a J©'¢ =01+

22



DiDimolecule, X(4140) or X(4160)

 The quantum numbers of X(4140) established to be 0+(1++)

JPC X(4140)  X(4274)  X(4500)  X(4700)

(s 1036 7.8¢0 Preferred Preferred
o+ 12.50 7.00 8.1c 820
1Tt Preferred Preferred 520 4906 PRD95,2017,PRL118,2017
1=t 1040 6.4c 6.50 8.30
2+ 7.60 120 5.60 6.80
2=t 9.60 6.4c 6.5¢ 6.30

X(4140) IG(JFC) =0t (171)

Seen by AALTONEN 2009AH, ABAZOV 2014A, CHATRCHYAN 2014M, AALJ 2017C in Bt — XK* , X — J/1¢ , and
by ABAZOV 2015M separately in both prompt (4.7 &) and non-prompt (5.6 ) production in p p — J/1@+ anything. Not
seen by SHEN 2010 in v ¥ — J/1¢ and ABLIKIM 2015 in e" e~ — vJ/1b¢ at /5 = 4.23, 4.26, 4.36 GeV.

X(4140) MASS 4146.8 + 2.5 MeV (S = 1.1)
X(4140) WiDTH 19'5 MeV (S = 1.4) I PDG2017 I

23



DiDimolecule, X(4140) or X(4160)

 The quantum numbers of X(4140) established to be 0+(1++)

JPe X (4140) X(4274) X(4500) X (4700)

o+t 1030 7.80 Preferred Preferred

(s 12.56 7.00 8.1c

1++ Preferred Preferred 520 4 90 I PRD95,2017,PRL118,2017
L Ld -

The association of the D:D:imolecule with 0%/ 2** to X(4140) can
no longer be supported, and the association of the
D:D:molecule to X(4160) has much weight.

e —
Seen by AALTONEN 2009AH, ABAZOV 2014A, CHATRCHYAN 2014M, AAIJ 2017C in BY — XK' , X — J/v¥¢ , and

by ABAZOV 2015M separately in both prompt (4.7 &) and non-prompt (5.6 ) production in p p — J/1@+ anything. Not
seen by SHEN 2010 in v ¥ — J/1¢ and ABLIKIM 2015 in e" e~ — vJ/1b¢ at /5 = 4.23, 4.26, 4.36 GeV.

X(4140) MASS

4146.8 + 2.5 MeV (S = 1.1)
X(4140) WiDTH

1912 Mev (s =1.4) I PDG2017

24



How Is the molecule like?

* |t decays into a heavy quarkonium plus a light meson with
nozero isospin, for instance, Zc, Zb.

* For the molecular states that couple to several hadron-
hadron channels, one can find a strong and unexpected
cusp in one of the weakly coupled channels at the
threshold of the channels corresponding to the main
component of the molecular state.

« Dai,Dias,Oset,EPJC78(2018)

« Ewang,JJXie,LSGeng,0Oset,PRD97(2019);1806.05113

« Dai,GYWang,Xchen,Ewang,DMLI,Oset,1808.10371

25
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Thereaction of B — J/y¢K™

B The internal conversion is suppressed by
color factors with respect to the external

7 . emission.

B The mechanism with the J/g¢¢ intermediate
state instead of D;D; would involve the extra
factor g;u,¢ /gD* _, and can be safely
neglected. %

> I
W~ . D:_ TABLE V. Couplings g; in units of MeV for / = 0, J = 2 (second pole).
> Spole = 4169 + i66, I°[J] = 0"[21"]
b ( b D*D* DD K*K* pp 0w
> > Dt > 1225 — 490 18927 — i5524 —82 + i30 70 + i20 3 — 2441
g i 5 :(3_—,:: w |° @ ¢ e wl/y $J/ Y we
B B < 1257 + i2866 2681 + i940 —866 + 2752 —2617 — i5151 1012 + i1522

External emission I

I Internal conversion I

27



Thereaction of B — J/y¢K™

K~

X (4160)

The X(4160) is JPC=2** state with L=0in D;D.
We need a D-wave in the K- to match the angular
momentum in the reaction.

. —b. —Fr. . —'.-.—},\‘
IB—»KD‘:DT_A(E ke' - k 3k€ e |,

where €, € are the polarization vectors of D* and Dy,

—

. k is the K~ momentum in the D! D? rest frame,
A 1s an unknown factor that will be fitted to the data.

28




The reaction of

K~

X (4160)

g/ flree — A ( k{—_::f k . gkz_} —*I)

B™ > J/ygK™

The X(4160) is JPC=2** state with L=0in D:D;.
We need a D-wave in the K- to match the angular
momentum in the reaction.

1

B —K~-D!D:?

The sum over polarizations of [¢[” is

2 -
thglz:f( D;D;|2 —3 |k|4=
pol

D*) k[*K | P o
dM;,,(DiD}) (2= )34M%_3| *|&'|pp:|A

F the K~ momentum in the B~ rest frame

=~ pp: the D} momentum in the D}Dj rest frame. *




Thereaction of B — J/y¢K™

- dr 1 1 2=~
K kY 3AM2 R |k|4|kf|PD;? AP,
dMinv(Dst) (2}7) 4Mg- 3
B-
N | For the mass distribution of J/p¢ |

A= AXGpp:(Miny(J/ywh))
X IB;E:—:-J/wrﬁ(Minv (J/W¢))=

X (4160)

I For the mass distribution of DsDg I

A = A[l + Gpp: (M (D DY)
X fmﬁ;-»n;ﬁ;(Minv(Df:D:))]-

30




The contribution of X(4160)

 Gis the loop function, with the cut off method,

M, 1

D*D*(4017),  DD*(4225),  K*K*(1783),

G — / d3q
(27)* 2wi(q) Ei(q) k° + p° — ¢° — Ei(q) + ie

pp(1551), ww(1565),

* The transition amplitudes are,

2
Ip:b;
Mlznv(D?DD _ M?( T iMXFX ,

LD;E);—}D*D‘: —

k) !

9p:b: 91 )y

bPp(2039),  J/pJ/p(6194),  wJ/(3880),
dJ/W(4116),  wd(1802),

TABLE V. Couplings g; in units of MeV for I = 0, J = 2 (second pole).

fepaie = 4169 + i66, I°1J*C] = 0*[2" "]
po

D*D* DD} K*K* pp BY0)

1225 — i490 18927 — i5524 —82 + 30 70 + i20 3 — i2441
4 TP/ wl/y I/ we
1257 + i2866 2681 +i940  —866 +i2752  —2617 — i5151 1012 + i1522

I *'4_} y — - .
‘DJDH T M2 () — My + iMyTy

31



The contribution of X(4160)

./

* Gis the qup function, with the cut off method,

D*D*(4017),  DD*(4225),  K*K*(1783),

3
G‘;:/(dq M; I

or)” 2wi(q) Ei(q) k° + p° — ¢° — Ei(q) + ie pp(1551),  ww(1565),

* The transition amplitudes are,

i
D: D!
(DiD}) — M5 + iMxTx’

LD;E):—}D;D; —

| Mizl’l\-’
[ _ 9p:Dt 97 /y¢
[V5iv8 ~ M3 (T /wd) = My + iMxTx

mv

bPp(2039),  J/pJ/p(6194),  wJ/(3880),
dJ/W(4116),  wd(1802),

FX :F{}‘l‘rjf‘Wtﬁ"‘rD:f):,l

with Iy accounting for the channels of Ref. [23] not
explicitly considered here (we shall fit that to the data as
discussed above), and

A S s 1—1 . Igjflﬂ(ﬁlz i~
Flatté effect Twe — 8 M> Pg:

12
o |QD;D;

D:Dr =

o 8xM%

Pp;®(Miy (D3D5) — 2M ;).




The contribution of X(4140)

* Since X(4140) is 1**, the kaon should be in P-wave, and the

operator for P-wave Is,

— — - 1§ . —*. = . - —}.—}1
‘(EJ/erﬂb)‘k" “ IB—Z'-KD’:DT_A(E ke' - k 3k€ E')
dl’ | I 2=, - .
= — - k 4 k * A 2.
dM,,,(D:D?) ~ (27)° 4M%- 3 kI po; 1A
* _* 2 —_ — . .
IThe substitution: I Minv(Dst) - Minv(-]/lf"?f')a‘ §|k|4 — 2[k]?, Pp; = P>

A—

BM?((.:LM{})

Miznv(‘]/wqb) _ M%{(a,m{}) + EMX(414U)FX(414{})

with B a parameter to be fitted to the data.
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Results

* We fit the data from threshold up to about 4250 MeV.
« 13 data, chi*2/dof=15.3/(13-3)

I'h, =65.04+7.1 MeV (at 68% confidence leveli
T)/p = 22.0 MeV

I'x(4160) = 87.0 £ 7.1 MeV

X(4160) IG(JFC) =27(7")

Seen by PAKHLOV 2008 in €" e~ — J/Y X, X — D*D

X(4160) MASS 415612 Mev
X(4160) WIDTH 139310 Mev
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dI7dM. . (J/wo) (arb. units)

Results

11111111111111111111111111111

68CL
120 } X(4160)
------- X(4140)
100 } Full
— e Fyl*
80 | —— | HCDb
60 |
40 |
20 |
ob & . e TTTPIPITPRP N

4100 4120 4140 4160 4180 4200 4220 4240
M (J/wd) MeV

 The Flatte effect is visable, as a sharp fall

down of the invariant mass distribution
above the D;D; threshold.

The lower part of the spectrum can be
obtain from the contribution of X(4160)
(2++) and X(4140)(1++, 19 MeV)
resonances.

The cusp of the distribution at the DD}
threshold, cannot be accommodated by a
Breit-Wigner amplitude, and it indicates
that the resonance in that region is tied to
the DD channel.
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Results

dI/dM,,(D< Dy) (arb. units)

8 * There is a peak close to the
160 | ~_~ Sieo) |{ | threshold, which should not be
o X@4140) |1 | misidentified with a new state,
120 | but it is the reflection of the
100 | X(4160).

80 | * The strength of the peak is the
60 twice of the one of the X(4140).
40

20 K- K-

D T T R W YRy R Y

4200 4220 4240 4260 4280 4300 4320 4340
M;(D; D, MeV

B~ - K~ D*D?
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() = 400

Meo D*(2007)° Dy (2536) " (55 &+ 16 )x1074
B(D.1(2536) —
- D*(2007)°K ™)
M6 D*(2010)~ D*(2010)* K* ( 132 + 0.18 ) x 103
10 D 370 < 8 x 104 CL=90%

r2]_1 D:-I-_?D < 9 v 10_4 CL—00%
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BESIII: efe—yJ/yo

arxiv:1806.05113



X(4140)

Search for the Y(4140) via ¢'e” —> ] /y at J/s= 4.23, 4.26 and 4.36 Ge
s IBESHI, PRD91, 032002 (2015)

- a5
v oo W=423GeV s o | 5= 426 GeV Silde of R.G. Ping, 2018.3.31
» 25| v 2.5 ~
‘g” 2| o <0.35pb, é af o <0.28ph, F—E gii—'ﬁ%“*%fifilﬁ—'ﬁ IS4
s 5 CL =90% s 5 CL =90% H%éﬁ}l:'ﬁl-ﬁ @:yﬂ
§ 1t 5§
i 055 | \ “oosE
%1 415 42 425 43 435 44 G148 iz ass 43 a3 a4
M Jiy) (GeVic?) M(a J/y) (GeVic?)
35 : 35
, oo Ns=436CeV s Sup of (a)(b)(c)
E 25F o < 033pb, %‘ 25F
- Qa £
g I CL =90% g8 2
= 1.5¢ = 1.5}
% 3 § ‘_ 5
“oos) “oost 1Y
R X TR T E TRy Ty O ais 42 a5 43 455 44
M(d Jiys) {GE'V."CE} M J/y) (GeV/cd)

o(e'e” —> yY(4140))
o(e'e” > yX(3872))

~0.1 at s =4.23,4.26 GeV
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BESIII

Observation of ee™ — ¢xa and @dxc2 at /s = 4.600 GeV

M. Ablikim erf al (BESIIl Collaboration)
Phys. Rev. D 97, 032008 — Published 12 February 2018

second systematic. [No significant signals jare observed for e e~ — ¢y and e e™ — yX (4140) and upper
limits on the Born cross sections at 90% C.L. are provided at /s = 4.600 GeV.

6

— 68CL
B — 120} = = = X(4160)
T 50 S S LA X(4140)
L OF S 100} Full
S F g — = Full*
g 4 :— p K 80 | ) —— LHCb
o r g
:'.E' 3 E— [ [ . --E--.é 60
é 2 :_ %_ 40 i
T 1 5 20}
1 __ -I..-I © L]
- — D 1 L AL L L T T PP
0 T S RN N R 4100 4120 4140 4160 4180 4200 4220 4240
4.1 42 425 43 435 44 M, (Jy0) MeV

Mo Jly) (GeVic?)
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The mechanism for J/@¢ production

’:’J y ( .) _ _ L
) (a) .

;, 1 1. .
Pl = [3 (€1i€25 + €15€2;) — = €1 'Ezoij]

3
1 |
X B) (‘fdrafwj + fc.f»jfﬂ-wf) — gt €7/90ij
L B Ip*D*Y9J/vé
Pebadree = N2 (J)¢) — M3, +il'x, Mx,’

gp:p= = (18927 — 5524i) MeV
91/pe = (—2617—5151i) MeV
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The mechanism for J/@¢ production

o BM% = P
S Twe ™ M2 (J/vé) — M%, +iMx,Tx,

1nv

— MJ/@"J@‘J X p(b)’
‘P(b) — Z [(t?l X E_b) : EXZ] [ng ) (gﬁf} X gjfﬂ})}

pol

— (€1 X €9) - (gfga X gJ/t;'ﬁ) v

In the present work, the only relevant thing is that the
two structures P(* and P®) do not interfere, and there
are no momenta involved, unlike in the deca} B~ —

J/ oK [4).

42



The mechanism for J/@¢ production

dI’ L1, (a) |2 (b) |2
dﬂfinv(uf/’fff’{i’) — (271-)3 Ag k Po [lMJj'a,iugbl + ‘Mj/z;;(;J ]

_ A]”/Z (S, 0 ﬂf]?lv(af/’lr,‘(zj))

kf

2V/s
_— AYV2(M2 (T/)o), m%/w, mﬁj)
o= 2 Moo (] 00)
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The mechanism for D,'D," productio

dl 1 1, o
dM; (D*D*) — (2m)3 15" Po: Mp:p: I,

MD;E; — A [Ttrcc _|_Tﬁ:(415n)}

— A [1 + Gp-p. (Miny(D:D?))
Xtp-p+ DD (ﬂ’finv(‘D:‘D:))}

2
L Ip:D:
Pebebibs ™ M2 (D:Dz) — M%, +ilx, Mx,

nv
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Results

dI/dM,,, (Jhyd) (arb. units)

7E o [ 68CL |
=== X(4160) |]
6F 4 | wuesers A(4140) |3
i Full :
o5 —— BESIIl |
4t :
3} :
2 - :
1E I =t A ]
: “1.. '
0 - L LETY PTTY PR

M;,(J/wé) MeV

4100 4120 4140 4160 4180 4200 42

20 4240

dr/dM, . (Jhyd) (arb. units)

? [ T T T T T T LI | L L | ]

C f— FU“ 9 1
gL o e 1.2#‘3&2 ]

[ - == 1 5A f
c —— BESIII |]
4t :
3t p

; _ -7 ]
2t oz dolde =t | |
“I :_ L f f f &*-:‘ ]
ot 1
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M (Jhpb) MeV
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-

dr/dM, (DD (arb. units)

0 X

6BCL
- == X(4160)
------- tree
Full

M., (D, D,) MeV/

4200 4220 4240 4260 4280 4300 4320 4340
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LHCDb: B*—-J/@wwK*
arxiv:1808.10373



LHCDb thesis 2014-243

| 20(2P) |

wgmnoo_— Nonresonant bkg XCQ(ZP): X(3915)
% - X (3872) Is X(3915) the %.,(2P)?
| X(3872) | 2 w00l | | 1,2P) HXChen, Phys.Rept. 639 (2016)
\N 1 T Toul Phys.Rev. D69 (2004) 094019
N 6000 T
iy ‘ |
4000 /
A\
2000 1 l + ++
0.&‘|
3900 3950 4000 2050 2100 4150

Jiw @ mass (MeV/c?)

Figure 4.1: Fitted J/v w efficiency-corrected invariant mass distribution.
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O X('%915 ) n B%K(DJ/ 14 observed by Belle and Babar

so | @) Belle |  Belle: S-wave Breit- Wigner
~ 4 *Belle, PRL94 (2005) 18200}

o } M = 3943 + 17 MeV

3 j# \ %"'i_ [ = 87424 MeV

gB 4080 | | 42|80 — Babar:

M((wJd/Ap) (MeV)

M = 391944 MeV
I'=31=+11 MeV

Events/10 MeV/c?
o ]

Weighted average:

M = 3920 £ 4 MeV
[I'=41 10 MeV.

Events/10 MeV/c?

ab‘u PRL101 (2008) 082001

4 4.2 1.4 1.6 4.8
M(el/p) (Gev/c?)

16
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D*D* molecule states,X(3940),X(3930)

PHYSICAL REVIEW D 80, 114013 (2009)

Y (3940), Z(3930), and the X(4160) as dynamically generated resonances
from the vector-vector interaction

R. Molina' and E. Oset'
TABLE II.  Couplings g; in units of MeV for I = 0, J = 0.

[ote = 3943 + i7.4, I1°[JPC] = 07 [0 ]

D*D* DD K*K* pp ww
18810 — i682 8426 + i1933 10 —il1 —22 + 47 1348 + i234
¢ I/ /o wl/ Y bJ/ wd
—1000 — 150 417 + i64 —1429 — 216 889 + i196 =215 —i107
EIV. Couplings g; in units of MeV for I = (0, J = 2.
[Soote = 3922 + 026, 1G[JPC] = 0F[2%7]
D*D* D:D? K*K* pp ww
21100 — 71802 1633 + i6797 42 +il4 —75 + i37 1558 + 1821
b J/ W1/ wl /i &I/ Y wd

—904 — {1783 1783 + il197 —2558 — 2289 018 + 2921 91 — {7840




The reaction

|H) = |(D*D* + D**D*~ + D;*D;” +3CD*D)K")
=|[1+3C)D*D*+D**D* + D:*D: | K ).

ol



Tree level

H)= !(D*ij*n +D*"D* + DD +3C D*DE’*D)K_>

=|[1+3C)D*D* + D**D* + DD | K™).

D0 =0 — [fq.liiyv|2 € €
e L——Iklgﬁ )| (1+30),

tree
tj} —K -

+ B(€-

t:ree Do+ pe— — A |‘If“+'3f‘"’|2 € e’

B-—K-
+ B(E ke k- %'EEE‘EF}
tgi:_f{—ﬂﬁﬂg‘ - AI;«F? e
Yipe. e | o
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Final state interaction

1 () (¥)
V29Rr, DD+ IR, Jjvpw

t'l f— GD#OD#D [:ﬂifinv} tID_[}D.[}_}Jwa(]. + 3 C) ;
DD Jpbw = N2 MR 4 iMpTg,’

1 1 I
+ GD"“‘D"_(;I’;&I]V} tD""‘_D"_—}Jf?..L"-'uJ mv J {}
1 (i i
' ; 9r,D*D* IR, I/
—I_ G - - — .'.I‘Ir:{' tI - - fheg ® tl - - — fariy — ‘ﬁ : N : - ]
D3+DS ( mV} DS+DS _}J:'ll?-}""“ ' DD, I fw ﬂfi?w - J‘lj}%i + L‘“IJR.;I‘R@ .

(i) (#)
4 g, D2+ D2~ IR, Ty
DITDLT, I fyw J'HL-:fi?W — :Lf?:c +iMp g, !
G M) £ L TR,
+ TD"+D“—(*' lm’) tD*+D*——>J,h;'.w

ty = GD*UD*U (ﬂ'finv) tg-[}ﬂ-[}_}ﬂﬁ,w(l +3 C)

g/

’ 1 7

+ G pz+ py- (Minv) g S
(i) | ) (i) > w
Pri =To " +T)pw + T pi e (a)

dl’ 1 1 . , Ig" |2 Igf B |2

— = K D (i) _ BRIl - (i) R, D*D*' .

b N3 A2 — _— . .9 .

dﬂ,fi“;ﬁ” (2;.)3 4_-115 Ffftﬁrm SJTMEI_ Pws FD*D* - SJ'EM;“}E PD Q(va hMD )s

— 2 —
(3| AP kav [t * + S| B[ k| |t2]* . |
( ’ ) L) =Tk = TY)y(Mp"” = Mg,).
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Results

10 ! T ! T ! T ! T ! T ! T ! T ! T ! T ! 20 T T T T T T T T T T T T T T T T T T T
— =1, B =150C=07 Y -
e A= 1B = 15,0 =10 i R b
—  8F A=1B=15C=15 - — A1 B—20C—1s
= — A=108= —15
3 L _ = | 13
—, &
6= - — - .
E] | e
= 2wl -
— =
— 7 ~
e - =
= =3 P
"3 - — 5k i * -
g
I 1 I 1 1 I 1 M | 1 1 |"."”‘ e 1 T FURT ] e,
3000 3020 3040 3080 3080 4000 4020 4040 4060 4080 4100 1 Pl Lbtoraas asls

P R PR B B | N
3000 3020 3040 3060 3080 4000 4020 4040 A0SO 4080 4100

G0 T T T T T T T T T T T T T T T T T T T
L —_—A=1B=50C=07 |
ol o =1 B=50C=10 |
" A=10B=5C=15
i i -
& 10 |- -
EE ] S .
= o ",
ER 8
-y 0y ., e
L= [=a Tag . 5 n
II:I U.‘ =

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -
3000 3920 3040 3060 3080 4000 4020 4040 4060 4050 41040

Mine(J /1pw) [MeV]

o4



Results

_ 1)

dMiyy (J fhw)

dl’

' la.u]
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) —— LHChH Data
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Summary

* The X(4140) deduced from the B — J/4¢K*"by LHCb has a
large width 83+21 MeV vs. 19MeV of PDG.

 Many explanations of X(4140): molecular state, hybrid state,
tetraquark state.

* X(4140) as the DiDimolecule, with JPC=0**, 2**, in contrast
with the recent experimental measurement, PDG(1*").

* X(4160) as the D;D;molecule, with JPC=2**, large couplings
to D;D;, J/¢® channels.
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Summary

« Taking into account the contribution of X(4160) and X(4140),
the lower part of the spectrum can be well reproduced.

* The cusp of the distribution at the DD} threshold, cannot
be accommodated by a Breit-Wigner amplitude, and it
Indicates that the resonance in that region is tied to the
DD} channel.

« We predict the DD distribution for B~ — k-Dp*D* reaction.
There Is a peak close to the threshold, and it is the
reflection of the X(4160).
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Summary

« We analysed the process of ete™ — vJ/1¥o, by
considering the contributions of the molecular state

X(4160), and the X(4140) state.

 OQur results show that some structures can be associated
to the X(4160) and X(4140) states.

* The reflection effect of X(4160) is clear in the Ds*Ds*
distribution, which should not be misidentified as a new
resonance.

* We strongly call for a measurment with high precise.
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Summary

* We have presented a theoretical interpretation on the
B*—J/wpwK™* reaction in the range of J/ww invariant mass
3930-4050 MeV, and found that two resonances X(3940) and
X(3930), strongly coupled to D*D* in JPC=0++ and 2++, give
rise to a strong cusp at D*D* threshold, which is supported
by LHCb measurement.

* Our work should serve as a motivation to improve the
statistic.
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Thanks for your
attention!



