A feature of the molecular states
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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:11.77%3(stat) + 3.7(syst) MeV
O 2017, LHCD Colla., PRL 118, 022003
3 fb-! pp-bar collision data, X(4140) with sig. >5 ¢ 1n
B2 J/p¢K*, JPC=1", with sig. >4 ©
mass: 4146.5 +4.5732 MeV
width: 83 + 2177 MeV

O 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°29(stat) = 0.7(syst)

width: 1324%(stat) = 4(syst)
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X(4140)

Search for the Y(4140) via ¢’e” — ypJ /y at Js= 4.23, 4.26 and 4.36 Ge
s IBESI]I, PRD91, 032002 (2015)

- 3s
v oo 5=423GeV oo Js= 4.26 GeV Silde of R.G. Ping, 2018.3.31
z» 25| s 25 ~
%’ 2| o <0.35pb, é f o <0.28pb, %ZE ?ii—%%u*%igiit&'—ﬁ SML 54
i 15F CL =90% j 18¢ CL =90% ﬁnﬁlﬂ'zz@:m
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i 055 | | “oosE
O A e i a3 aas aa G418 iz azs 43 a3 a4
M(d ) (GeVic? M(a J/y) (GeVic?)
as - 35
v 1o Ns=436CeV s Sup of (a)(b)(c)
E 25k O_<033pb, % 25
- Q r
g 2 CL =90% g 3
= 1.5¢ = 1.5}
% U3 g U3 ;
“ oos) “oosk
e i s s s A O ais 42 a5 43 455 44
M(d Jiyr) {GEWCE} M J/y) (GeV/c?)

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

~0.1 at /s =4.23,4.26 GeV |
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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 of the chdrmomumllke state
Y(4140) through a radiative transition followed by its decay to ¢.J /. ant sional is observed and
upper limits on ole"e™ — yY(4140)] - B(Y(4140) — ¢J /y) at thE 1 are estimated as
0.35, 0.28, and 0.33 pb at /s = 4.23, 4.26, and 4.36 GeV, respectwely




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 of the chdrmomuml]ke state
Y(4140) through a radiative transition followed by its decay to ¢.J /. jonal is observed and
upper limits on ole " e™ — yY(4140)| - B(Y(4140) — ¢J/y) at thf | are estimated as

90% conhdence levg

0.35, 0.28, and 0.33 pb at /s = 4.23, 4.26, and 4.36 GeV, respectwely

PHYSICAL REVIEW D 93, 054032 (2016) ot (a) i Vst
N 25F : —_— .
Searching for charmoniumlike states with hidden ss Z o ;415;\_]
—g_ I:: = MDSQ+MDs
Xiao-Hai Liu"" and Makoto Oka"*’ E“i 15t ] —_— MDSI+M[:
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Candidates/(10 MeV)

The LHCb measurement

100~ BJr — J/¢¢K+
i 4 X states are observed.
80
i X(4140): JPC=1++
60~ Width=83+21 MeV
40
! JPe X(4140) X(4274) X (4500) X (4700)
: o+t 10.30 7.8¢ Preferred Preferred
20 0+ 12.5¢ 7.00 8.1c 8.20
- 1+ Preferred Preferred 520 490
i e AR AR~ 4 1=+ 1040 6.40 6.50 8.30
0 e R e s o 2+t 7.60 720 5.60 6.8¢
4100 4200 4300 4400 4500 4600 4700 4800 | 2 9.60 6.40 6.5¢ 6.30

) [MeV]

my Y

PRD95,2017,PRL118,2017 |¢




The LHCb measurement

; ; 2L T /oK
The strong cusp around the DD threshold cannot be
repmducem the analysis of LHC. states are observed.

Candidates/(10 MeV,

-\ R Al e
- \ I .
60~ '- | Width=83+21 MeV
b mined. The below-J /yw¢p-threshold D DT cusp [9,18] may |=
- ¥ have an impact on the X (4140) structure, but more data will {9
- "I be required to address this issue, as discussed in more detail ”;d
201 in the compamon article [30]. The ex1stence of the X (4274) |o.
~ o .f..-.._._.* = o el 4 T U.30 1 0.00 — B30
A .w?:v:v.“""f."ﬂ*‘!.{ﬁi??f;a o 2+ 7.60 7.20 5.60 6.8
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 Ny Mass (MeV) Width (MeV) o Fraction (%)
CDF [1] 58 4143.0+29+1.2 11783 437 3.8
Belle [19] 325 4143.0 fixed 11.7 fixed 1.9
CDF [26] 115 4143420 + 0.6 1531104 £ 2.5 5.0 I15+4+2
LHCb [21] 346 4143.4 fixed 15.3 fixed 1.4 <7
CMS [23] 2480 4148.0 +24 +6.3 2819 +19 5.0 10+3
DO [24] 215 4159.0 + 4.3 + 6.6 19.9 + 12,6139 3.1 21+8+4
BABAR [22] 189 4143.4 fixed 15.3 fixed 1.6 <13
DO [25] 4152.5 + 17192 163+56+11.4 4.7-5.7
Average 4147.1 £24 15.7+6.3 I PRL118,2017

X(4140) IG(JFC)y=0"(11")

Seen by AALTONEN 2009AH, ABAZOV 2014A, CHATRCHYAN 2014M, AAIJ 2017C in BY — XKt , X — J/3é , 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 y ¥ — J/1¢ and ABLIKIM 2015 in e" &= — v.J/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*2 MeV (S = 1.4)

! PDG2017
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The large width of X(4140)

Experiment Ny Mass (MeV) Width (MeV) o Fraction (%)
CDF [1] 58 4143.0+£29+ 1.2 ] ]7_*23 + 3.7 3.8
Belle |19] 325 4143.0 fixed 11.7 fixed 1.9
CDF [26] 115 41434127 + 0.6 153197 +2.5 5.0 I15+4+2

The deduced width of X(4140), 83+21 MeV, larger than the former
experlmental measurements, and also the average of the PDG

DO [25] 41525ﬂ:|7'.§’f |6%i56i||4 47 5?
Average 4147.1 + 2.4 15.7 + 6.3 | PRL118,2017 |
-]

X(4140) IG(JFC)y=0"(11")

Seen by AALTONEN 2009AH, ABAZOV 2014A, CHATRCHYAN 2014M, AAIJ 2017C in BY — XK' , X — J/‘lﬁtf) , 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/1¢ and ABLIKIM 2015 in €' e~ — vJ/1¢ at /5 = 4.23, 4.26, 4.36 GeV.

X(4140) MASS 4146.8 + 2.5 MeV (S = 1.1)
X(4140) WiDTH 1975 MeV (S = 1.4)

! PDG2017
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Exotic states in B™ — J/YpK™

* LHCb perform full 6D amplitude analysis

CamBidate=1 10 MeV )

LHCh-PAPER-2016-018
PRL 118 (2017)022003
LHCh-PAPER-2016-019

Candidane=i 30 MeV p
= o)

- - = s
| MK (kL L LY

S— PRD 95 (2017) 012002

. Silde of Y.N.Gao, 2018.3.31
b F—EETFSERYEELSLE
e AT 202

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

State | Signif | JPC | M [MeV] I' [MeV]

X(4140) | 840 | 17+ | 4160 £4% | 834 2177,
X(4274) | 5.80 | 17+ | 4273+ 8"} | 56+ 1117,
X(4500) | 6.10 | 0+ | 4506 + 1117 | 924 21150
X(4700) | 5.60 | 0F* | 4704 + 10%)5 | 120 + 31153

2018/3/31

i

¥. Gao, Hadron Spectroscopy at LHCh

Significant larger at LHCb

CDF/DO/CMS
e = 15.7 + 6.3 MeV
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Amplitude analysis of B* = J/p¢pK™ decays

K"s-only hypothesis fit:
* Mgy and M, canbe described by model
M; 4 1s not described by fit

LHCb ++| . +++dﬂtﬂ
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20
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p-value below 107 M wo [MeV]

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

* X/

PRD 95,012002
PRL 118,02200:

UNIVERSITE
S @ £/
SUD LABORATOI E

\\\\\\\\\\\\

Decays of mesons at LHCb

Andrii Usachov
on behalf of the LHCb collaboration

Université Paris-Sud / Laboratoire de I'Accélérateur Linéaire
Orsay, France

4 Quarkonium 2017

"]
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BESIII

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

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

second systematic.|No significant signalsjare 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 - n
c:g 53— _ ]20:_ m + —=— 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(20009)

15



X(4140) as the D:D; molecule

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

J/1 DF(D) D¥(D)
D (D) DT(D*) D;*(D*)

Y (4143)

light Y (4143)
(Y (3930))

light
(Y'(3930)) Mesons (Y (3930))

Mesons

d(w) ’ D:=(D*) Do (D)

(a) (b) (c)

 The X(4140) is predicted to be JP¢=0** 2**

16



X(4140) as the D:D; molecule

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

— *t & - *1
—J -En*n*.f,g, - ign*:)*.rﬁ-fﬁ(D#t'dqup + D, “'FDL

- IJ?T;’@DZJL

}; a *T 2 .
Lppy = ign*ﬂ"vvft;Dp:‘rdpD}u + 4if prpey(9# V,-’j

—V — 9*VL)DY D}

i j

e The X(4140) with JPC=0+ 2++
T. Branz, et. al,PRD80(2009)
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X(4140) as the D:D; molecule

e Vector meson exchange, Bethe-Salpeter quations
X.Z.Chen, X.F.lv, R.B.Shi, X.R.Guo, 1512.06483

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

e QCD sum rules

J.R. Zhang, M.Q.Huang,JPG37(2010),
ZGWang, EPJC63(2009),
ZGWang, YF.Tian,|IJMPA30(2015)

*n, ¢, o exchange,G.J.Ding,EPJC64(2009)
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D:D; molecule

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)

e Vector-vector exchange within local hidden gauge approach

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

D*D*(4017), DD} (4225), K*K*(1783), Sl = 4169 + i66, I9[JPC] = 072+ "]
pp(1551), ww(1565), D*D* D;D; K*K* pp ww
1225 — i490 18927 — i5524 —82 + 30 70 + i20 3 — 2441

bp(2039),  J/pI/p(6194),  wJ/P(3880),
dJ/P(4116),  wd(1802),

P I/ wl/ g BJ/ Y we
1257 +i2866 2681 +i940  —866 +i2752  —2617 —i5151 1012 + i1522




D:D; molecule

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) IS (JFC)=727(7")

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

(Re
e Vector-  X(4160) mAss 4156720 MeV
X(4160) WIDTH 1397520 Mev
. pole).
D*D*(4017),  D:D:(4225),  K*K*(1783), Foaie = 4169 + i66, I5J°C] = 0*[2++]
pp(1551), ww(1565), D*D* DiD; K'K* pp ww
1225 — i490 18927 — i5524 —82 + i30 70 + i20 3 —i2441]

bp(2039),  J/pI/p(6194),  wJ/P(3880),
dJ/P(4116),  wd(1802),

P I/ wl/ g BJ/ Y we
1257 +i2866 2681 +i940  —866 +i2752  —2617 —i5151 1012 + i1522




D:D; molecule

PHYSICAL REVIEW D 80, 114013 (2009)

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

The D:D: molecule with 2* was assoiated to the X(4160), not the
X(4140).

e Vector-vector exchange within local hidden gauge approach

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

D*D*(4017), DD} (4225), K*K*(1783), Sl = 4169 + i66, I9[JPC] = 072+ "]
pp(1551), ww(1565), D*D* D;D; K*K* pp ww
1225 — i490 18927 — i5524 —82 + 30 70 + i20 3 — 2441

bp(2039),  J/pI/p(6194),  wJ/P(3880),
dJ/P(4116),  wd(1802),

P I/ wl/ g BJ/ Y we
1257 +i2866 2681 +i940  —866 +i2752  —2617 —i5151 1012 + i1522




D:D; molecule, X(4160)

Available online at www.sciencedirect.com

ScienceDirect nucLear IV

CrossMark PHYSICS

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 ‘J PC — 2+t for X (4160)' However, our work also implies the existence of a J'¢ =01+

22




D:D; molecule, X(4140) or X(4160)

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

JPC X(4140) X(4274)  X(4500)  X(4700)
ot+ 10.3¢ 7.80 Preferred Preferred
0o+ 12.5¢ 7.0c 8.1c 8.20
It Preferred Preferred 52c 490 PRD95,2017,PRL118,2017
-+ 1040 6.4c 6.5¢ 8.30
2+ 7.66 726 5.60 6.8¢
2=t 9.60 6.4c 6.5¢ 6.30

X(4140) IG(JFC)=0"(111)

Seen by AALTONEN 2009AH, ABAZOV 2014A, CHATRCHYAN 2014M, AALJ 2017C in BY — XK | X — J/v¢ , and
by ABAZOV 2015M separately in both prompt (4.7 o) and non-prompt (5.6 ) production in p p — J/1¢+ anything. Not
seen by SHEN 2010 in vy v — J/1¢ and ABLIKIM 2015 in e e — yJ/¢ at /5 = 4.23, 4.26, 4.36 GeV.

X(4140) MASS 4146.8 + 2.5 MeV (S = 1.1)
X(4140) WiDTH 19'3 MeV (S = 1.4) I PDG2017 I

23



D:D: molecule, 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)
o+t 10.3¢ 7.80 Preferred Preferred
0+ 12.5¢6 7.00 8.1c 8.20
I Preferred Preferred 520 490 I PRD95,2017,PRL118,2017

The association of the D:D: molecule 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.

Seen by AALTONEN 2009AH, ABAZOV 2014A, CHATRCHYAN 2014M, AAIJ 2017C in BY — XK' , X — J/1¢ , and
by ABAZOV 2015M separately in both prompt (4.7 ) and non-prompt (5.6 o) production in p p — J/1@d+ anything. Not
seen by SHEN 2010 in vy v — J/1¢ and ABLIKIM 2015 in e e — yJ/¢ at /5 = 4.23, 4.26, 4.36 GeV.

X(4140) MASS

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

1917 MeV (S = 1.4) | PDG2017 |

24



How Is the molecule like? %

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

* One of the defining features associated to the molecular
states that couple to several hadron-hadron channels is
that 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.

e Dai,Dias,Oset,EPJC78(2018)

« Ewang,JJXie,LSGeng,Oset,PRD97(2019);1806.05113
« Dai,GYWang,Xchen,Ewang,DMLi,Oset,1808.10371

25



LHCDb: B*—J/weK*
PRD97(2018)014017



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

B The mechanism with the J/y¢ intermediate
state instead of D:D; would involve the extra

factor g,44/9,. ., and can be safely
neglected. b

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

pole = 4169 + i66, I°[J7] = 07 [2""]

b C b D*D* DD} K*K* pp 0w
» > D+ > 1225 — i490 18927 — i5524 —82 4+ i30 70 + i20 3 — 2441
B~ . ) B
o o :(3_—,:: w— |2 @ b o I/ $J/ we
N B < 1257 + 2866 2681 + 940 —866 + 2752 —2617 — i5151 1012 + i1522
External emission I Ilnternal conversion I

27



The X(4160) is JPC=2** state with L=0 in D;D;.

We need a D-wave in the K- to match the angular
momentum in the reaction.

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

—

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

28




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

tree —
I B~—=K D!D; A(

The sum over polarizations of |¢| is

2 .
DI P = 5 KL

pol

— o k 4 k .
dM;y, (Df Df) (2}7)3 4MB' | | | |pD

F the K~ momentum in the B~ rest frame

- the D momentum in the D*D? rest frame. *°



The reaction of B" —» J/y¢K"

dr’ 11 2~ -
— — — k4 k’ > LA 2,

| For the mass distribution of J/y¢ |

A = A X Gpip:(Miny(J/y))
X ti);fﬂ:.‘—:r.f/waﬁ(Minv (J/l;ﬂ;b)),

For the mass distribution of D} D;

A = A[l + Gp:p: (M (D DY)
X ID;B;ﬁﬂ;ﬁ;(Minv(D:D:))]'

30




The contribution of X(4160)

e GiIs the loop function, with the cut off method,

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

3
G‘{:/(dq M, 1

' : 551),  ww(1565),
o) 2wi(q)Ei(q) kO + p° — ¢° — Ei(q) + ie pp(1551) (1565)

 The transition amplitudes are,

2
AT Ip:b;
DDi=Dibs a2 (DEDY) — M% + iMyTy
[ _ 9p:D: 97y
DIDs=ING M2 (T w) — My + iMTy

bH(2039),  J/WJ/p(6194),  wJ/(3880),
dJ/W(4116),  wd(1802),

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

Spoe = 4169 + i66, I°[J7C] = 0 [217]

D*D* DD} K*K* pp I8Y0)
1225 — i490 18927 — i5524 —82 + 430 70 + i20 3 — 2441
¢ Iy wl/§ dJ/ P wd
1257 + i2866 2681 + 1940 —866 + 2752 —2617 — i5151 1012 + i1522
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The contribution of X(4160)

e Gis the loop function, with the cut off method,
o dﬂq M 1 D*D*(4017), D:D*(4225), K*K*(1783),
b / (27)* 2wi(q) Ei(q) kO + p° — ¢° — Ei(q) + ie pp(1551),  ww(1565),

¢ $(2039), J/pJ/(6194), wJ [ r(3880),
e The transition amplitudes are, $I/@E116),  wh(1802),

Tx =To+ Tjyg + Do |

2
AT I;D;
PP MR (DID;) — M5 + My Ty

mnv

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

e — 9p:5:91/w¢ | T E IR 7
sDs—=J/wo Mlznv(‘]/wqf’) _Mi + iMXrX Flatté effect Jyp — SJIM% Py
|QD;D; ?

Pp:©O(M;p, (DiDY) — 2M - ).

r #yE —
DD
P 8aMy,




The contribution of X(4140)

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

operator for P-wave Is,

‘(EJ/;U X Ef,b) ' E‘ =)

POy AT
B—Kk-D:p: — | € K€ €-€

dl’ 1

dM,;,,(D:D?)

(27)3 4M2-

2 =y
~ (kIR ;AP

IThe substitution: I

Min, (D3 D) = Miny(J /v |

2 - - - -
3 |k|4 - 2|k|2, Pp: = Py,

4
BMX[4]4{])

—p
Miznv(']/wqb) - M%{@M{}) + iMx(a140)l x(4140)

with B a parameter to be fitted to the data.

M (a140) = 4132 MeV. 33



Results

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

I’y =65.0+7.1 MeV (at 68% confidence leveli
T} pp = 22.0 MeV

I'x(a160) = 87.0 £ 7.1 MeV

X(4160)  IG(JPC)=77(7")

Seen by PAKHLOV 2008 in et e — J/Y X, X — DD

X(4160) MASS 4156120 Mev
X(4160) WIDTH 139150 MeV
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dI7dM,,(Jyo) (arb. units)

120 |

100 |

80
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40

20

0

11111111111111111111111111111

X(4160) |-
------- X(4140) ||
Full :

s == Full*
—— LHCb

L L IR ET i T T

4100 4120 4140 4160 4180 4200 4220 4240

M (J/yd) 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 D;D;
threshold, cannot be accommodated by a
Breit-Wigner amplitude, and it indicates
that the resonance in that region is tied to
the D:D? channel.
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dI/dM,,(D< Dy) (arb. units)

180 |
160 |
140 |
120 |
100 |
80 |
60 |
40 |
20 |

D:.. I TR R S il
4200 4220 4240 4260 4280 4300 4320 4340

11111111111111111111111111111

.......

- = = X(4160) |
------- X(4140) ||
Full

M; (D, D.) MeV

B~ - K~ D*D?

 There is a peak close to the
threshold, which should not be
misidentified with a new state,
but it Is the reflection of the
X(4160).

 The strength of the peak is the
twice of the one of the X(4140).
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) = 30

M160 D*(2007)° Dy (2536)1 x (55 + 16 )x10~4
B(D4;(2536)" —
- D*(2007)° K*)
M6 D*(2010)~ D*(2010)* K+ (132 + 0.18 ) x 10~3
M210 D j?[} < 8 x 104 CL=90%

211 D;+_?O < 9 « 10~4 CL=90%
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BESIII: etfe—vyJ/we

arxiv:1806.05113



X(4140)

Search for the Y(4140) via ¢’e” — ypJ /y at Js= 4.23, 4.26 and 4.36 Ge
s IBESI]I, PRD91, 032002 (2015)

- 3s
v oo 5=423GeV oo Js= 4.26 GeV Silde of R.G. Ping, 2018.3.31
z» 25| s 25 ~
%’ 2| o <0.35pb, é f o <0.28pb, %ZE ?ii—%%u*%igiit&'—ﬁ SML 54
i 15F CL =90% j 18¢ CL =90% ﬁnﬁlﬂ'zz@:m
§ 1 E i3
i 055 | | “oosE
O A e i a3 aas aa G418 iz azs 43 a3 a4
M(d ) (GeVic? M(a J/y) (GeVic?)
as - 35
v 1o Ns=436CeV s Sup of (a)(b)(c)
E 25k O_<033pb, % 25
- Q r
g 2 CL =90% g 3
= 1.5¢ = 1.5}
% U3 g U3 ;
“ oos) “oosk
e i s s s A O ais 42 a5 43 455 44
M(d Jiyr) {GEWCE} M J/y) (GeV/c?)

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

~0.1 at s =4.23,4.26 GeV )
13



BESIII

Observation of e"e™ — ¢xa and dx.2 at /s = 4.600 GeV

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

second systematic.|No significant signalsjare 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
| g = s 3
L OF 5 100 | Full
% n o w—
= 4 - ! % 80 | .. —— LHCb
C o
g 3 :— [ [ ¢ -2- 60 |
% 2 :_ %_ 40 |
Lﬁ C 2 = 20 |
1E R ° .
- —_ D 1 | .'.""i'FIIlll---.-;.:...;...-
0 LTy bmbeeeebeeent bt L1 4100 4120 4140 4160 4180 4200 4220 4240
4.1 42 425 43 435 44 M, (Jw) MeV

Mo Jiy) (GeV/c?)
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The mechanism for J/@¢ production

g “(a L
* M), = Ax G pitp: by apws x P

(@) (a)

o MJ/"t;'ﬁﬁf:' x P

1 L. .
Pl = [; (€1i€2j + €15€2i) — 3€1 '€QOij]
1 |
% [§ (€si€a/wi + €oi€a/wi) — 360 EJf-u'>5ij]
P B 9pxD*Y9J/vé
DD Jwe = N2 (J)pp) — M3, + il x, My,

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

o BM3%_ x PO
- VA - — 2
Hwd— ME(J/vo) — M2 +iMx,Tx,
b
— Mgf)'lﬁ’dl X P(b]:
pb) — E (€1 X €3) - €x,] |:€X2 ' (aﬁ) X gﬂ%ﬁ»‘)}

pol

— (EH X gg) . (aﬁ, X t:i;rm-;) ]

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 decay B~ —

J/ VoK [4].
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The mechanism for J/@¢ production

a L 1. (@) |2 (b) |2
AMiny (/0 0) - (27)3 4s K P [lMJprﬁ| + |MJ{1;,:¢;.| ]

1 A2 (5,0, M2 (J/00))

2/s
5 — )\IXQ (AIIQI]V ( J/IL;(D)" ﬂl%fﬂ} ? ?’ﬂﬁ])
o WMoy (T/100)
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The mechanism for D,"D.” productio

dl’ 11
dMin, (DXD*)  (27)3 4s

Mp.p. = A [Ttrcc _|_T:c(416nj}

kFﬁD; |MD_;EF_; |21
— A [1 +Gp.p. (M (D:DY))
Xtp-p=.p: b (ﬂfimr(D:B:))}

2
Ip: D:
(DzD*) — ﬂfﬁ%l + il'x, Mx,

b e =
n+=np= DD+
g a i a s ﬂfz

inv
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Results

d'/dM,, (Jpd) (arb. units)
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dr/dmM, . (Jhyd) (arb. units)

T L T T T T L L S S L S |
70 U N 1_2#&2 ]
. === 1 DA
5t —+— BESII |
4t :
3 . :
9 [ . _“_...-":_l
| cdzm i n = |
1 [ 1 1 | s ]
0 . ]

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

45



[ 68CL ]
i - X(4160) |]
T LR T tree ]
: Full ]

*

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

1F

D:...|...|...|...|...|...|...|.'
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M. (D D,) MeV
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LHCDb: B*—-J/@wwK*
arxiv:1808.10373



LHCDb thesis 2014-243

[ 20(2P) |

rgmooo_— Nonresonant bkg XCO(ZP) . X(3915)
2 - X (3872) Is X(3915) the XCO(ZP)?
| X(3872) | 2 sl | 1 2P) HXChen, Phys.Rept. 639 (2016)
\ L — Total Phys.Rev. D69 (2004) 094019
N 6000 ad
vy ‘ |
4000 /
TN
2000 1 l + ++
0|.+
3900 3950 4000 4050 4100 4150

Jiy @ mass (MeV/c?)

Figure 4.1: Fitted J/v w efficiency-corrected invariant mass distribution.
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O X(3915) n B%K(DJ/ 14 observed by Belle and Babar

so | @) Belle |  Belle: S-wave Breit- Wigner
+Belle, PRL.94 (2005) 18200

o } M = 3943 + 17 MeV

3 i \ %--'i ['= 87424 MeV

28 4080 42|80 — Babar:

M{(wJd/Ap) (MeV)

M = 391944 MeV
I'=31=x11 MeV

Events/10 MeV/c?

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) (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.

[pote = 3943 + i7.4, 19[J%¢] = 0*[0* ]

D*D* DiD? K*K* pp ww
18810 — i682 8426 + i1933 10 —ill —22 + 47 1348 + i234
b T/ d/ wJ /i bJ/ U wd
—1000 — 7150 417 + i64 —1429 — 216 889 + 1196 —215 — {107
E IV. Couplings g; in units of MeV for I = 0, J = 2.
[Soole = 3922 +i26, [9[JP¢] = 0F[27+]
D*D* D:D? K*K* pp ww
21100 — 71802 1633 + i6797 42 +il4 —75 +i37 1558 + 1821
b J/ gl ] wJ /i bJ/ o

—904 — 1783 1783 + i197 —2558 — 12289 918 + 2921 91 — 78460




The reaction

|[H) = (DD + D**D*~ + D;* D}~ +3C D D)K~)
_ | [(1 13 O)D*DD*G 4 D*+]j*— + D:“"D‘:_} H:_> .

ol



Tree |level

|[H) = (DD + D**D*~ + D;* D}~ +3C D D)K~)
_ | [(1 i 9 O)D*DD*G 4 D*+]j*— + D;""D‘:_} KP_> .

B- s K—D+*0D+0 = [A Fay|? € &
., = 1o
+ B(E-ke' k—5|k"E- &) | (1+30).

tree
i

= A |EEL‘I.-’ |2 E‘ Er

ttree
B-—K-D*+D*-
T
+ B(E ke k— 5|k & &)
th:I{—DHD;_ = A |Ea:~r|2 €€
(©
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Final state interaction

t'l f— GD#GD#D (ﬂ'finv) tID"[}_E"[}—}JfﬂJw[:]' + 3 C)

+ Gpespo (Miny) thes pee s 1/

i AT I
+ G+ pr-(Miny) tpes e g1 »

fg = GD"":'E‘"U (ﬂ’finv} fg.[}fp—[}_}ihbw(l + 3 0)

v 1, ITr
+ GD*"'D*—(i finv)‘ tD1-+_D-—_}JJ,"7_IL-'..w

‘ NP §
+ G+ p;— (Miny) tD;"’D;‘—}J,“;:'.w 1

a1 1,
dMZee T @2m)E Ay

X (3IAPIRw 'tta? + S| BPIRtaf?)

1 (i) (i)
g _ 29r, DD+ IR, I/
D*OD*0, J/pw — g2
/v ﬂ,-f-mv

1 (i) (i)
V29R, DD+ IR, J/w

t —
D+D*—, Jjpw =
nv
(2) (2)
9r. D2+ D2~ IR, I/

DD b M2 — MR +iMpTg,’

mv

I = Fg} + Ffri;ww + ngf}*’
] 2
0 _ 18Ryl (i)

(i) _ (i) Jibw
Fy' =Tpg — ijm(Mim = Mp.).

— *'I‘IJIQ?% + iﬂ-:’frlqﬂ:l_‘}{\,L ’

M2, — M} +iMg Ty

i
. |§}:E1 D* D*

J/

| 2

D*D*

D+ @ (M — 2Mp+),
SJTM%I_ Pp+© (Miny D*),
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Summary @

* The X(4140) deduced from the B* — J/y¢K " by LHCb has a
large width 83 1+21 MeV vs. 19MeV of PDG.

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

 X(4140) as the DD} molecule, 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/y$ 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 3- — xk-p*b* 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 e" e~ — ~J/1¢, by
considering the contributions of the molecular state

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

e Our 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/wwK™* 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.

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