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Charmonium-like states
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X(4140)

TABLE I. The experimental measurement of the X (4140).

Experment Mass Width Significance Year
CDF [1] 4143.04+29412 117730 £3.7 380 2009
CMS [2] 4148.0+£24+63 2871%°+19 500 2014
DO [3] 4159.0+4.3+6.6 2041373 3.00 2014
DO [4]  41525+1.7792 163+56+114 470 2015
CDF [5] 4143.4120+06 1537.%%+25 500 2011

LHCb [12] 4146.5+4.515% 83+ 2112 840 2017

Before 2015, LHCb and
Babar have not confirmed
this state.

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




Candidates/(10 MeV)

The LHCb measurement

BT — J/YpK™

4 X states are observed.

X(4140); JPe=1+*
Width=831+21 MeV
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The LHCb measurement
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The strong cusp around the DD threshold cannot be |
reproduced in the analysis of LHCD. states are observed.
L X(4140): JPC=1*+

l Width=83 21 MeV
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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
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X(4140) structure

»Molecular state: 0*t or 2t

X. Liu, S.L. Zhu, PRD8032009), G.J. Ding,EPJC64(2009),J.R. Zhang,
M.Q.Huang,JPG37(2010),

» Tetraquark:
F.Stancu,JPG37(2010),Z.G.Wang,lIJMPA30(2015),EPJC79,72(2019)
»Hybrid state:
Mahajan,PLB679(2009),Z.G.Wang,EPJC63(2009)
»Rescattering effect:

X. Liu,PLB680(2009)
»X.,(3P): (with a small width~20 MeV)
D.Y. Chen, EPJC76,671(2016), Poster by En Wang,
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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), SSpaie = 4169 + i66, I5[J*C] = 0*[2* ]
pp(1551),  ww(1565), D*D* DiD; K*K* pp 0w
1225 — i490 18927 — i5524 —82 + 30 70 + 20 3 — 2441

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

P J/pd ] wl/ dJ/ w
dJ/p(4116),  wd(1802),

1257 + i2866 2681 + 1940 —866 + 2752 —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+
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How to distinguish the molecule state?

* |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, and has the main component, channel A,
one of the defining features is that, one can find a strong
and unexpected cusp at the threshold of the channel A in
one of the weakly coupled channels.

« Dai,Dias,Oset,EPJC78(2018)

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

« Dai,GYWang,Xchen,Ewang,DMLi,0Oset,1808.10371
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The reaction of B*—J/wK*
PRD97(2018)014017



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 + 20 3 — 2441
g i 5 :(3_—,:: w |° @ ¢ e wl/y $J/ Y we
~ B < 1257 + 2866 2681 + i940 —866 + 2752 —2617 — i5151 1012 + {1522

External emission I

I Internal conversion I
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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.
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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/yp¢ |

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

X (4160)

I For the mass distribution of DD I

A = A[l + Gpp: (M (D DY)
X fmﬁ;-»n;ﬁ;(Minv(Df:D:))]-
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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
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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§ . —*. —“If' - —}.—}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.

20

My a140) = 4132 MeV,



Results @

* We fit the LHCb data from threshold up to about 4250 MeV.
« 13 data, x4/dof=15.3/(13-3)=1.39

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

21



dI7/dM;, (J/wo) (arb. units)
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 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

obtained from the contribution of
X(4160) (2+*) and X(4140)(1**, 19 MeV)
resonances.

{l+ 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
DD channel.

22



Results

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

° * There is a peak close to the
160 | ~_~ Saieo) |{ | threshold, which should not be
o | X4140) |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 Ry Y

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

B~ - K~ D*D?
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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(4160) as the D;D;molecule, with JP¢=2** large couplings
to D;D;, J/wd channels.
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Summary

* Taking into account the contribution of X(4160) and X(4140),
the lower part of the spectrum of LHCb 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 D;D? distribution for B~ — K~DiDjreaction.
There is a peak close to the threshold, which is the
reflection of the X(4160).
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Thanks for your
attention!



