The charmonium-like states
X(4140) and X(4160)

IR MRS
AEE REA, HRE, FEK, EOset, #4H, X L
FABRBT R TFERTFTE
202151 A4 258

EPJC80(2020)626, CPC43(2019)113101,
RPD97(2018)014017, arXiv:2012.01804




outline

* Motivation

* BT - J/YPK™
~ete” - y]/YP
* Ay 2 J/PAP

e SumMmary



Charmonium-like states
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X(4140)

Exp. Mass Width Sig. Year

CDF [7] 4143.0£29412 117583 £3.7 3.80 2009

CMS [8] 4148.0+£24463 28715 £ 19 5.00 2014

DO [9] 41590443466 20413+ 3.00 w14 | EWang,EPJC80(2020)626 I

DO [10] 4152.5 +£1.7582 163+56+ 114 470 2015

CDF[11] 4143.4730 406 153404425 5.00 2011

LHCb [17] 4146.5 £4.5738 83 +21+2) 8.40 2017

PDG [2] 41468 £2.4 2218 2019
{ncuding possibly non- ¢ 7 stats)
X1(4140) IS(F7C)=0"(1")

* No signals in BellerrL104,112004
2010)), LHCD PrDSss5, 091103 (2012)),
BaBar ero o1, 012003 (2015))

« The signal of X(4140) is only observed in the
process BT - J/Y¢pK™

was X(4140)

This state shows properties different from a conventional gq state. A candidate for an exotic structure. See the review on
non- gq states. Seen by AALTONEN 2009AH, ABAZOV 2014A, CHATRCHYAN 2014M, AAL 2017C in BY — xu KV | xa
—+ Jfy¢ . and by ABAZOV 20150 separately in both prompt (4.7 &) and non-prompt (5.6 o) production in pp — J/id+
anything. Not seen by SHEN 2010 in « v — J/sp¢ and ABLIKIM 2015 in e* e~ — yJ/ppat /s =4.23, 426, 436 GeV.

Xer(4140) MASS
Xo(4140) WIDTH

4146.8 £ 2.4 MeV (S =1.1)
22+8 MeV (8= 1.3)

Decay Modes
Scale Factor/
Mode Fraction (T'; /T') Conf. Level P (MeV/ic)
Iy Jfwe seen 217
Ts ¥ notseen 2073



X(4140)

. _ ‘ - + - .
Search for the Y(4140) via e'e” —> y¢J /w at \[s= 4.23, 4.26 and 4.36 Ge Observation of eTe™ — ¢xa and dxe2 at /s = 4.600 GeV
s BESIIIL, PRD91, 032002 (2015) a5 M. Ablikim et al (BESIIl Collaboration)
o o Phys. Rev. D 97, 032008 — Published 12 Feb 2018
v 3 @ = 4.23 GeV w 3 (b \/;= 496 GeV ys. Rev. ublishe ebruary
3 25| 3 25/ -
g o 0 <035ph, | 3 . o <0.28ph, 61
S st CL =90% S b _ —~ _r
6" CL =90% T 5E
e 0.55— 3 i 0_55— “'-? -
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M(a Jy) (GeVic?) Mo Jiy) (GeVic?) E C
35 35 o Z
L sb oo V5= 436GeV . o Sum of (a),(b).(c) T 3F 1 4
3 25F o <0.33pbh, > o5 % C
- - T -
g8 2 CL =90% g 2 o 2
S 15 S 15f = N
§ “oE !
Woosf Woosk - .
S R e O 415 42 425 a3 4d5 a4 0 1™ [ R B
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2
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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 Chdl‘l'll()[lll]l"[]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.

0F """""""""
PHYSICAL REVIEW D 93, 054032 (2016) 1@ | N
T 25f ! _ .
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= [ |.: D, t¥p;
! 2 =} H === Mp, +Mp,
Xiao-Hai Liu"" and Makoto Oka">" § 15t : o
= 10} l
5 A
= ',"

4.18 420 422 424 426 428 430
M‘];{M} [GBV]




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

_ LR J VoK

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 O.90 530

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 Ny Mass (MeV) Width (MeV) o Fraction (%)
CDF [1] 58 4143.0+£29+ 1.2 117133 +3.7 3.8
Belle [19] 325 4143.0 fixed 11.7 fixed 1.9
CDF [26] 115 4143415, + 0.6 153150+ 2.5 5.0 I5+4+2
LHCb [21] 346 4143.4 fixed 15.3 fixed 1.4 <7
CMS [23] 2480 4148.0+24+6.3 28115 + 19 5.0 10+3
DO [24] 215 4159.0 4.3 + 6.6 19.9 +12.6';{ 3.1 21 +8+4
BABAR [22] 189 4143.4 fixed 15.3 fixed 1.6 <13
DO [25] 4152.5 + 1.7'83 16356+ 114 4.7-5.7
Average 4147.1 +£2.4 157+6.3 I PRL118,2017

ec MESONS
INSPIRE se;

(including possibly non- g g states)
X1(4140)  IG(JTC)=07(1"T)
was X(4140)

This state shows properties different from a conventional gq state. A candidate for an exotic structure. See the review on
non- gq states. Seen by AALTONEN 2009AH, ABAZOV 2014A, CHATRCHYAN 2014M, AAL 2017C in B = xa K'Y . xa

— J/¢ . and by ABAZOV 2015M separately in both prompt (4.7 &) and non-prompt (5.6 ) production in p p — J/g+
anything. Not seen by SHEN 2010 in 4 y — J/¢¢ and ABLIKIM 2015 in et e~ — yJ/ygpat /s=4.23 426, 436 GeV.

X (4140) MASS 4146.8 + 2.4 MeV (S = 1.1)
X1 (4140) WIDTH 22+8 MeV (S = 1.3) PDG2020
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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 ] ]_',:‘_*é"’_-g +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), 83+21 MeV, larger than the former
experimental measurements, and also the average of the PDG.

DO [25] 4152.5 4+ 1.7182 163564114 4.7-5.7
Average 4147.1 +2.4 15.7+6.3 I PRL118,2017 I
R ——
cc MESONS

(including possibly non- g g states)

G(TPCY =+ (1++
X1(4140) I%(J7%)=07(1"")
was X(4140)
This state shows properties different from a conventional gq state. A candidate for an exofic structure. See the review on
non- gq states. Seen by AALTONEN 2009AH, ABAZOV 2014A, CHATRCHYAN 2014M, AALJ 2017C In BY = x4 K |, xa

— J/¢ . and by ABAZOV 2015M separately in both prompt (4.7 &) and non-prompt (5.6 ) production in p p — J/g+
anything. Not seen by SHEN 2010 in 4 y — J/¢¢ and ABLIKIM 2015 in et e~ — yJ/ygpat /s=4.23 426, 436 GeV.

X.1(4140) MASS 4146.8 + 2.4 MeV (S = 1.1)
X, (4140) WIDTH 22+8 MeV (S = 1.3) PDG2020 10




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
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X(4140)

 Many explanations:
»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,lJMPA30(2015)
»Hybrid state:
Mahajan,PLB679(2009),Z.G.Wang,EPJC63(2009)
»Rescattering effect:
X. Liu,PLB680(2009)

12



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+

16



DiDimolecule, X(4140) or X(4160)

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

PRD95,2017,PRL118,2017

Jre X (4140) X (4274) X (4500) X (4700)
(s 10.30 7.86 Preferred Preferred
ot 12.5¢ 7.00 8.1c 8.2¢
1Tt Preferred Preferred 520 4906
-t 1040 640 6.5¢ 8.30
2+ 7.60 720 5.60 6.80
2-t 9.60 6.4c 6.5¢ 6.30

c € MESONS

(including possibly non- g g states)

Xa(4140)  I6(IPC) =0t (1)

was X(4140)

This state shows properties different from a conventional gq state. A candidate for an exotic structure. See the review on
non- gq states. Seen by AALTONEN 2009AH, ABAZOV 2014A, CHATRCHYAN 2014M, AAL) 2017C iIn BY = yu K . xa
— Jf¢¢ , and by ABAZOV 20150 separately in both prompt (4.7 &) and non-prompt (5.6 ) production in pp — J/dé+
anything. Not seen by SHEMN 2010 in 4y 4 — Jfy¢ and ABLIKIM 2015 in e e~ — yJ/yd at /5= 423, 426, 436 GeV.

X (4140) MASS
X (4140) WIDTH

4146.8 + 2.4 MeV (S = 1.1)
22+8 MeV (S =1.3)

| PDG2020
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DiDimolecule, X(4140) or X(4160)

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

Jre 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.

was X(4140)

This state shows properties different from a conventional gg state. A candidate for an exofic structure. See the review on
non- gq states. Seen by AALTONEN 2009AH, ABAZOV 2014A, CHATRCHYAN 2014M, AAIJ 2017C in BY = x4 Kt | xq

— Jf¢¢ , and by ABAZOV 20150 separately in both prompt (4.7 &) and non-prompt (5.6 ) production in pp — J/dé+
anything. Not seen by SHEMN 2010 in 4y 4 — Jfy¢ and ABLIKIM 2015 in e e~ — yJ/yd at /5= 423, 426, 436 GeV.

| |
X1 (4140) MASS 4146.8 + 2.4 MeV (S =1.1) I PDG2020

X (4140) WIDTH 22?'; MeV (5=1.3)

18



X(4140)

Eur. Phys. J. C (2020) 80:626
https://doi.org/10.1140/epjc/s10052-020-8187-0

THE EUROPEAN
PHYSICAL JOURNAL C

Regular Article - Theoretical Physics

Canonical interpretation of the X (4140) state within the 3P0 model

Wei Hao, Guan-Ying Wang, En Wang®, Guan-Nan Li, De-Min Li

School of Physics and Microelectronics, Zhengzhou Universily, Zhengzhou 450001, Henan, China

Eur. Phys. J. C (2016) 76:671
DOI 10.1140/epjc/s10052-016-4531-9

THE EUROPEAN
PHYSICAL JOURNAL C

Regular Article - Theoretical Physics

Where are x.;(3P)?

Dian-Yong Chen?

Department of Physics, Southeast University, Nanjing 210094, Peopl

e's Republic of China

and x2(3FP). Our results show that the X (4140) state with
the small width given in PDG can be explained as the char-
monium state x-1(3P) in the 3 Py model, and high precision
measurement of the width of the X (4140) is crucial to under-
stand its nature.

T'(X(4140) — J/yé) = 86.9 + 22.6 MeV
«ZGWang, Eur PhysJ C79 (2019) 1, 72

*80+-29MeV,Agaev,Phys.Rev.D 95 (2017) 11, 11400:
* Jetraquark, JingWu, Phys.Rev.D 94 (2016) 9, 094031

*HXChen, Eur.Phys.JC 77 (2017) 3, 160
*Diguark-antidiquark, Turkan, Nucl.Phys.A 985 (2019) 38-65

*D:D; cusp ef fect, XHLiu, Phys.Lett BT766 (201@ 117-124



| HCb: B* - J /P K™

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 + 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

21



Thereaction of B — J/y¢K™

K- The X(4160) is JPC=2** state with L=0in D;D.
We need a D-wave in the K- to match the angular
B~ momentum in the reaction.
o=
J / W . _}_“f — 1 ry I
| IB_Z_KD,:BTZA(E']CE'k—3k€'€),
X (4160) o)

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.

22




Thereaction of B — J/y¢K™

K- The X(4160) is JPC=2** state with L=0in D:D;.
We need a D-wave in the K- to match the angular
B- momentum in the reaction.
=
B~ —K DD — 3
X (4160) o

The sum over polarizations of [¢[” is

2 -
th‘;ﬁe—»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 Dy momentum in the D*D* 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¢ |

g/

A = AXGpp: (M, (J/y))
X IB;B:—:-J/wrﬁ(Minv (J/w¢))’

X (4160) ¢

I For the mass distribution of DD I

A = A[l + Gpp: (M (D DY)
X ID;B;—r.{);ﬁ;(Minv(D:D:))]'

24




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

25



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’ 1 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.

27

M (a140) = 4132 MeV,



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)

° * There is a peak close to the
160 | ~_~ Sieo) |{ | 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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() = 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%

M1 D;-l__?o < 9 % 104 CL=90%
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The mechanism for J/y¢ 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/y¢ production

T2 b
7 0o BM3%, x P®
. T/ 6 M Ew( J / L‘O) — ﬂ[}?{ 2 + EAIX - FX?
b
- MJXWJ P( )’
PO = 3" [(& x &) - Exy] [Exs - (F X E1yus)]
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).
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The mechanism for J/y¢ 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? production \,

T 11, o
Mo (D: D7)~ @rp 45 PPz Moz: [

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 L | L L | ]

C f— FU“ 9 1
6 b e 1_2&2 ]

- ] 5A
e f —— BESIII |]
4t f
3F p

; _ -7 ]
2 E_ o - ..-.-::l_r.- -l'i-‘ L ."‘ ‘ | E
1F ::';-. ]
0l |
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ete” - D:D.y

78 [ 68CL_ |
w : - = X(4160) |
T 6F e tree .
= i Full :
= 5F ;
= i
# L
Dm4'
tg“‘?’:

= i
= 2
k=, :
5 1

ot

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

inw
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Ap = J/PAP

* First observed by CMS pLBs02, 135203(2020)

* ] /Y@ final state interaction, X(4140) &X(4160)

* A final state interactions, no information about A*
* J /YA final state interaction, P

LHCb-PAPER-2020-039 LHCb preliminary

The £, = J/YK™ A data sample
PRC93(2016)065203 PHYSICAL REVIEW C

* Used to search for predicted [udscc] pentaquark P.g overing Ruclea physics

Recent results on exotic * Run-l + Run-Il data: ~1750 signals, purity ~80%
hadrons at LHCb

Highlights Recent Accepted Authors Referees Search Press About Staff

Looking for a hidden-charm pentaquark state with strangeness
S = —1fromE, decay into J/YpK~A

Hua-Xing Chen, Li-Sheng Geng, Wei-Hong Liang, Eulogio Oset, En Wang, and Ju-Jun Xie
Phys. Rev. C 93, 065203 — Published 14 June 2016

m, [GeV]
1

Mengzhen Wang
Center of High Energy Physics, Tsinghua University
(On behalf of the LHCb collaboration)

1600y ik i
=(1820) el
| |
4 6

'"_:m" [GeV]

N Potential P.; contribution?
mJy AKT) [MeV) Amplitude analysis required.
Long Long Downstream Downstream (next slide)

10/29/20 Implications workshop 2020 14 39

Implications of LHCh measurements and future prospects
28 Oct. — 30 Oct. 2020 T T A

5800 5900
il AK) [MeV]
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The mechanism

S
5
. C:i M :A(ELUUXE@)‘kGD*D*tD;D;—?Jkaﬁ
d d
(a) (a)
c /§ 8 c A
I/
b s ?U'S p g
W Ay MS = Bx M X (4140) €I/ " €
U “ 11 - 72 12 N\ )
. i . X (4140) é ﬁJinv — J!?'I,:IX (4140) -+ Eﬁ:f){ (4140) FX{414.[|J
(b) (b)
W= S J (./ 'L" 3 - -
My €/ - €
b N ¢ Ny e MPCE = (' x 2 : ?}2 in ?,j- T 3
{ ’ P, (4450 Mypn — Mp,, TP L P,
u ft - | A |
d (c)
(c)
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d*T 1 1 ,
AT~ s 2= M
S/ J/pA Ay

SIMP = 3T (MO M) (1) / i
= B (3| M5 + 20k M7) (18) » <
1)

= —
- X (4140)
M” = aGp.p; tp; p;—s/vé: (19) o)
M = iwﬁgf (4140) A
M3, = M (4140) T iMx (4140) T X (4140) I/Y
BM3 Ap — >
+ ' co ‘ (20) P.,(1459)
M ? A M I%cs +iMp_ I'p..° A
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Results

dl'/dM jj4 arb. units]
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dI'/dM jyp larb.units]
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[arb.units|
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Summary

* The width of X(4140) is important.

 With a narrow X(4140) and the D:D% molecular state X(4160),
we can provide an good explanation of the LHCDb
measurements for B* - J/PpK™.

 Our model is also compatible with the BESIII measurments

about ete™ - yJ /Y.

* The process Ay — J/PYA¢ can be used to learn X(4140),
X(4160), and the newly observed Pcs.

* The signal of X(4160) in D:D% spectrum is important to
confirm the molecular nature.
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Thanks for your
attention!



