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INTRODUCTION: Z, states

Charmonium-like states: X(3872), Z.(3900), Z.(4020) -
Why is ZF(3900) important?

* the first confirmed charged charmonium-like state.

Phys. Rev. Lett., 110:252001, 2013 (BES III) Phys. Rev. Lett., 110:252002, 2013 (Belle)
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directly exclude conventional hadron => Exotic States!!! .
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INTRODUCTION: from Zc to Zcs

Interpretations of Z,

Molecular: phys. Rev. Lett., 111(13):132003, 2013.

Phys. Rev. D, 88(1):014030, 2013.
Eur. Phys. J. C, 73(11):2621, 2013.

Tetraquark: phys. Rev. D90,054009 (2014)

Phys. Rev. D 92(3), 034027 (2015)
Phys. Rev. D 96(11), 116003 (2017)

Cusp:arXiv:1504.07952

Predictions of 7.

Eur. Phys. J. C, 58:399-405 , 2008. Relativistic quark model, decay

Phys. Rev. D, 88(9):096014, 2013. ). QCD sum rule, decay

Phys. Rev. Lett., 110(23):232001, 2013. Effective Lagrangian approach, decay
JHEP, 04:1 19, 2020. Relativized diquark model, spectrum


https://arxiv.org/abs/1504.07952

INTRODUCTION: observation of Zcs

BESIII, Phys.Rev.Lett.126, 102001 (2021)
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LHCb, Phys.Rev.Lett. 127, 082001 (2021)
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INTRODUCTION: observation of Zcs

Resonance parameters

Collaboration Mass (MeV) Width (MeV)
BES III [49] 39825708 £2.1 12.8733 £3.0
LHCb [50] 4003 + 617, 131 £ 15426

The similar mass but different width, are Z/,(3985)
and Z/;(4000) same state still remain a question.

Same state: Different state
Phys. Rev. D, 103(7):074029, 2021. Sci. Bull. 66, 2065-2071 (2021)
Phys. Lett. B, 818:136382, 2021. Phys. Rev. D 103(7)(2021)..

Eur. Phys. J. C, 82(6):520, 2022.



Decay of Zcs 1n the molecular scenario
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Eur. Phys. J. C, 82(6):520, 2022
Qi Wu and Dian-Yong Chen

Z.cs(3985)
Z) = L(ID:‘D‘W +|D;D™Y). Hidden charm decay

g\? . - Zes = J/WK™ , Zes > K™ (triangle loop)
Lz, = Ezﬂ‘ (D-s;uD + D-*'D,u) Z.s = D;D (directly estimated)

: The branching ratios of Z, — J/WK~, Z., — n.K*~ and Z_, — D"D’™ + c.c.(in unites of %) depending on the model parameter a.

o 3 3.5 4 45 5
BIZ;, — JJWK"] 1.3 2.4 4.0 6.0 8.3
BIZ-. — K] 0.9 2.1 4.2 7.6 12.5

B[Z-, — DD’ +c.c.] 97.8 95.5 91.8 86.4 79.2

the decay behavior of Z.;(3985) 1s very similar to the one of Z.(3900)
when we assume Z¢(3985) as a D:~D°® + D7 D*? molecular state.
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Production of Zcs in BT /B decay

BIB* — Z ¢ — J[W¢pK"]
BB = JypK™]

Fit fraction:

=94+2.1+34)%.

BIBT = ¢Z — ¢(J/YKT)] = (4.6+2.0) x 107°,
Production Mechanism of B* - Z.," ¢

Quark level Hadron level

D: (D D;+ qb
L(I: i | Dominant contributions
D;+ Bt D+
bD 7 B 2 B lB+ SN DS(*)+5(*)0] :
(a) (b)

(9.0 +0.9) x 1073,
(7.6 + 1.6) x 1073,

Dy é Dt &
L(Iz N jﬂ (8.2 + 1.7) x 1073,
s ' (1.7 + 0.24) x 10~2
D*0 Zg P zZ:
(c) (d)
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Production of Zcs in BT /B decay

Weak vertex Lpopoy = —igppyD) 5}; [0l ((v#);
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model parameter °
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Production of Zcs in BT /B decay

5 10
° ° * +_(*)O _
* The branching fraction B [BSO - Dbg ) Dy ] """ By = K™+ Z,
A A 8l
are also sizable, we can predict the =
productions of Zcs in B? decay. g’ g |
- S i
K- w 2 & Jf—
7z a _
01I0 1I5 2I0 2I5 SIU 01I0 1I5 2I0 2I5 3I{}
(e) (®) N

o + + + +\ — +2.12 -6 Fig. 4 Branchingratiosof BY — ¢Z and B — K~ Z (left panel)
B(B - ZCS¢)*B(ZCS ~ ]/II}K ) =1 86_1-37 x10 (Present WOI’k) and their ratio (right panel) depending on parameter «
- B(B* - Z}.¢)*B(Zf, > J/YK*) =4.6 + 2.0 X 10~5 (LHCD)
BIBY - K~ Z1]

Our results are comparable with the LHCb measurement. R, /B = B[B+ — ¢ Z = 417£0.28

* Prediction:

_ . B BB - ZEKT — J/YyKTK™]
BIBY — K*=ZF, KtK™]1=(3.83+£1.69) x 107°. Lo

BB, — o>y = 9) x = B[BY - J/YKTK™]

« The B? — J/9K*K™ should be cleaner process to searching Z . 10

— (4.85+£2.17)%,
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Production of Zcs in B decay(new)

The final states in B* decay production
mechanism could be Z.,™ with a ui and

- ss > ¢,nn
SS meson

uu - o, p% n,n

Sizable branching fraction

B () b ) cs Process branching fraction
u B* = J/UK*¢ (5.0 £0.4)x 107
B* — JjyK*w (3.21090) x 1074

B* — J/yK*n (1.24 +£0.14) x 1074

— — | Zes B* — J/uK*y (3.1 £0.4)x 107

B* — J/yK*n° (1.14 £0.1) x 1073

B* — J/yK*p° -

UL

(b) 11



Production of Zcs in B decay(new)

Considered diagrams of B* —
Z.s" ¢ in the present work

(d)

f)
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 more final states, more immediate states
B|B* - D{D°| = (3.1£0.9) x 1073,
B[B* - D}D™0 = (1.2 4£0.3) x 1072,

* The Dy, couplings to Dg*)qb via S-wave

Process

Loops

BY = Z ¢

DIDD**, D:D°D, D**D'D**
D:*D*D}, DTD°D, DiDD?,

B* - Zw/p°

DUD+ D*U DiOD+DiU
DODHDO D?OD*_JF DD

B* = Z n/y

D:DﬂDjf*, D:*DUD:+, D:+D*UD:, D;TD“D:J’
D{)Di‘—D*ﬂ D*OD+D*D D*{)D?E+Dﬂ

B* — Z*n'

D{)DW‘LD*O D*GDJ’D*D D*{)D‘.‘E-I—Dﬂ
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Phys. Rev. D, 104(7):074011, 2021.
Qi Wu and Dian-Yong Chen

B[Z,.* — J/PYK™] was estimated to be around 4%

1.8 2.0

Our estimation Zhuo Yu, Qi Wu and DianYong Chen

B[B" - Z ¢ — JIYK" @]

TABLE V: The estimated branching fractions for all processes (ir

order of 107%).
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Process branching fraction
B > Z.¢ 17555
B* - Zw 1.03%038
B 71" 106038
B* - Z'n 0.291013
B - Zty 05307
Bt - Z n" 0.307013

5

= BB — Z*¢] x BIZ". — JJWK*]
= (7.0*5'5) x 107°,

Experiment(LHCDb)

B[B"

+
- ch

é — JIWWK ] = (4.6 +2.0) x 107°.

13
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The ratio between these branching ratios indicate our
estimation is weakly dependent on the model parameter.
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FF[B* — Z}M — J/yK*M] _ B[B* — J/yK*§]

FFIB* — Zi¢ — JIWK*¢] ~ BIB* > JjyKM] "

Process Ratio FF
B* — J/yK*¢ (9.4 +£2.1 +3.4)
B* - JIUK*w 0.59*07, 0.87%034
B* — J/yK*p° 0.60*004
B* — I/yK*n 0.16+003 0.61+927
B* — J/yK*n' 0.30700 45572
B* — J/yK*n' 0.17°00; 0.07*00;

 The fit fraction of Z.; in BT - J/YK™n' is comparable
with B - J /Y K™ ¢(the largest one), it is accessible for
future experiment.

14
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Summary

- Z.;" could be assignhed as a DD + D,D* molecular state.

 We considered more finals states and immediate states to

investigate the Z_;" production in B* decay process.

» The fit fractions of Z.;" in different three-body decay

process of B™ meson are predicted.

- We propose to search Z."in the process B* — J/PK*n'.

15



Thanks!
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