24" HIGH-ENERGY PHYSICS R
INTERNATIONAL CONFERENCE \L

RUHR
5 UNIVERSITAT
IN QUANTUM CHROMODYNAMICS BOCHUM

Are the Z.4(3985) and Z.5(4000) the same state?

Lu Meng (£ %)

Ruhr-Universitat Bochum

7th July, 2021

Together with B. Wang (HBU), G.J. Wang(JAEA) and S.L. Zhu (PKU)
Based on arXiv:2104.08469, PRD103, L021501, PRD102,111502(R)




Contents

Experimental results from BESlllandLHCb . . . . . . . . . . . . . . . o oo

1 Theoretical interpretation of Z..(3985) state
Zes(398D) State . . . . e e e e e e e e e
SU@) flavor limit . . . . . o o e e e e e e e e e e e e e e e e e e
Heavy quark spin symmetry (HQSS) . . . . . . . . . . . . . . e
Calculation: Masses and widths . . . . . . . . . . . . L Lo e e e e
Calculation: Decays . . . . . o o v v i e e e e e e e e e e e e e e e e e e
Calculation: Productions . . . . . . . . . . L e e e e e e e e e e e e

2 Theoretical analysis in two-state scheme
If the Z..(3985) and Z.(4000) are two differentstates . . . . . . . . . . . . . .. ... ... ...
Heavy quark spin symmetry violationeffect . . . . . . . . . . . . .. ..o oL
Mixing effectis not significant . . . . . . . . . . . Lo
Dimeson components oftwo states . . . . . . . . . . .. Lo

3 Summary

Lu Meng (& ) | Are the Z .5 (3985) and 000) the same state?




Experimental results from BESIIl and LHCb
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e BESIll:ete™ — K+(D5_D*O + D:_DO) at \/E = 4.681 GeV Lianjin Wu's talk, PRL126,102001
e LHCb:Z.(4000)" and Z.4(4220)" in the J/¢Y K+ of the BT — J /oK™ 2103.01803

(M,T): (3982.5,12.8) MeV VS (4003,131) MeV

Whether they are the same states?

Lu Meng (& %) | Are the Z.5(3985) and Z .5 (4000) the same state?



Theoretical interpretation of Z.,(39385) state
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Z.5(3985) state

o0 e Near-threshold resonances
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! .
E — EunesaMeV] = Z.,Z., Z..: molecular resonances

Composed of two color
singlet hadrons
(during most of its lifetime)

e Hadronic molecule: PRL67,556; RMP90,015004

= loosely bound states

= near-threshold di-hadron resonances
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SU(3) flavor limit

e PV/VP di-meson wave functions
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e 7..(3985): U-spin partner of Z.(3900)~ SU(2) subgroups

e General notation: u,d(I) | d,s(U) | u,s (V)

[PV/VP, £) = —= ([PV) £ [VP))

3|~
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Heavy quark spin symmetry (HQSS)

o /sPISpace — ) s, - 85 + HQSS breaking terms
= The heavy part: spectator

= Heavy spin and light spin are conserved

(V): HQSS partner states

+

< q>{VV} < >{PV/VP +}
1+

qq
<VS>{VV :<Vs¢j>{PV/VP -}

Rearrangement and selection rules: |(¢q1);, (c@2);,; J¥) = |(€0)n(qige)i; J¥)

Example

|PV/VP, +

> \/_ (|OCC’ lhqz’ > |1;C’Ot;1Q2’ >)

7.(3900) ~[DD* /D" D, +) ~ % (Inep) — 17 /o))
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Calculation: Masses and widths

e Coupled-channel Lippmann-Schwinger equations (LSEs):T =V + VGT

Channel 1 2 3 0 V12 V12
Z.JZ. | Jjom  DD*/D'D D'D* Vij= | vz Cat L(p*+p?) Va3
Zes|Zls | J/YK D.D*/D;D D;D* V12 Va3 Ca + %(PQ + p”?)

e Masses and widths of Z.(3900) and Z.(4020) as input

DD'/D'D

D,D"/D'D

« [(M,T) | This work Exp
T | . N | Z. | (3984,27) | (39825,12.8)
’ | L Lz, | (4130,29)

385 3.90 395 400 4.053.95 400 405
Re(V5)[GeV] Re(V5)[GeV]

o /. (3985)2 agree with the experiment results well PRD102,111502(R)

e Predict Z.,(4130), SU(3) partner of Z.(4020) and HQSS partner of Z.,(3985)
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Calculation: Decays

Zo)Zes | £2>10

I
AYYAD %} > 10 % ~1

o Zs) = D(S)D*/DE‘S)D is dominant: fall apart
e 7. — J/yn(K) is suppressed: recluster the heavy quarks

® Z.s:D(syD*/Dp,, D interaction is not attractive enough but confine them for a finite time

” Suppressed 0 Dominant o
% LY

e Coupled-channel effect from J /¢ (K) is tiny PRD102,111502(R)
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Calculation: Productions

e The parameters are extracted from the Z.(3900) data

PRD102,114019; PRD92,092006

e The event distribution of Z.,(3985) are consistent with the experimental results  rroi03, Lo21501
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Theoretical analysis in two-state scheme
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If the Z.,(3985) and Z.,(4000) are two different states

350 ——— ]
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e Neglect the J/¢m and J/¢¥ K channels
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Heavy quark spin symmetry violation effect

n 1 | et +c ct—c
Vi =—| 2 ' « e + NLO term
: - 4o
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dc, HQSS breaking effect, inducing the mixing of |PV/VP, +) and |PV/VP, —)

5 LECs, 4 input: masses and widths of Z..(3985) and Z.,(4000)

Set dc, = 0 and determine the other 4 LECs

Varying éc, to make —0.4 < Ruygsss < 0.4

44c,

Ryqsse = m

2104.08469
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Mixing effect is not significant
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e Relative orders for M and I" do not change
e Mixing angle of |PV/VP, +) and |PV/VP, —) is tiny

2104.08469
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Dimeson components of two states

broad, Z.(4000) Corresponding [PV /VP, +) JLSSEY [VV,1%) «+ Z.,(4220),broad state
tiny mixin Bv /T HASS &y o+ icti
narrow, 7. (3985) Y mixing |[Pv/VP,—) <+—— |VV,2%) < Prediction

® |Z.,(4000))=|D:D/DyD*,+) and Z.,(3985) = |D:D/D,D*, —)
R(Zes = DD/ Z., — D,D*) = 0.5
e Tensor D D* state as the HQSS partner of Z,,(3985).
M =4126£3 MeV, TI'=13+6 MeV.

® 7..(3985) — J/y K is suppressed compared with Z.,(4000) — J /¢ K in the HQSS limit.

- 1 o oA
|PV/VP7 +> = E (lOEC’ qlqz; 1+> - |1EC7 0q1(72; 1+>)
|15V/VP7 _> = |1E_c7 1(1_1(72; 1+>
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Summary
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Summary

e Based on molecule scheme

Z,(3900): 1*(1* ) Z,(4020):1*(1* )| | | 2,(3900): 1+(1* ) Z,(4020): 17 (1* ™) 17(1+%) 17(2+%)
I'=27MeV I' = 25 MeV ['=27MeV HQss I'=25MeV No observation No observation
|DD*) + |D*D) |D*D*) |DD*) + |D*D) (= |D*D*) |DD*) — |D*D) |D*D*)
[ncp) = 1] /) [ncp) + 1 /3pm) [nep) = 1] /by [ncp) + 1] /1bm) 1 /¥p) 1/ ¥p)
@i [s L Jsvee o] e ST st
Z,4(3985): 1*(1+ ") Z.5(4130): 1 (1% )| | | Zes(4000): 1F(1F) Z.5(4220):17(1%)| | Z.5(3985):1"(1%) Zc5(4126):17(2%)
T = 13 MeV T = 28 MeV [ =131MeV |Hgss| T =233 MeV T = 13 MeV T = 13 MeV
— —_ % — — * = — % — x
D, D*) + |Ds”D) D, D) Ds D*) + |Ds D) ps'p7) D5 D*) — | D" D) |D:"D*)
[neK*Y — ] /WK) [neK*) + 1] /WK) [ncK™) = lJ/¥K) [ncK™) + ]/YK) l//¥K") l//¥K")

(a) Z.5(3985) as the SU(3)F partner of Z.(3900).

e Take home messages

(b) Implications Z.4(3985) and Z.;(4000) as two different states.

= Z.+(3985) — J/¢¥ K in suppressed in the two states schemes

= Vector Z.,(4126) in two states schemes

e Compact tetraquark scheme: predict more states (two nonets)
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Thanks for your attention!
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