B.3: Hadronic molecules with
heavy meson loops
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# of publications

30 publications since 2020

The number of publications with
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The number of publications among
the CRC collaboration is 15

[ papers in arXiv

All these papers focus on the
subject of B.3



The goals of the 3rd FP

(D Extend the EFT formulae in the bottom system to the charm system
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(@ Construct the EFT model for the (D, D,) — (D, D*) scattering

On going
@ The SU(3) flavor symmetry breaking effect, m_ # my # m,,

Baru, Epelbaum, Filin, CH, Nefediev, PRD105(2022)034014

@ The role of the AC(2595)D(*) in the formation of the hidden charm pentaquarks

Du, Baru, Guo, CH, Meif3ner, Oller, and QW, JHEP08(2021)157, Zhang, Liu, Hu, QW, Mei@ner, Sci.Bull.68(2023)981, Duan,
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® The role of triangle singularity in various processes
Du, Cheng, QZ, PRD106(2022)054019, Du, QZ, PRD104(2021)036008, Cheng, QZ, PRD105(2022)076023
® Others: fully charm systems
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Representative 1 (77')

LHCDb, arXiv:2109.01038

Breit-Wigner fit .
Nature Physics (2022)
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Representative 1 (1)

One-channel Effective Range Expansion (ERE)

2 I 1
—ZTRe[T(E)™"] = kcot§ = — +—rk> + O(k*) One channel
Iz a 2 .
Regular potential
No CDD pole

Scattering length a: a > 0 mild attractive, a < O repulsive

Effective range r

(e )

a = —_
2-72) v p
1 L _

Molecule:a =» — — & r—->— Z->0 w.f. renormalization factor: Z

4 p The probability to find HM in w.f.:

1
Compact:a > —— & r—>—o00 Z-1 ) N

a

-----------------------------------------------------

—r < 11.9(16.9) fm 90(95) % CL.

Z < 0.52(0.58) fm 90(95) % CL.

* Compact tetraquark?!

Baru, Dong, Du, Filin, Guo, CH, Nefediev, Nieves, QW, PLB833(2022)137290
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Two-channel scattering amplitude

gagb

Ja(E) = — >D(E)

Denominator
i
DE)=E—-E + 5 <g12k1 + grk, + Z Fi(E)>

The three momentum

ka — \/2/’£a(E _ 5a)®(E _ 5a) + i\/zﬂa(éa _ E)®(5a —E)

0.30
The pole position on physical sheet 0.25?“
1 0.205- ié”
E, = E—(gin + &) ot :
Large correlation 003} g
0.00F

Baru, Dong, Du, Filin, Guo, CH, Nefediev, Nieves, QW, PLB833(2022)137290
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Representative 1 (77')

1
To remove the correlation between g1 and £, E,=E + ) (glz}/l + 8227/2)

D(E)=E—Ep+é<812(k1 17’1)+82(k2 17’2)+ZF(E)>

Expand in terms of k;

4
ky =i 2, | 6, — — 2,0, — — ki +0 .
2 \ 2 207 252 1257

gt

vilu + gt + 85(ra — \/2120,) + il

U
a=— _Re[T(E)]klzzo —
27

*

;= — iiRe[T(E)] I |k2 - _ 2 & H2_ Alarge negative correction!
gt dk> gt &t \| 2uib,
Lo\ 12 The realistic calculation with OPE see
Compositness X, <1 217 l) Meng-Lin Du and Lin Qiu’s talk on Sat.

Baru, Dong, Du, Filin, Guo, CH, Nefediev, Nieves, QW, PLB833(2022)137290
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Representative 2 (P)

e Close to the (D™ threshold, as HM

candidates
e The EFT formula for the hidden charm

pentaquarks

Du, Baru, Guo, CH, MeiBner, Oller, and QW,
PRL124(2020)072001

* The role of the light diquark conserved

channel A_D®) 2
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Du, Baru, Guo, CH, Meifner, Oller, and QW, JHEP08(2021)157

(D pure contact potential w/o ACD(*)

@ Scheme I+OPE+SD LECs w/o A D™

@ contact + OPE+SD LECs w/ A D™



Representative 2 (P)

Scheme I: pure contact potential w/o A D
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Representative 2 (P)

Scheme II: Scheme I+OPE+SD LECs w/o A D™
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presentative 2 (P)

Scheme II: Scheme I+OPE+SD LECs w/o A D™
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Representative 2 (P)

Scheme llI: contact + OPE+SD LECs w/ ACD(*)

Solution B
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@ Different curves for different backgrounds

@ Four P, signal in 17.p channel

@ J/wp data cannot determine ACD(*)contribution

Du, Baru, Guo, CH, Meifner, Oller, and QW, JHEP08(2021)157
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Candidates

Representative 2 (P)

Scheme llI: contact + OPE+SD LECs w/ ACD(*)
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Representative 2 (P)

Multi-body decay of hidden charm pentaquarks

N
(6]

D Multi-body invariant mass is important

N
o

@ The J/wp, Jlypr invariant mass

> 1330 CL : : : ,
= 15} = distribution is a key to pin down the P.’s
10 ©
% | %20 .
£10f £ . HM picture
it i :
5 10 | 'E
LI For more details, see Ming-Xiao Duan’s
N~ o E i TR
T R talk on Sat.

412 413 414 415 4.16 417 418 427 428 429 430 431
My, (GeV) Mo (GEV)

Duan, Qiu, Ling, QZ, arXiv:2303.13320[hep-ph]
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Representative 3 (TS)

Comprehensive study of light axial vector mesons with the presence of TS

e The peak position in exp. O(E)
dO(E) d*O(E
|E=m =0 ( ) |E= <
dE d2E m

* The role of TS on the lineshapes

Z.(3900), P., X(3872), n(1405), n(1475)---

A (P)
C
Guo, Liu, Sakai, Prog.Part.Nucl.Phys.112(2020)103757
e Systematic study a series of light axial vector decays
H(f) — apnw = nax ai = p'n” > tnTa ai — f,(980)r~ - ntn T n”
f(f)) = KK= f1 = f6(980)7r — atrnd hi - ¢n - KKn

Jly = bfn~+c.c. > KKn'n~ Du, QZ, PRD104(2021)036008
17



Representative 3 (TS)

A Jly — vfilfy = ynan

0.5

—— Total

——— aoJT tree

—.— agJt triangle

dr
dMKRn

0.06 +

0.04+

0.02+

----- KK B B
— — aqrt Tot. x2 Ao )
— == QaoITtree x2 fl(fl')/ /
----- ~ g7t Tri. x2 K*(K") \
T

o f1(1285)+ TS is insufficient for the structure of the f;(1420)

e 11(1420) has a large coupling to K*K channel

« A genuine f;(1420) is needed, if the peak structure appear in #zz channel

18

Du, QZ, PRD104(2021)036008



Representative 3 (TS)

OZI violation process

1.0 ! T T d T T T T T - r r T 4
----- poﬂ"x10'2

Jlw = bfn+c.c. = ¢pn*n™ — pua

JIhy = vy, = ra(1260)n — y4rn :

08¢ foﬂ'tri.
— — fyrttree
5 i .
g 0.6 fort tot. K
S Lm( 0.4 ‘
T ) .

I o / '
- "' //
.’ -~
/ —
0.0 a— — " N
1.0 11 1.2 1.3 1.4 1.5 1.6
s [GeV]

e a,(1260)+ TS is sufficient to produce the structure of a;(1420)

e b;(1235)+TS can produce peak structure around 1.4 GeV

e Predict the ratio _ BR(b{ - ¢nt — KKn)

R, = = 1.8 x 10™* < 0.004(Exp.)
' BR(b{ = wnt)(S — wave)

Du, QZ, PRD104(2021)036008
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Summary and OUthOk Thank you for your attention!

(D Extend the EFT formulae in the bottom system to the charm system T:
@ Construct the EFT model for the (D, D,) — (D, D*) scattering Y(4260)
@ The SU() flavor symmetry breaking effect, m, # my # m, Z.

@ The role of the A (2595)D"™ in the formation of the hidden pentaquarks P,

® The role of triangle singularity in various processes a,, fi, hy

©® Others: fully charm systems

- Set up formulae and achieve some progresses

- Set up formulae and produce numerical results

- Set up formulae, lack of exp. data

It is not the end of story!

Numerous interesting works are still waiting for us!

20
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Publications (2020-now)

* Charmed-strange tetraquarks and their decays in the potential quark model
Liu, Ni, Zhong, QZ, PRD107(2023)096020
e Pseudoscalar charmonium pair interactions via the Pomeron exchange mechanism

Gong, Du, QZ, PRD106(2022)054011

* \ertex corrections due to the triangle singularity mechanism in the light axial vector meson couplings to
K*K+c.c.
Du, Cheng, QZ, PRD106(2022)054019

o Update on strong and radiative decays of the D;‘a(2317) and D,,(2460) and their bottom cousins

Fu, GrieBhammer, Guo, CH, Meifner, EPJA58(2022)70
e Coupled-channel approach to TCJ.E. including three-body effects
Du, Baru, Dong, Fillin, Guo, CH, Nefediev, and QW, PRD105(2022)014024

e Towards the establishment of the light JPO = 1) hybrid nonet
Qiu, QZ, CPC46(2022)051001

e Study of heavy quark conserving weak decays in the quark model
Niu, QW, QZ, PLB826(2022)136916



Publications (2020-now)

e Isospin-conserving hadronic decay of the D, ;(2460) into D .z* 7~
Tang, Lin, Guo, CH, Mei3ner, Commun.Theor.Phys75(2023)055203

e Do near-threshold molecular states mix with neighboring QQ states?

CH, Nefediev, PRD106(2022)114003
« Update on strong and radiative decays of the D;‘z)(2317) and D (2460) and their bottom cousins
Fu, GrieBhammer, Guo, CH, MeifBner, EPJA58(2022)70

» Effective range expansion for narrow near-threshold resonances
Baru, Dong, Du, Filin, Guo, CH, Nefediev, Nieves, QW, PLB833(2022)137290

e Is Z.(3982) a molecular partner of Z.(3900) and Z.(4020) states?
Baru, Epelbaum, Filin, CH, Nefediev, PRD105(2022)034014

e |s the existence of a J/yJ/y bound state plausible?
Dong, Baru, Guo, CH, Nefediev, Zou, Sci.Bull.66(2021)2462

« Remarks on non-perturbative three-body dynamics and its application to KKK system
Zhang, CH, Meifner, Xie, EPJA58(2022)20

e Comprehensive study of light axial vector mesons with presence of triangle singularity
Du, QZ, PRD104(2021)036008



Publications (2020-now)

 Revisiting the nature of the P, pentaquarks

Du, Baru, Guo, CH, MeiBner, Oller, and QW, JHEP08(2021)157
e Where is the lightest charmed scalar meson?
Du, Guo, CH, Kubis, Meifner, PRL126(2021)192001

e Coupled-Channel Interpretation of the LHCb Double-J/y Spectrum and Hints of a New State Near the

J/yJ/y Threshold
Dong, Baru, Guo, CH, Nefediev, PRL127(2021)119901
e Towards an improved understanding of # — y*y*
Holz, Plenter, Xiao, Dato, CH, Kubis, Mei3ner, Wirzba, EPJC81(2021)1002
e Revealing the nature of hidden charm pentaquarks with machine learning
Zhang, Liu, Hu, QW, Meif3ner, Sci.Bull.68(2023)981
e The third peak structure in the double J/y spectrum
Niu, Zhang, QW, Du, Sci.Bull.68(2023)800

« Molecular Nature of X(3872) in B - KYX(3872) and B* — K*X(3872) Decays
Wang, Geng, QW, Xie, CPL40(2023)021301

* Approach the Gell-Mann-Okubo Formula with Machine Learning
Zhang, Ma, Hu, QW, CPL39(2022)111201



Publications (2020-now)

« Theoretical study on the contributions of @ meson to the X(3872) — J/wztn~ and J/wnTn~n"
decays

Wang, QW, Xie, PRD106(2022)056022
e Investigating the isospin property of T:,E, from its Dalitz plot distribution

Shi, Wang, QW, PRD106(2022)096012

e Study of exotic hadrons with machine learning

Liu, Zhang, Hu, QW, PRD105(2022)076013

* Lineshape of the compact fully heavy tetraquark

Zhuang, Zhang, Ma, QW, PRD105(2022)054026

e Production of doubly charmed exotic hadrons in heavy ion collisions
Hu, Liao, Wang, QW, Xing, PRD104(2021)L111502

* Prompt production of hidden charm pentaquarks in the LHC

Ling, Dai, Du, QW, EPJC81(2021)819



Papers on arXiv (2020-now)

* Role of left-hand cut contributions on pole extractions from lattice data: Case study for 7. .(3875)%
Du, Fillin, Baru, Dong, Epelbaum, Guo, CH, Nefediev, Juan Nieves, and QW, arXiv:2303.09441[hep-
ph]
« Can the two-pole structure of the DF*(2300) be understood from recent lattice data?
Asokan, Tang, Guo, CH, Kamiya, Meifner, arXiv:2212.07856[hep-ph]
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