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l EFT: separation of scales, symmetries (heavy quark, chiral)

Ø Nonrelativistic EFT, chiral EFT

Ø Analysis framework of both experimental and lattice results

l Hadronic molecule: analogues of light nuclei;

dominant component is a composite state of 2 or more hadrons; extended

Ø Concept at large distances, so that can be approximated by system of multi-hadrons at low energies

Ø EFT applicable

Introduction

FKG, Meißner, PRD84(2011)014013; see also Filin et al., PRL105(2010)019101
2

This talk focuses only on EFT at hadronic level; for quark-level EFT treatments of exotic heavy quarkonia (pNRQCD, 
Born-Oppenheimer EFT for hybrid charmonia etc.), see Brambilla, Vairo, Tarrus Castella, Braaten, …

Ø Only narrow hadrons can be considered as components of hadronic molecules, Γ! ≪ 1/𝑟, 𝑟: range of 

forces

Related talks by J. Bulava, A. Pilloni, 
R. Molina, X.-L. Ren, S. Nakamura, …

𝑅 ∼
1
2𝜇𝐸!

> 𝑟hadron



Example 1: Charm-strange mesons
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BaBar (2003)

CLEO (2003)



Example 2: Hidden-charm and double-charm exotics
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Data: LHCb, PRL122 (2019) 222001;
Fit: M.-L. Du, et al., PRL124 (2020) 072001

Σ!"𝐷 Σ!"𝐷∗Σ!∗"𝐷 Σ!∗"𝐷∗

Data: LHCb, Nature Phys. 
18 (2022) 751;
Fit: M.-L. Du et al., 
PRD105 (2022) 014024

$𝑞
𝑐 𝑐

$𝑞

l Charmonium-like states l Hidden-charm pentaquarks

l Double-charm tetraquarks



Charm-strange mesons from chiral EFT and lattice QCD
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l In hadronic molecular model: 𝐷"∗$(2317)[𝐷𝐾], 𝐷"%(2460)[𝐷∗𝐾]

Ø Parameters fixed from fitting to lattice QCD results

Barnes, Close, Lipkin(2003); van Beveren, Rupp(2003); 
Kolomeitsev, Lutz(2004); FKG et al.(2006); …

l Chiral EFT for the scattering between charmed mesons and light pseudoscalar mesons

L. Liu, Orginos, FKG, Hanhart, Meißner, PRD 86 (2013) 014508 
Ø 𝐷𝐾 compositeness of 𝐷"∗$(2317)

Mass of 𝐷"∗$(2317)



Charm-strange mesons from chiral EFT and lattice QCD
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l More exotic states: 53 ⊗ 8 = 15⊕ 6⊕ 53

repulsive
M.Albaladejo, P. Fernandez-Soler, FKG, J. Nieves, PLB 767 (2017) 465 

attractive most
attractive

l Prediction of 𝐼 = 0, 𝐷<𝐾 virtual state confirmed by 
lattice

l Reasonable to expect 𝐷(∗) <𝐾∗ to exist: 𝑇("(2900)

l Solutions to the two problems:

Ø 𝐷"$∗ and 𝐷"% as 𝐷𝐾 and 𝐷∗𝐾 molecular states

Ø Consequence of heavy quark spin symmetry

talk by R. Molina



Charm-strange mesons: smoking guns of molecular structure

7

l 𝐷"#∗ 2317 , 𝐷"%(2460): total width∼ 100	keV



Hadronic decays of 𝑫𝒔𝟏(𝟐𝟒𝟔𝟎)
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l Experimental measurements of 𝐷"%(2460)
M.-N. Tang, Y.-H. Lin, FKG, U.-G. Meißner, CTP 75 (2023) 055203

l Double-bump structure from
Ø 𝐷∗𝐾 (triangle) loops
Ø 𝜋𝜋 FSI

normalizing

solid: full; dashed: w/o 𝜋𝜋 FSI

𝐷∗𝐾 molecule
compact

l 𝐷"% 2460 → 𝐷"𝜋)𝜋*

Ø CHPT results S. Fajfer, A. Prapotnik Brdnik, PRD 92 (2015) 074047 

Both 𝐷" and 𝐷"% were treated statically, so 𝑃-wave
happens between 𝜋) and 𝜋*

⇒ 𝐼(𝜋)𝜋*) = 1 , isospin breaking

ü But isospin is conserved (!!) for P-wave between
𝐷" and isoscalar 𝜋)𝜋*

ü 𝜋𝜋 FSI: region of 𝑓$(500)



Charm-nonstrange mesons
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l More exotic states: 53 ⊗ 8 = 15⊕ 6⊕ 53
M.Albaladejo, P. Fernandez-Soler, FKG, J. Nieves, PLB 767 (2017) 465 

l Two 𝐷$∗ states below 2.5 GeV instead of a single 𝐷$∗(2300)

Ø coupled strongly to 𝐷𝜋, 𝐷" <𝐾, respectively
Ø similar to the two-pole structure of Λ(1405)

repulsive attractive most
attractive

two 𝐷$∗ states

van Beveren, Rupp (2003); Kolomeitsev, Lutz (2004); FKG et al. 

(2006); Albaladejo et al. (2017); Lutz et al. (2022); …

Talks by J. Bulava, B. Cid-Mora, X.-L. Ren

l Fits to LHCb data of 𝐵* → 𝐷)𝜋*𝜋* with the Khuri-Treiman equation: using S-wave 𝐷𝜋 scattering phase from
UCHPT (𝜒+/d.o.f. = 1.2) and from BW (𝜒+/d.o.f. = 2.0) M.-L. Du et al., PRL 126 (2021) 192001 

Data on more B decays consistent 
with two 𝐷$∗ poles analyzed in 
M.-L. Du et al., PRD 98 (2018) 094018; M.-L. 
Du, FKG, U.-G. Meißner, PRD 99 (2019) 114002 

Data: LHCb, PRD 94 (2016) 072001 



Charm-nonstrange mesons
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(Near-)threshold structures

l (Near-)threshold structures (S-wave)
ü Two-channel NREFT at LO: nontrivial (near-)threshold structures for attractive S-wave interaction
ü Peak more pronounced for heavier hadrons and stronger interaction

11

𝑉##$ 𝑉##$ 𝑉##$ 𝑉#%$ 𝑉%#$𝐺#$ 𝐺%$

Ø Similar to the NREFT in T. Cohen, B. Gelman, U. van Kolck, PLB 588 (2004) 57

Ø Difference: here lower channel can be relativistic

Expanding around the higher threshold, 𝐸 is small

X.-K. Dong, FKG, B.-S. Zou, PRL 126 (2021) 152001



(Near-)threshold structures
Ø Structures are process dependent

ü Universality of a dip in 𝑇%% for large scattering length in the higher channel

Poles in complex  
momentum plane:
−0.08 − 𝑖0.37 GeV
−0.08 − 𝑖0.04 GeV
−0.08 − 𝑖0.09 GeV

X.-K. Dong, FKG, B.-S. Zou, PRL 126 (2021) 152001

Distinct line shapes of amplitudes in the same coupled channels with the same poles 12

Pole only One pole and one zero



Example of dips

l In S-wave 𝜋𝜋-𝐾:𝐾 system
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Ø 𝑓$ 980 in 𝐽/𝜓 → 𝜙𝜋)𝜋*

BES, PLB 607 (2005) 243
BES, PLB 598 (2004) 149

Driving channel: 𝐾<𝐾

𝐽/𝜓 → 𝜙𝐾<𝐾 → 𝜙𝜋)𝜋*
Driving channel: 𝜋𝜋

𝐽/𝜓 → 𝜔𝜋𝜋 → 𝜔𝜋)𝜋*

𝐽/𝜓 → 𝜔𝜋)𝜋*

T-matrix elements from 
L.-Y. Dai, M. R. Pennington,  PRD 90 (2014) 036004



Example of dips

Ø S-wave 𝜋Σ → 𝜋Σ scattering

14

J. Bulava et al. [BaSc], arXiv:2307.10413; arXiv:2307.13471;
talks by J. Bulava and B. Cid-Mora

Ø 𝑋(3872) in 𝑒&𝑒' → 𝐽/𝜓𝜋&𝜋'?

BESIII, PRD 107 (2023) 032007



Example of dips

Ø S-wave 𝜋Σ → 𝜋Σ scattering

15

J. Bulava et al. [BaSc], arXiv:2307.10413; arXiv:2307.13471;
talks by J. Bulava and B. Cid-Mora

Ø 𝑋(3872) in 𝑒&𝑒' → 𝐽/𝜓𝜋&𝜋'?

𝜌/𝜔

𝐽/𝜓

Prelim
inary



Attractive hadron pairs: Hidden-charm mesons w/ 𝑷 = +
𝐼, 𝑆 = (0,0)𝐼, 𝑆 = (0,0) ü Model here: light-vector exchanges, single channel, no 

mixing
ü 𝑋(3872) as a <𝐷𝐷∗ bound state
ü L𝑋(3872) COMPASS, PLB783(2018)334

ü <𝐷𝐷 bound state predicted in models C.-Y.Wong (2004); Y.-J.Zhang et 
al. (2006); Gamermann et al. (2007); Nieves, Valderrama (2012); …

by one lattice group
but not by HadSpec, arXiv:2309.14070; arXiv:2309.14071; talk by D. Wilson

Prelovsek et al., JHEP2106,035

16

X.-K. Dong, FKG, B.-S. Zou, Prog. Phys. 41 (2021) 65 

ü 𝑋(3960) in 𝐵) → 𝐷")𝐷"*𝐾) 

Data from LHCb, PRL 131 (2023) 
071901
Fit in 
T. Ji, X.-K. Dong, M. Albaladejo, M.-L. 
Du, FKG, J. Nieves, B.-S. Zou, Sci. 
Bull. 68 (2023) 2056

<latexit sha1_base64="oMM3yb4uwl4hf68w92V5myhxb64="></latexit>
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Hidden-charm mesons: 𝑷 = −
ü 𝑌(4260)/𝜓(4230) as a <𝐷𝐷% bound state
ü 𝜓 4360 , 𝜓(4415): 𝐷∗<𝐷%, 𝐷∗<𝐷+? 
ü Evidence for 1** Λ(<Λ( bound state in BESIII data

• Sommerfeld factor
• Near-threshold pole

Data taken from BESIII, PRL 
120 (2018) 132001;
See also Q.-F. Cao et al., PRD 
100 (2019) 054040

17

Updated BESIII results, 
arXiv:2307.07316



𝝍(𝟒𝟐𝟑𝟎) as a 𝑫𝟏.𝑫molecular state
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L. von Detten, C. Hanhart, V. Baru, arXiv:2309.11970



Closer look at the 𝟎## state
l EFT prediction of an exotic 0** spin partner 𝜓$(4360) [𝐷∗<𝐷%] of 𝜓 4230 , 𝜓 4360 , 𝜓(4415) as 𝐷<𝐷%, 𝐷∗<𝐷%, 𝐷∗<𝐷+

hadronic molecules: consequence of heavy quark spin symmetry

l Robust against  the inclusion of coupled channels and three-body effects 

l May be searched for using 𝑒)𝑒* → 𝜓$𝜂, 𝜓$ → 𝐽/𝜓𝜂, 𝐷<𝐷∗, 𝐷∗<𝐷∗𝜋,…

T. Ji, X.-K. Dong, FKG, B.-S. Zou, PRL 129 (2022) 102002

Molecul
e Components 𝐽"# Threshold 𝐸$

𝜓(4230)
1
2
𝐷 ‾𝐷% − ‾𝐷𝐷% 1&& 4287 67 ± 15

𝜓(4360)
1
2
𝐷∗ ‾𝐷% − ‾𝐷∗𝐷% 1&& 4429 62 ± 14

𝜓(4415)
1
2
𝐷∗ ‾𝐷' − ‾𝐷∗𝐷' 1&& 4472 49 ± 4

𝜓(
1
2
𝐷∗ ‾𝐷% + ‾𝐷∗𝐷% 0&& 4429 𝟔𝟑 ± 𝟏𝟖

𝑀 = 4366 ± 18 MeV,

Γ < 10 MeV

19



Hidden-charm pentaquarks

ü 𝑃( states as <𝐷(∗)Σ(
(∗) molecules

ü The LHCb data can be well described in a 
pionful EFT
M.-L. Du et al., PRL 124 (2020) 072001; JHEP 08 (2021) 157

ü 𝑃("(4459): 2 <𝐷∗Ξ( molecular states

𝐼, 𝑆 = (1/2,0) 𝐼, 𝑆 = (1/2,0)

𝐼, 𝑆 = (0,1) 𝐼, 𝑆 = (0,1)

ü 𝑃(" 4338 : <𝐷Ξ( molecular state

20

X.-K. Dong, FKG, B.-S. Zou, Prog. Phys. 41 (2021) 65 



Double-charm tetraquarks and dibaryons
X.-K. Dong, FKG, B.-S. Zou, CTP 73 (2021) 125201

ü There is an isoscalar 𝐷𝐷∗ molecular state
ü It has a spin partner 1) 𝐷∗𝐷∗ state
ü Many (> 100) other similar double-charm molecular states in other sectors  

𝐼, 𝑆, 𝐵 = (0,0,0) 𝐼, 𝐵 = (0,2)

21

ü 𝑇(((3875) as 𝐷∗𝐷 molecule
ü The LHCb data can be well described in a 

pionful EFT w/ 3-body effects

M.-L. Du et al., PRD 105 (2022) 014024



Three-body effects
l Lattice results on scattering often analyzed using ERE, convergence radius could be significantly reduced by

three-body effects
Ø left-hand cut 
Ø zero of amplitude

22
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D⇤ <latexit sha1_base64="cBCoJfFKdSw5JKW7kKAxE6MFChQ=">AAACJHicbVDLTgJBEJzFF+IL9OhlIzExHggYohwRNfGIUcAEkMwODUyYndnM9BLJZj/Bq/6BX+PNePDitzg8DipW0kmlqjvdXV4guMF8/tNJLC2vrK4l11Mbm1vbO+nMbt2oUDOoMSWUvveoAcEl1JCjgPtAA/U9AQ1veDHxGyPQhit5h+MA2j7tS97jjKKVbi8fjjvpbD6Xn8JdJIU5yZI5qp2Ms9HqKhb6IJEJakyzFGA7oho5ExCnWqGBgLIh7UPTUkl9MO1oemrsHlql6/aUtiXRnao/JyLqGzP2PdvpUxyYv95E/M9rhtgrtSMugxBBstmiXihcVO7kb7fLNTAUY0so09ze6rIB1ZShTefXFkClhKce41SqdY4V6HN5JUdcKzn5OELqhYLqOGohl+PYxlf4G9YiqZ/kCqe54k0xW67Mg0ySfXJAjkiBnJEyuSZVUiOM9MkTeSYvzqvz5rw7H7PWhDOf2SO/4Hx9A8DopRQ=</latexit>

D⇤ <latexit sha1_base64="cBCoJfFKdSw5JKW7kKAxE6MFChQ=">AAACJHicbVDLTgJBEJzFF+IL9OhlIzExHggYohwRNfGIUcAEkMwODUyYndnM9BLJZj/Bq/6BX+PNePDitzg8DipW0kmlqjvdXV4guMF8/tNJLC2vrK4l11Mbm1vbO+nMbt2oUDOoMSWUvveoAcEl1JCjgPtAA/U9AQ1veDHxGyPQhit5h+MA2j7tS97jjKKVbi8fjjvpbD6Xn8JdJIU5yZI5qp2Ms9HqKhb6IJEJakyzFGA7oho5ExCnWqGBgLIh7UPTUkl9MO1oemrsHlql6/aUtiXRnao/JyLqGzP2PdvpUxyYv95E/M9rhtgrtSMugxBBstmiXihcVO7kb7fLNTAUY0so09ze6rIB1ZShTefXFkClhKce41SqdY4V6HN5JUdcKzn5OELqhYLqOGohl+PYxlf4G9YiqZ/kCqe54k0xW67Mg0ySfXJAjkiBnJEyuSZVUiOM9MkTeSYvzqvz5rw7H7PWhDOf2SO/4Hx9A8DopRQ=</latexit>

D⇤

<latexit sha1_base64="cBCoJfFKdSw5JKW7kKAxE6MFChQ=">AAACJHicbVDLTgJBEJzFF+IL9OhlIzExHggYohwRNfGIUcAEkMwODUyYndnM9BLJZj/Bq/6BX+PNePDitzg8DipW0kmlqjvdXV4guMF8/tNJLC2vrK4l11Mbm1vbO+nMbt2oUDOoMSWUvveoAcEl1JCjgPtAA/U9AQ1veDHxGyPQhit5h+MA2j7tS97jjKKVbi8fjjvpbD6Xn8JdJIU5yZI5qp2Ms9HqKhb6IJEJakyzFGA7oho5ExCnWqGBgLIh7UPTUkl9MO1oemrsHlql6/aUtiXRnao/JyLqGzP2PdvpUxyYv95E/M9rhtgrtSMugxBBstmiXihcVO7kb7fLNTAUY0so09ze6rIB1ZShTefXFkClhKce41SqdY4V6HN5JUdcKzn5OELqhYLqOGohl+PYxlf4G9YiqZ/kCqe54k0xW67Mg0ySfXJAjkiBnJEyuSZVUiOM9MkTeSYvzqvz5rw7H7PWhDOf2SO/4Hx9A8DopRQ=</latexit>

D⇤ <latexit sha1_base64="cBCoJfFKdSw5JKW7kKAxE6MFChQ=">AAACJHicbVDLTgJBEJzFF+IL9OhlIzExHggYohwRNfGIUcAEkMwODUyYndnM9BLJZj/Bq/6BX+PNePDitzg8DipW0kmlqjvdXV4guMF8/tNJLC2vrK4l11Mbm1vbO+nMbt2oUDOoMSWUvveoAcEl1JCjgPtAA/U9AQ1veDHxGyPQhit5h+MA2j7tS97jjKKVbi8fjjvpbD6Xn8JdJIU5yZI5qp2Ms9HqKhb6IJEJakyzFGA7oho5ExCnWqGBgLIh7UPTUkl9MO1oemrsHlql6/aUtiXRnao/JyLqGzP2PdvpUxyYv95E/M9rhtgrtSMugxBBstmiXihcVO7kb7fLNTAUY0so09ze6rIB1ZShTefXFkClhKce41SqdY4V6HN5JUdcKzn5OELqhYLqOGohl+PYxlf4G9YiqZ/kCqe54k0xW67Mg0ySfXJAjkiBnJEyuSZVUiOM9MkTeSYvzqvz5rw7H7PWhDOf2SO/4Hx9A8DopRQ=</latexit>

D⇤ <latexit sha1_base64="cBCoJfFKdSw5JKW7kKAxE6MFChQ=">AAACJHicbVDLTgJBEJzFF+IL9OhlIzExHggYohwRNfGIUcAEkMwODUyYndnM9BLJZj/Bq/6BX+PNePDitzg8DipW0kmlqjvdXV4guMF8/tNJLC2vrK4l11Mbm1vbO+nMbt2oUDOoMSWUvveoAcEl1JCjgPtAA/U9AQ1veDHxGyPQhit5h+MA2j7tS97jjKKVbi8fjjvpbD6Xn8JdJIU5yZI5qp2Ms9HqKhb6IJEJakyzFGA7oho5ExCnWqGBgLIh7UPTUkl9MO1oemrsHlql6/aUtiXRnao/JyLqGzP2PdvpUxyYv95E/M9rhtgrtSMugxBBstmiXihcVO7kb7fLNTAUY0so09ze6rIB1ZShTefXFkClhKce41SqdY4V6HN5JUdcKzn5OELqhYLqOGohl+PYxlf4G9YiqZ/kCqe54k0xW67Mg0ySfXJAjkiBnJEyuSZVUiOM9MkTeSYvzqvz5rw7H7PWhDOf2SO/4Hx9A8DopRQ=</latexit>

D⇤

<latexit sha1_base64="cBCoJfFKdSw5JKW7kKAxE6MFChQ=">AAACJHicbVDLTgJBEJzFF+IL9OhlIzExHggYohwRNfGIUcAEkMwODUyYndnM9BLJZj/Bq/6BX+PNePDitzg8DipW0kmlqjvdXV4guMF8/tNJLC2vrK4l11Mbm1vbO+nMbt2oUDOoMSWUvveoAcEl1JCjgPtAA/U9AQ1veDHxGyPQhit5h+MA2j7tS97jjKKVbi8fjjvpbD6Xn8JdJIU5yZI5qp2Ms9HqKhb6IJEJakyzFGA7oho5ExCnWqGBgLIh7UPTUkl9MO1oemrsHlql6/aUtiXRnao/JyLqGzP2PdvpUxyYv95E/M9rhtgrtSMugxBBstmiXihcVO7kb7fLNTAUY0so09ze6rIB1ZShTefXFkClhKce41SqdY4V6HN5JUdcKzn5OELqhYLqOGohl+PYxlf4G9YiqZ/kCqe54k0xW67Mg0ySfXJAjkiBnJEyuSZVUiOM9MkTeSYvzqvz5rw7H7PWhDOf2SO/4Hx9A8DopRQ=</latexit>

D⇤<latexit sha1_base64="pyUQsElZYXUmbRTRWTEjr5SLxr0=">AAACInicbVDLSgNBEJzxGddXokcvi0HwFDYimmOMCh4TMCokQWYnvXFwdmaZ6Q2GZb/Aq/6BX+NNPAl+jJPHwVdBQ1HVTXdXmEhhMQg+6Nz8wuLScmHFW11b39gslraurE4NhzbXUpubkFmQQkEbBUq4SQywOJRwHd6fjv3rIRgrtLrEUQK9mA2UiARn6KTW2W2xHFSCCfy/pDojZTJD87ZEV7t9zdMYFHLJrO3UEuxlzKDgEnKvm1pIGL9nA+g4qlgMtpdNDs39Paf0/UgbVwr9ifp9ImOxtaM4dJ0xwzv72xuL/3mdFKNaLxMqSREUny6KUumj9sdf+31hgKMcOcK4Ee5Wn98xwzi6bH5sAdRahvoh97zuCTZgINS5Ggqj1fjjDFmYSmbyrItCjXIXX/V3WH/J1UGlelQ5bB2W641ZkAWyQ3bJPqmSY1InF6RJ2oQTII/kiTzTF/pK3+j7tHWOzma2yQ/Qzy+IxaR4</latexit>

D
<latexit sha1_base64="pyUQsElZYXUmbRTRWTEjr5SLxr0=">AAACInicbVDLSgNBEJzxGddXokcvi0HwFDYimmOMCh4TMCokQWYnvXFwdmaZ6Q2GZb/Aq/6BX+NNPAl+jJPHwVdBQ1HVTXdXmEhhMQg+6Nz8wuLScmHFW11b39gslraurE4NhzbXUpubkFmQQkEbBUq4SQywOJRwHd6fjv3rIRgrtLrEUQK9mA2UiARn6KTW2W2xHFSCCfy/pDojZTJD87ZEV7t9zdMYFHLJrO3UEuxlzKDgEnKvm1pIGL9nA+g4qlgMtpdNDs39Paf0/UgbVwr9ifp9ImOxtaM4dJ0xwzv72xuL/3mdFKNaLxMqSREUny6KUumj9sdf+31hgKMcOcK4Ee5Wn98xwzi6bH5sAdRahvoh97zuCTZgINS5Ggqj1fjjDFmYSmbyrItCjXIXX/V3WH/J1UGlelQ5bB2W641ZkAWyQ3bJPqmSY1InF6RJ2oQTII/kiTzTF/pK3+j7tHWOzma2yQ/Qzy+IxaR4</latexit>

D
<latexit sha1_base64="pyUQsElZYXUmbRTRWTEjr5SLxr0=">AAACInicbVDLSgNBEJzxGddXokcvi0HwFDYimmOMCh4TMCokQWYnvXFwdmaZ6Q2GZb/Aq/6BX+NNPAl+jJPHwVdBQ1HVTXdXmEhhMQg+6Nz8wuLScmHFW11b39gslraurE4NhzbXUpubkFmQQkEbBUq4SQywOJRwHd6fjv3rIRgrtLrEUQK9mA2UiARn6KTW2W2xHFSCCfy/pDojZTJD87ZEV7t9zdMYFHLJrO3UEuxlzKDgEnKvm1pIGL9nA+g4qlgMtpdNDs39Paf0/UgbVwr9ifp9ImOxtaM4dJ0xwzv72xuL/3mdFKNaLxMqSREUny6KUumj9sdf+31hgKMcOcK4Ee5Wn98xwzi6bH5sAdRahvoh97zuCTZgINS5Ggqj1fjjDFmYSmbyrItCjXIXX/V3WH/J1UGlelQ5bB2W641ZkAWyQ3bJPqmSY1InF6RJ2oQTII/kiTzTF/pK3+j7tHWOzma2yQ/Qzy+IxaR4</latexit>

D
<latexit sha1_base64="pyUQsElZYXUmbRTRWTEjr5SLxr0=">AAACInicbVDLSgNBEJzxGddXokcvi0HwFDYimmOMCh4TMCokQWYnvXFwdmaZ6Q2GZb/Aq/6BX+NNPAl+jJPHwVdBQ1HVTXdXmEhhMQg+6Nz8wuLScmHFW11b39gslraurE4NhzbXUpubkFmQQkEbBUq4SQywOJRwHd6fjv3rIRgrtLrEUQK9mA2UiARn6KTW2W2xHFSCCfy/pDojZTJD87ZEV7t9zdMYFHLJrO3UEuxlzKDgEnKvm1pIGL9nA+g4qlgMtpdNDs39Paf0/UgbVwr9ifp9ImOxtaM4dJ0xwzv72xuL/3mdFKNaLxMqSREUny6KUumj9sdf+31hgKMcOcK4Ee5Wn98xwzi6bH5sAdRahvoh97zuCTZgINS5Ggqj1fjjDFmYSmbyrItCjXIXX/V3WH/J1UGlelQ5bB2W641ZkAWyQ3bJPqmSY1InF6RJ2oQTII/kiTzTF/pK3+j7tHWOzma2yQ/Qzy+IxaR4</latexit>

D
<latexit sha1_base64="pyUQsElZYXUmbRTRWTEjr5SLxr0=">AAACInicbVDLSgNBEJzxGddXokcvi0HwFDYimmOMCh4TMCokQWYnvXFwdmaZ6Q2GZb/Aq/6BX+NNPAl+jJPHwVdBQ1HVTXdXmEhhMQg+6Nz8wuLScmHFW11b39gslraurE4NhzbXUpubkFmQQkEbBUq4SQywOJRwHd6fjv3rIRgrtLrEUQK9mA2UiARn6KTW2W2xHFSCCfy/pDojZTJD87ZEV7t9zdMYFHLJrO3UEuxlzKDgEnKvm1pIGL9nA+g4qlgMtpdNDs39Paf0/UgbVwr9ifp9ImOxtaM4dJ0xwzv72xuL/3mdFKNaLxMqSREUny6KUumj9sdf+31hgKMcOcK4Ee5Wn98xwzi6bH5sAdRahvoh97zuCTZgINS5Ggqj1fjjDFmYSmbyrItCjXIXX/V3WH/J1UGlelQ5bB2W641ZkAWyQ3bJPqmSY1InF6RJ2oQTII/kiTzTF/pK3+j7tHWOzma2yQ/Qzy+IxaR4</latexit>

D

<latexit sha1_base64="pyUQsElZYXUmbRTRWTEjr5SLxr0=">AAACInicbVDLSgNBEJzxGddXokcvi0HwFDYimmOMCh4TMCokQWYnvXFwdmaZ6Q2GZb/Aq/6BX+NNPAl+jJPHwVdBQ1HVTXdXmEhhMQg+6Nz8wuLScmHFW11b39gslraurE4NhzbXUpubkFmQQkEbBUq4SQywOJRwHd6fjv3rIRgrtLrEUQK9mA2UiARn6KTW2W2xHFSCCfy/pDojZTJD87ZEV7t9zdMYFHLJrO3UEuxlzKDgEnKvm1pIGL9nA+g4qlgMtpdNDs39Paf0/UgbVwr9ifp9ImOxtaM4dJ0xwzv72xuL/3mdFKNaLxMqSREUny6KUumj9sdf+31hgKMcOcK4Ee5Wn98xwzi6bH5sAdRahvoh97zuCTZgINS5Ggqj1fjjDFmYSmbyrItCjXIXX/V3WH/J1UGlelQ5bB2W641ZkAWyQ3bJPqmSY1InF6RJ2oQTII/kiTzTF/pK3+j7tHWOzma2yQ/Qzy+IxaR4</latexit>

D
<latexit sha1_base64="pyUQsElZYXUmbRTRWTEjr5SLxr0=">AAACInicbVDLSgNBEJzxGddXokcvi0HwFDYimmOMCh4TMCokQWYnvXFwdmaZ6Q2GZb/Aq/6BX+NNPAl+jJPHwVdBQ1HVTXdXmEhhMQg+6Nz8wuLScmHFW11b39gslraurE4NhzbXUpubkFmQQkEbBUq4SQywOJRwHd6fjv3rIRgrtLrEUQK9mA2UiARn6KTW2W2xHFSCCfy/pDojZTJD87ZEV7t9zdMYFHLJrO3UEuxlzKDgEnKvm1pIGL9nA+g4qlgMtpdNDs39Paf0/UgbVwr9ifp9ImOxtaM4dJ0xwzv72xuL/3mdFKNaLxMqSREUny6KUumj9sdf+31hgKMcOcK4Ee5Wn98xwzi6bH5sAdRahvoh97zuCTZgINS5Ggqj1fjjDFmYSmbyrItCjXIXX/V3WH/J1UGlelQ5bB2W641ZkAWyQ3bJPqmSY1InF6RJ2oQTII/kiTzTF/pK3+j7tHWOzma2yQ/Qzy+IxaR4</latexit>

D

<latexit sha1_base64="pyUQsElZYXUmbRTRWTEjr5SLxr0=">AAACInicbVDLSgNBEJzxGddXokcvi0HwFDYimmOMCh4TMCokQWYnvXFwdmaZ6Q2GZb/Aq/6BX+NNPAl+jJPHwVdBQ1HVTXdXmEhhMQg+6Nz8wuLScmHFW11b39gslraurE4NhzbXUpubkFmQQkEbBUq4SQywOJRwHd6fjv3rIRgrtLrEUQK9mA2UiARn6KTW2W2xHFSCCfy/pDojZTJD87ZEV7t9zdMYFHLJrO3UEuxlzKDgEnKvm1pIGL9nA+g4qlgMtpdNDs39Paf0/UgbVwr9ifp9ImOxtaM4dJ0xwzv72xuL/3mdFKNaLxMqSREUny6KUumj9sdf+31hgKMcOcK4Ee5Wn98xwzi6bH5sAdRahvoh97zuCTZgINS5Ggqj1fjjDFmYSmbyrItCjXIXX/V3WH/J1UGlelQ5bB2W641ZkAWyQ3bJPqmSY1InF6RJ2oQTII/kiTzTF/pK3+j7tHWOzma2yQ/Qzy+IxaR4</latexit>

D

<latexit sha1_base64="pyUQsElZYXUmbRTRWTEjr5SLxr0=">AAACInicbVDLSgNBEJzxGddXokcvi0HwFDYimmOMCh4TMCokQWYnvXFwdmaZ6Q2GZb/Aq/6BX+NNPAl+jJPHwVdBQ1HVTXdXmEhhMQg+6Nz8wuLScmHFW11b39gslraurE4NhzbXUpubkFmQQkEbBUq4SQywOJRwHd6fjv3rIRgrtLrEUQK9mA2UiARn6KTW2W2xHFSCCfy/pDojZTJD87ZEV7t9zdMYFHLJrO3UEuxlzKDgEnKvm1pIGL9nA+g4qlgMtpdNDs39Paf0/UgbVwr9ifp9ImOxtaM4dJ0xwzv72xuL/3mdFKNaLxMqSREUny6KUumj9sdf+31hgKMcOcK4Ee5Wn98xwzi6bH5sAdRahvoh97zuCTZgINS5Ggqj1fjjDFmYSmbyrItCjXIXX/V3WH/J1UGlelQ5bB2W641ZkAWyQ3bJPqmSY1InF6RJ2oQTII/kiTzTF/pK3+j7tHWOzma2yQ/Qzy+IxaR4</latexit>

D

<latexit sha1_base64="pyUQsElZYXUmbRTRWTEjr5SLxr0=">AAACInicbVDLSgNBEJzxGddXokcvi0HwFDYimmOMCh4TMCokQWYnvXFwdmaZ6Q2GZb/Aq/6BX+NNPAl+jJPHwVdBQ1HVTXdXmEhhMQg+6Nz8wuLScmHFW11b39gslraurE4NhzbXUpubkFmQQkEbBUq4SQywOJRwHd6fjv3rIRgrtLrEUQK9mA2UiARn6KTW2W2xHFSCCfy/pDojZTJD87ZEV7t9zdMYFHLJrO3UEuxlzKDgEnKvm1pIGL9nA+g4qlgMtpdNDs39Paf0/UgbVwr9ifp9ImOxtaM4dJ0xwzv72xuL/3mdFKNaLxMqSREUny6KUumj9sdf+31hgKMcOcK4Ee5Wn98xwzi6bH5sAdRahvoh97zuCTZgINS5Ggqj1fjjDFmYSmbyrItCjXIXX/V3WH/J1UGlelQ5bB2W641ZkAWyQ3bJPqmSY1InF6RJ2oQTII/kiTzTF/pK3+j7tHWOzma2yQ/Qzy+IxaR4</latexit>

D

<latexit sha1_base64="+WYBA/W7XJVStx+ftjNAkzuyEJw=">AAACJHicbVBNS8NAEN34bepHq0cvwSJ4Kq2I9lgrgkdFW4UmlM122i5udsPupFhCfoJX/Qf+Gm/iwYu/xU3bg1YfDDzem2FmXhgLbrBa/XQWFpeWV1bX1t3CxubWdrG00zYq0QxaTAml70NqQHAJLeQo4D7WQKNQwF34cJ77dyPQhit5i+MYgogOJO9zRtFKN37Mu8VytVKdwPtLajNSJjNcdUtOwe8plkQgkQlqTKceY5BSjZwJyFw/MRBT9kAH0LFU0ghMkE5OzbwDq/S8vtK2JHoT9edESiNjxlFoOyOKQzPv5eJ/XifBfj1IuYwTBMmmi/qJ8FB5+d9ej2tgKMaWUKa5vdVjQ6opQ5vOry2ASolQPWau659hEwZcXsgR10rmH6dIw0RQnaU+cjnObHy1+bD+kvZRpXZSOb4+LjeasyDXyB7ZJ4ekRk5Jg1ySK9IijAzIE3kmL86r8+a8Ox/T1gVnNrNLfsH5+gZ4J6V9</latexit>⇡

<latexit sha1_base64="bwsLLDp/HLS1eOiw82eBxXwS0Es="></latexit>c3
<latexit sha1_base64="8Ur06waWIoKIHihU3pfoFUVYhWY="></latexit>c2

+
<latexit sha1_base64="cBCoJfFKdSw5JKW7kKAxE6MFChQ=">AAACJHicbVDLTgJBEJzFF+IL9OhlIzExHggYohwRNfGIUcAEkMwODUyYndnM9BLJZj/Bq/6BX+PNePDitzg8DipW0kmlqjvdXV4guMF8/tNJLC2vrK4l11Mbm1vbO+nMbt2oUDOoMSWUvveoAcEl1JCjgPtAA/U9AQ1veDHxGyPQhit5h+MA2j7tS97jjKKVbi8fjjvpbD6Xn8JdJIU5yZI5qp2Ms9HqKhb6IJEJakyzFGA7oho5ExCnWqGBgLIh7UPTUkl9MO1oemrsHlql6/aUtiXRnao/JyLqGzP2PdvpUxyYv95E/M9rhtgrtSMugxBBstmiXihcVO7kb7fLNTAUY0so09ze6rIB1ZShTefXFkClhKce41SqdY4V6HN5JUdcKzn5OELqhYLqOGohl+PYxlf4G9YiqZ/kCqe54k0xW67Mg0ySfXJAjkiBnJEyuSZVUiOM9MkTeSYvzqvz5rw7H7PWhDOf2SO/4Hx9A8DopRQ=</latexit>

D⇤

<latexit sha1_base64="cBCoJfFKdSw5JKW7kKAxE6MFChQ=">AAACJHicbVDLTgJBEJzFF+IL9OhlIzExHggYohwRNfGIUcAEkMwODUyYndnM9BLJZj/Bq/6BX+PNePDitzg8DipW0kmlqjvdXV4guMF8/tNJLC2vrK4l11Mbm1vbO+nMbt2oUDOoMSWUvveoAcEl1JCjgPtAA/U9AQ1veDHxGyPQhit5h+MA2j7tS97jjKKVbi8fjjvpbD6Xn8JdJIU5yZI5qp2Ms9HqKhb6IJEJakyzFGA7oho5ExCnWqGBgLIh7UPTUkl9MO1oemrsHlql6/aUtiXRnao/JyLqGzP2PdvpUxyYv95E/M9rhtgrtSMugxBBstmiXihcVO7kb7fLNTAUY0so09ze6rIB1ZShTefXFkClhKce41SqdY4V6HN5JUdcKzn5OELqhYLqOGohl+PYxlf4G9YiqZ/kCqe54k0xW67Mg0ySfXJAjkiBnJEyuSZVUiOM9MkTeSYvzqvz5rw7H7PWhDOf2SO/4Hx9A8DopRQ=</latexit>

D⇤ <latexit sha1_base64="pyUQsElZYXUmbRTRWTEjr5SLxr0=">AAACInicbVDLSgNBEJzxGddXokcvi0HwFDYimmOMCh4TMCokQWYnvXFwdmaZ6Q2GZb/Aq/6BX+NNPAl+jJPHwVdBQ1HVTXdXmEhhMQg+6Nz8wuLScmHFW11b39gslraurE4NhzbXUpubkFmQQkEbBUq4SQywOJRwHd6fjv3rIRgrtLrEUQK9mA2UiARn6KTW2W2xHFSCCfy/pDojZTJD87ZEV7t9zdMYFHLJrO3UEuxlzKDgEnKvm1pIGL9nA+g4qlgMtpdNDs39Paf0/UgbVwr9ifp9ImOxtaM4dJ0xwzv72xuL/3mdFKNaLxMqSREUny6KUumj9sdf+31hgKMcOcK4Ee5Wn98xwzi6bH5sAdRahvoh97zuCTZgINS5Ggqj1fjjDFmYSmbyrItCjXIXX/V3WH/J1UGlelQ5bB2W641ZkAWyQ3bJPqmSY1InF6RJ2oQTII/kiTzTF/pK3+j7tHWOzma2yQ/Qzy+IxaR4</latexit>

D

<latexit sha1_base64="pyUQsElZYXUmbRTRWTEjr5SLxr0=">AAACInicbVDLSgNBEJzxGddXokcvi0HwFDYimmOMCh4TMCokQWYnvXFwdmaZ6Q2GZb/Aq/6BX+NNPAl+jJPHwVdBQ1HVTXdXmEhhMQg+6Nz8wuLScmHFW11b39gslraurE4NhzbXUpubkFmQQkEbBUq4SQywOJRwHd6fjv3rIRgrtLrEUQK9mA2UiARn6KTW2W2xHFSCCfy/pDojZTJD87ZEV7t9zdMYFHLJrO3UEuxlzKDgEnKvm1pIGL9nA+g4qlgMtpdNDs39Paf0/UgbVwr9ifp9ImOxtaM4dJ0xwzv72xuL/3mdFKNaLxMqSREUny6KUumj9sdf+31hgKMcOcK4Ee5Wn98xwzi6bH5sAdRahvoh97zuCTZgINS5Ggqj1fjjDFmYSmbyrItCjXIXX/V3WH/J1UGlelQ5bB2W641ZkAWyQ3bJPqmSY1InF6RJ2oQTII/kiTzTF/pK3+j7tHWOzma2yQ/Qzy+IxaR4</latexit>

D

+ …
<latexit sha1_base64="cBCoJfFKdSw5JKW7kKAxE6MFChQ=">AAACJHicbVDLTgJBEJzFF+IL9OhlIzExHggYohwRNfGIUcAEkMwODUyYndnM9BLJZj/Bq/6BX+PNePDitzg8DipW0kmlqjvdXV4guMF8/tNJLC2vrK4l11Mbm1vbO+nMbt2oUDOoMSWUvveoAcEl1JCjgPtAA/U9AQ1veDHxGyPQhit5h+MA2j7tS97jjKKVbi8fjjvpbD6Xn8JdJIU5yZI5qp2Ms9HqKhb6IJEJakyzFGA7oho5ExCnWqGBgLIh7UPTUkl9MO1oemrsHlql6/aUtiXRnao/JyLqGzP2PdvpUxyYv95E/M9rhtgrtSMugxBBstmiXihcVO7kb7fLNTAUY0so09ze6rIB1ZShTefXFkClhKce41SqdY4V6HN5JUdcKzn5OELqhYLqOGohl+PYxlf4G9YiqZ/kCqe54k0xW67Mg0ySfXJAjkiBnJEyuSZVUiOM9MkTeSYvzqvz5rw7H7PWhDOf2SO/4Hx9A8DopRQ=</latexit>

D⇤

<latexit sha1_base64="cBCoJfFKdSw5JKW7kKAxE6MFChQ=">AAACJHicbVDLTgJBEJzFF+IL9OhlIzExHggYohwRNfGIUcAEkMwODUyYndnM9BLJZj/Bq/6BX+PNePDitzg8DipW0kmlqjvdXV4guMF8/tNJLC2vrK4l11Mbm1vbO+nMbt2oUDOoMSWUvveoAcEl1JCjgPtAA/U9AQ1veDHxGyPQhit5h+MA2j7tS97jjKKVbi8fjjvpbD6Xn8JdJIU5yZI5qp2Ms9HqKhb6IJEJakyzFGA7oho5ExCnWqGBgLIh7UPTUkl9MO1oemrsHlql6/aUtiXRnao/JyLqGzP2PdvpUxyYv95E/M9rhtgrtSMugxBBstmiXihcVO7kb7fLNTAUY0so09ze6rIB1ZShTefXFkClhKce41SqdY4V6HN5JUdcKzn5OELqhYLqOGohl+PYxlf4G9YiqZ/kCqe54k0xW67Mg0ySfXJAjkiBnJEyuSZVUiOM9MkTeSYvzqvz5rw7H7PWhDOf2SO/4Hx9A8DopRQ=</latexit>

D⇤ <latexit sha1_base64="pyUQsElZYXUmbRTRWTEjr5SLxr0=">AAACInicbVDLSgNBEJzxGddXokcvi0HwFDYimmOMCh4TMCokQWYnvXFwdmaZ6Q2GZb/Aq/6BX+NNPAl+jJPHwVdBQ1HVTXdXmEhhMQg+6Nz8wuLScmHFW11b39gslraurE4NhzbXUpubkFmQQkEbBUq4SQywOJRwHd6fjv3rIRgrtLrEUQK9mA2UiARn6KTW2W2xHFSCCfy/pDojZTJD87ZEV7t9zdMYFHLJrO3UEuxlzKDgEnKvm1pIGL9nA+g4qlgMtpdNDs39Paf0/UgbVwr9ifp9ImOxtaM4dJ0xwzv72xuL/3mdFKNaLxMqSREUny6KUumj9sdf+31hgKMcOcK4Ee5Wn98xwzi6bH5sAdRahvoh97zuCTZgINS5Ggqj1fjjDFmYSmbyrItCjXIXX/V3WH/J1UGlelQ5bB2W641ZkAWyQ3bJPqmSY1InF6RJ2oQTII/kiTzTF/pK3+j7tHWOzma2yQ/Qzy+IxaR4</latexit>

D

<latexit sha1_base64="pyUQsElZYXUmbRTRWTEjr5SLxr0=">AAACInicbVDLSgNBEJzxGddXokcvi0HwFDYimmOMCh4TMCokQWYnvXFwdmaZ6Q2GZb/Aq/6BX+NNPAl+jJPHwVdBQ1HVTXdXmEhhMQg+6Nz8wuLScmHFW11b39gslraurE4NhzbXUpubkFmQQkEbBUq4SQywOJRwHd6fjv3rIRgrtLrEUQK9mA2UiARn6KTW2W2xHFSCCfy/pDojZTJD87ZEV7t9zdMYFHLJrO3UEuxlzKDgEnKvm1pIGL9nA+g4qlgMtpdNDs39Paf0/UgbVwr9ifp9ImOxtaM4dJ0xwzv72xuL/3mdFKNaLxMqSREUny6KUumj9sdf+31hgKMcOcK4Ee5Wn98xwzi6bH5sAdRahvoh97zuCTZgINS5Ggqj1fjjDFmYSmbyrItCjXIXX/V3WH/J1UGlelQ5bB2W641ZkAWyQ3bJPqmSY1InF6RJ2oQTII/kiTzTF/pK3+j7tHWOzma2yQ/Qzy+IxaR4</latexit>

D

<latexit sha1_base64="+WYBA/W7XJVStx+ftjNAkzuyEJw=">AAACJHicbVBNS8NAEN34bepHq0cvwSJ4Kq2I9lgrgkdFW4UmlM122i5udsPupFhCfoJX/Qf+Gm/iwYu/xU3bg1YfDDzem2FmXhgLbrBa/XQWFpeWV1bX1t3CxubWdrG00zYq0QxaTAml70NqQHAJLeQo4D7WQKNQwF34cJ77dyPQhit5i+MYgogOJO9zRtFKN37Mu8VytVKdwPtLajNSJjNcdUtOwe8plkQgkQlqTKceY5BSjZwJyFw/MRBT9kAH0LFU0ghMkE5OzbwDq/S8vtK2JHoT9edESiNjxlFoOyOKQzPv5eJ/XifBfj1IuYwTBMmmi/qJ8FB5+d9ej2tgKMaWUKa5vdVjQ6opQ5vOry2ASolQPWau659hEwZcXsgR10rmH6dIw0RQnaU+cjnObHy1+bD+kvZRpXZSOb4+LjeasyDXyB7ZJ4ekRk5Jg1ySK9IijAzIE3kmL86r8+a8Ox/T1gVnNrNLfsH5+gZ4J6V9</latexit>⇡
<latexit sha1_base64="qaFZOXA+nIZiyOMzybSeumrcHuI=">AAACJHicdVDJSgNBEO2JW0xcEj16GQyCp5BI0BxjRPDgIaJZIAmhp1NJmvR0D901wWGYT/Cqf+DXeBMPXvwWJ4tgXB4UPN6roqqe4wlusFB4txIrq2vrG8nNVHpre2c3k91rGOVrBnWmhNIthxoQXEIdOQpoeRqo6whoOuOLqd+cgDZcyTsMPOi6dCj5gDOKsXTLete9TK6YL8xgF36RLytHFqj1sla601fMd0EiE9SYdtnDbkg1ciYgSnV8Ax5lYzqEdkwldcF0w9mpkX0UK317oHRcEu2Z+n0ipK4xgevEnS7FkfnpTcW/vLaPg3I35NLzESSbLxr4wkZlT/+2+1wDQxHEhDLN41ttNqKaMozTWdoCqJRw1H2USnXOsQpDLi/lhGslpx+HSB1fUB2FHeQyiL7H9z9pnOSLp/nSTSlXqS6CTJIDckiOSZGckQq5IjVSJ4wMyQN5JE/Ws/VivVpv89aEtZjZJ0uwPj4BNeylVw==</latexit>cL

<latexit sha1_base64="bwsLLDp/HLS1eOiw82eBxXwS0Es="></latexit>c3
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Lattice QCD data:
M. Padmanath, S. Prelovsek, PRL 129 (2022) 032002
Fit: M.-L. Du et al., PRL 131 (2023) 131903

A. Raposo, M. Hansen, PoS Lattice2022, 051; S. Dawid et al., PRD 108 (2023) 034016; M.-L. Du et al., PRL 131 (2023) 131903 

Ø zero of amplitude for 3-body system known before for 𝑛𝑑, 𝑛-
one-neutron-halo (11Be, 19C, …) scattering

W.T.H. van Oers, J.D. Seagrave, PLB 24 (1967) 562; M. T. Yamashita, T. Frederico, L. Tomio, 
PLB 670 (2008) 49; X. Zhang et al., PRC 108 (2023) 044304…

[red: S-wave, black: 𝑙 ≤ 4]

X. Zhang, H.-L. Fu, FKG, H.-W. Hammer, PRC 108 (2023) 044304



Conclusion

l Near-threshold structures can be analyzed with hadronic EFT
l EFT + lattice + precise measurements => new insights into hadron spectroscopy
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