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Study the spectrum of the hadrons
• New generation of experiments are running or are in preparation at CERN, Mainz, Bonn GSI, JLab, BESIII and Belle
• Precise and abundant data requires an adequate analysis
• Collaborative effort between experimental and theory: observables need to be interpreted using robust methods that
rely only on the basic theoretical principles, and compared to the best solutions provided by the fundamental theory of
the strong interaction via LQCD or systematic effective field theory expansions

HaSP aims to coordinate the leading European institutions active in hadron spectroscopy to
make progress in
• Developing a theoretical, phenomenological and computational foundations for amplitudes
• establishment of best practices for accessing systematic uncertainties in analysis of hadron reaction data and
interpretation of physics results
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Light and heavy-quark hadron spectroscopy (HaSp)

Task 1: Precision calculations in non-perturbative QCD (I)
• QCD Effective Field Theories: description of low energy hadronic phenomenology and properties of excited states (C.Hanhart - FZJ)
• Heavy hadrons Decay: Dalitz-plot, EFT, exotic resonances nature, isospin or CP violations (D.Rodriguez-Entem - USAL)

Task 2: Precision calculations in non-perturbative QCD (II)
• EFTs control extrapolations to physical kinematics covering regions not yet reachable in the lattice (A.Parreño – UB – A.Lovato - ANL)
• Precision spectroscopy of exotic and excited states in quarkonia using EFT combined with significant advancements in LQCD (A.Vairo - TUM)
• Heavy quarkonia in heavy-ion experiments and their suppressed production (A.Vairo - TUM)

Task 3: Meson Spectroscopy analysis of new and exotic states
• Search for and study of light exotic mesons, charmonium and strangeonium (V.Mathieu -UCM)
• Spectroscopy of low-lying scalars, strange mesons and strangeonia (S.Schadmand - FZJ)

Task 4: Baryon and multi-baryon spectroscopy
• Resonance parameter determination (M.Ostrick – Mainz)
• Diffractive and annihilation production and exotic baryon (A.D’Angelo – URM-TV)
• Dibaryon structure and parameter determination(D.Watts – UYork)
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Progress in Task 1.1: development and application of EFTs

By employing ChPT, HQET or Quarkonium Non Relativistic
EFTs, combined with unitarization methods and dispersive
techniques, we have made significant progress in our goal of
establishing a robust framework for studying QCD in the non-
perturbative regime.

q spectrum and phenomenology of (exotic) hadrons in the
free space: 	"#∗ 	, &'∗, (',#∗ , (''(∗), pentaquarks, …

q phenomenology of (exotic) hadrons in hot environments:
	5, 5∗, 56, 57∗, . .

q dispersive model-independent analysis of πK and ππ →
KK< partial-waves in the low energy region

q new methods to handle problems in hadron physics.

J.R.Peláez and A. Rodas, 
Phys. Rev. Lett. 124 (2020) 172001

establishing

=>∗ ?>> pole positions
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Looking for interacting hadron pairs that might
produce resonances (using Dalitz-plot based
methods, EFT and dispersive techniques) in:

q electromagnetic decays: radiative transitions of
charmonium and bottomonium, transitions to SU(3)-
octet baryon-antibaryon or ℓ"ℓ# pairs states, other
reactions like ψ 3770 ⟶ γDD,, ...

q weak decays: Λ. ⟶ //12Λ , 	45 ⟶ 	6	ℓ7̅ℓ, 	 6" ⟶
79	:";<5, 6" ⟶ 79:"=<5∗, …

q strong decays of Υ states, reactions like <5@ ⟶
A<<5=, with A = Σ, Λ

Explored the exotic nature of resonances, CP or
isospin (f.e D ⟶ EF, E	 ⟶ DF) violations, or
decays of unconventional states..

V. Magas , À. Ramos, R. Somasundaram, 
Phys. Rev. D102, 054027
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Progress in Task 1.2: Hadron decays

Dalitz plots from the study of HI ⟶ J/KLH
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Progress in Task 2.1 : Hadr Res, FFs, LECs, QCD parms, light nuclei spectroscopy

qUsing LQCD, EFTs and data ⇒strong coupling constant "#.

qTests of LFU in Λ& ⟶	Λ)ℓ+̅ℓ, ℓ = ., 0/2, and 3 ⟶ 4ℓ5ℓ6 decays
using LQCD form-factors and searches for BSM signals.

qNeutron matter calculations using as input nucleon-nucleon chiral-
EFT interactions, including Δ(1232) degrees of freedom.

q Nuclear electromagnetic transitions, evolution of magic numbers in
neutron-rich nuclei, polarization of . and exclusive final state hadron
observables in neutrino nucleus scattering

D. Boito and V. Mateu
JHEP 03 (2020) 094 

input "# =>

static energy 0.116606A.AAABC5A.AADDA

singlet free energy at finite temperature 0.116386A.AAAFG5A.AAAHB

dimensionless ratios of roots of the moments 
charm- and bottom-quark correlators 0.1170 ± 0.0014
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Progress in Task 2.2: heavy-quark, hybrid and tetraquark potentials

For the first time the excited and exotic bottomonium
spectrum (including hybrids) has been determined
by a fully relativistic and unquenched lattice
calculation.

QCD thermodynamics has also been studied in full
QCD Aarts et al, arXiv:2007.04188

Further progress is going on in:
q computing the heavy quark potential with 2+1+1 flavors
capturing the charm mass dependence

q studying mesons in NRQCD in order to understand their
thermal masses and width shifts

q studying the interquark potential using NRQCD quarks to
understand thermal variations.

Ryan et al [Hadron Spectrum coll.] arXiv:2008.02656
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Progress in Task 2.3: matrix elements for in medium quarkonium evolution

q Quarkonium propagation and suppression
in the medium formed in heavy-ion collisions

q The quarkonium out of equilibrium
dynamics at low energy is governed by in-
medium correlators to be computed in lattice
QCD

q The heavy quark diffusion coefficient ! has
been computed in quenched QCD over a
wide range of temperatures. It has been
found that within errors the lattice results are
remarkably compatible with the NLO
perturbative result

Brambilla, Leino, Petreczky, Vairo
arXiv:2007.10078
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Progress in Task 3.1: Search for and study of light exotic mesons, cc and ss

q Significant experimental activity: light quark hadron
spectroscopy with GlueX and CLAS at JLab; pion-production with
COMPASS; charmonium 'XYZ' exotic states at BESIII and LHCb.
q Developed new analysis tools to leverage polarization
degrees of freedom in photoproduction and study XYZ
spectrum three-body final states

q Investigated the spin structure of hybrids using a non relativistic
effective field theory
q XYZ exclusive production cross sections calculation for
future experiments at EIC

q Code available to the community to implement event
generators for yield estimates

M.Albaladejo et al. (JPAC Collaboration)
arXiv:2008.01001
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Progress in Task 3.2: Spectroscopy of low-lying scalars, s- and c- mesons

q Approval of Klong beam facility at JLab: extensive study of
strange baryonic excitations and of mesons with
strange content, search and characterization of the
κ/K*(700) scalar, in its overlap with the σ/f0(500) and
the f0(980), and of other strange excited resonances.

q Keep working on CLAS6 data analysis searching for light
quark hybrid mesons: ηπ, η’π, ηππ, ωππ and K*K

q Multi-channel analysis of existing data is being
started by the BnGa-PWA group using GAMS, CERN-
Munich, CrystalBarrel pbar N, and BES with
interesting results on baryons.

q ALICE completed a measurement of f0(980) in pp
collisions at 13 TeV at LHC

WP25-JR7 - LIGHT-AND HEAVY-QUARK HADRON SPECTROSCOPY (HASP)

M.Amaryan et al. 
Strange Hadron Spectroscopy with Secondary KL Beam in Hall D

Jlab C12-19-001 proposal
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Progress in Task 4.1: Resonance parameters determination

q Published new measurements of spin dependent π, η, ππ,
and πη photoproduction from ELSA and MAMI

q New partial wave analysis of γN→ηN; new EtaMAID
model published; the large difference in the Nη-branching
ratio between the N(1535)1/2− and the N(1650)1/2− almost
disappeared in the new BnGa analysis results

q Cusp structure at the η' threshold, observed by A2@MAMI
was confirmed by beam asymmetry measured byt
CBELSA/TAPS

q New results on η photoproduction by a novel self-
consistent two-step approach
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M. M. Dieterle et al.(A2 Collaboration)
Phys. Rev. Lett.125, 062001



STRONG-2020 Annual Meeting, October 14-15, 2020

Progress in Task 4.2: Diffractive and annihilation production and exotic baryon
q Photo-induced mesons production: E beam-target
helicity asymmetry in theγ→n→ → K+ Σ- reaction on a
HD target

q Electro-induced mesons production: CLAS12 6.5
GeV and 7.5 GeV energies on unpolarized proton
target; analysis of e→ p → e K+ Y and e→ p → e
π+ π- p reaction channels is underway

q Data Analysis and Interpretation: modeling of the
resonant contributions to the inclusive electron
scattering observables, studied properties of the
hidden-charm pentaquark-like resonances first
observed by the LHCb Collaboration in 2015; studied
the nature of the new signal reported by LHCb in the
J/ψp spectrum using S-matrix
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C. Fernández-Ramírezet al. (JPAC) 
Phys. Rev. Lett.123, 092001
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Progress in Task 4.3: Dibaryon structure and parameter determination

q JLAB-CLAS12 exploratory analysis of single-, double-, and triple-
strangeness members of the d* SU(3)

q First calculations of d* multiplet width and branching ratios
indicate strong suppression of dsss decay to Ξ*Σ*, while dsss → ΔΩ
and dsss → ΞΣ are “golden” decay channels.

q At MAMI, new deuterium photodisintegration measurements with
polarised photons indicate dominant magnetic octupole and
suppressed electric quadrupole moments for the d*

q At Wasa, the latest results on d*(2380) excitation in pn-elastic
scattering significantly improve the partial wave analysis fit
uncertainty,

q Set up Networks, collaborations and research output with
astrophysicists
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M.Bashkanov et al. 
Signatures of the!∗(2380)Hexaquark in d(#,$%⃗ )

Phys.Rev.Lett. 124 (2020) no.13, 132001
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Deliverables and Milestones 

ü Delivered on time
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Deliverables and Milestones 

HaSp web site
http://web.ge.infn.it/jstrong2020/

• Used routinely by the HaSp
collaboration to exchange
information

• Living tool updated with
highlights, Tasks progress,
Combined analysis

• Store documentation with
link to papers, reports, docs

• Theory/experiments
exchange

L.Marsicano – INFN-GE
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Deliverables and Milestones 

HaSp Milestones

• Due to COVID19 pandemic we had to
cancel the Topical Workshop on
Theoretical haspects (IFIC Valencia
April 21-24 2020) scheduled for M9

• Rescheduled as virtual-only meeting
for December 15-17 2020

• Second topical; workshop
(Experimental) scheduled for M18 to
be hold during Summer 2021
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Deliverables and Milestones 

Topical Workshop (Theory) web page
http://ific.uv.es/nucth/TH-WP25-H2020/
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