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1st EMMI Workshop 2015: Announcement of Pc
+
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Pentaquarks today (LHCb)
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Lorenzo Capriotti
Run 1−2 data
Pc(4450)+ contribution resolved into two separate peaks
Pc(4312)+ established 

Other new pentaquark states:
Pc(4337)+ in B0

s ⟶ J/ψ pp, 
Pcs(4459)0 in Ξb

0 ⟶ J/ψΛK−, PΛ
ψs in B− ⟶ J/ψΛp

_
_



Tetraquark States (LHCb)
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Lorenzo Capriotti
Evidence for ω-contribution to X(3872)

Ratio of couplings larger
by one order of mag. as 
expected for pure cc states

Observation of narrow peak in D0D0π+ spectrum
Consistent with doubly-charmed tetraquark T+

cc [ccud]

_

_ _



Exotica from CMS
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Alexis Pompili
First observation of B0

s ⟶ X(3872) φ
Significant difference in 
neutral-to-charged BF-ratio
⟹ Different to ψ(2S)
⟹ Nature of X(3872) tetraquark (?)

Three new structures in Di-J/ψ



Exotica from BESIII 
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Frank Nerling
Charmonium
spectrum [cc]

_



Exotica from BESIII 
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Frank Nerling
Two states resolved Y(4260) ⟶ Y(4230) + Y(4360)

Zcs candidate ([ccsu]), strange partner of Zc(3900)

First observation of e+e− ⟶ γ X(3872) ⟶ γ π+π− J/ψ
First observation of e+e− ⟶ γ X(3872) ⟶ γ ω J/ψ

_ _



X(3872) in PbPb (CMS) and pPb (LHCb)
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Alexis Pompili
Additional information on
X(3872) nature from heavy-ion

Move to nuclear modification 
factor in near future

Lorenzo Capriotti

Increased cross section of
X(3872) observed in pPb already



Heavy Flavour Medium Modifications
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Glòria Montaña Faiget
EFT Lagrangian

Self-consistent solution 
of coupled equations

Thermal masses and 
widths of heavy flavour
mesons



Heavy Flavour Medium Modifications
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Glòria Montaña Faiget
Spatial diffusion coefficients
for B and D mesons

Thermal modifications of 
the X(3872) and X(4014)

Masses decrease ⟹ lower thresholds
Non-zero decay widths at finite T



Nuclear Physics with Lattice QCD (NPLQCD)
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Assumpta Parreño

Are we really missing a deep bound state? 
Successful reproduction of properties of light nuclei direcly from QCD

Nuclear magnetic moments
NPLQCD, PRD 103 (2021) 

Triton axial charge, gA = ⟨h |qγ3γ5q |h⟩

Momentum fraction of 3He , 

NPLQCD, PRL 126 (2021) Very few calculations 
at physical pion mass



BB systems, quark mass extrapolations

Marc Illa et al (NPLQCD) PRD 103 (2021) 5, 054508

Bound States from NPLQCD
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Assumpta Parreño
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b[ fm] = 0.1453(16)
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LQCD - Binding energies - SU(3)f

Updated in PRD96 (2017) 114510

Binding energies of BB systems

Quark mass extrapolations 

Not all hypernuclei states 
seen experimentally 

Work in progress, on-going:
mπ ~ 450 MeV + larger volumes
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Hypertriton (J=1/2, I=0) 

Λnn (J=1/2, I=1) 

Hypertriton* (J=3/2, I=0) 

Ongoing calculations at mπ ~450 MeV using 
the two larger volumes

not observed  
experimentally

HypHI (GSI) PRC 88 (2013)?

LQCD - Binding energies - SU(3)f

not observed  
experimentally
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Isaac Vidaña
Use FF-ANN to extrapolate
NCSM calculation 
(Gazda et al., PRC97 (2018) 064315)
to large model space

Enlargement of input sample
by cubic interpolation

Addition of Gaussian noise



Hypernuclei Theory: Machine Learning 
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Isaac Vidaña
Good agreement with other methods to extrapolate NCSN calculations
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Zhangbu Xu
E.g.: D− + 4He: stable against strong decay

B ≈ 16 MeV

Expected yield in STAR Forward (half a year)
Kππ channel (incl. ε and BR): n ~ 4 × 103

e− channel (incl. ε and BR): n ~ 1 × 103

Access at c-quark oscillations

Difficult to detect at RHIC, 
Likely at LHC or EIC forward
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Zhangbu Xu

Likely at LHC or EIC forward

Promising prospects 
for CBM@FAIR

To be explored!
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Iouri Vassiliev
High interaction rates and 
high production cross section
⟹ CBM will be hypernuclei factory

4D-Event building and reconstruction
Vertexing (MVD, STS)
Particle ID (TOF, TRD, STS)
KFParticleFinder

Multi-differential measurements
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Iouri Vassiliev
FAIR Phase-0 program:
mCBM@ SIS18
CBM-RICH in HADES
eTOF@STAR
CBM-FLES@STAR-HLT

Trigger on He ⟹ enhanced
hypernuclei signal
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Hui Liu
Energy dependence of
d/p and t/p ratios

Qualitatively described 
by thermal model

Ratio Np × Nt /N2
d

Described by coalescence-inspired fit

Evidence for non-monotonic behaviour
(4.1σ significance)? 
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Hui Liu
3
ΛH and 4ΛH: 
pt and rapidity dependence

4
ΛH/He-ratio above 

exponential extrapolation
⟹ Feed-down from excited states (?)

First measurement of
directed flow of hypernuclei



Many Thanks!


