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All physicists have a dream…
..and actually we have many..

How do quarks and gluons move in hadrons in 3D? How are hadronic spins 
generated? How can we measure the hadron/quark or hadron/gluon spin-
momentum distributions in 3D? Universality? 

How can we understand hadronic states (resonances) and their interactions 
at low energy? How do they affect heavy meson  decays, CP-violation and EW 
physics? 

How are resonances generated and appear at EW  scales?and in BSM 
physics?
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…and effective field theories get us closer…
Features of EFT

 EFT combine QCD and kinematics symmetries to expand cross sections in  
easier and fundamental quantities/distributions (PDF, TMD, Jets, LDME,..) 

EFT are the low energy result of physics BSM 

EFT allow to connect physics phenomena at all energy (and build 
meaningful models if needed) with very high precision

Examples: Chiral PT, Soft Collinear ET, Heavy Quark ET, Non Relativistic QCD, 
pNRQCD,vNRQCD, 

SMEFT, HEFT
A practical result: All quark masses need an effective theory to be extracted from experiments
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3D hadron tomography: TMD

We have a universal comprehension

at all energies for DY, SIDIS, SIA

We understand the 

spin-momentum entanglement 


in hadrons

Ignazio Scimemi 
Alexey Vladimirov 

Rafael Fernandez del Castillo 
Patricia Gutierrez 

Oscar del Rio Garcia  
+ collaborations Bilbao, NIKHEF, LANL,JLAB

<latexit sha1_base64="0oBwzEZUAD4ozeBeCKz2DwlNg8E="></latexit>

`(l) +H(P ) ! `(l0) + h(ph) +X

h1(P1) + h2(P2) → l(l) + l′ (l′ ) + X

Why should we care?
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qT (GeV)
99% of the spectrum


Come from low energy

MW?
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3D hadron tomography: Our  Brand and Artemide
Why does the world care of us?
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heavy meson pair at LO:
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qµ =
Qp
2
(nµ � n̄µ) = (0, 0, 0, Q)
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Factorization Evolution Jets and Heavy Hadrons

Lattice

LHC, EIC,BELLE,… data
Quark momentum in 3 D



When using the constrained fit to determination data both 
poles come out nicely compatible 

Theoretical Hadronic Physics @IPARCOS: 
J.R. Peláez, A. Rodas, J. Ruiz de Elvira

Precision studies of meson-meson interactions 
using Dispersion Theory and Effective Field Theory

• Precise dispersive analysis of 𝜋𝜋𝐾𝐾 → 𝜋𝜋𝐾𝐾 and 𝜋𝜋𝜋𝜋 → 𝐾𝐾�𝐾𝐾 data
Constrained with 16 integral dispersion relations

After decades of controversy:
• Name changed to 𝐾𝐾0∗ 700
• “Needs Confirmation” to “Confirmed”
• Mass & width revised
in Review of Particle Properties

• Lightest strange resonance determination

No sub:  (648±6)-i(283±26) MeV
1 sub:  (648±7)-i(280±16) MeV

5-year highlights:

• Analytic description of 𝜋𝜋𝜋𝜋 → 𝜋𝜋𝜋𝜋 data up to 2 GeV
Constrained with forward and coupled channel dispersive analyses

JRP & A.Rodas
1) Invited report: Phys.Rept. 969 (2022) 1-126
2) EPJ C78 (2018) no.11, 897

JRP, A.Rodas. Phys.Rev.Lett. 124 (2020) 17

Completes the 
controversial
lightest scalar nonet 
of QCD

JRP,  A.Rodas & J. Ruiz de Elvira:
3) EPJ C79 (2019) no.12, 1008
4) Invited report: EPJ.ST 230 (2021) 6, 1539

Widely used by 
theoreticians and 
experimentalists

From dispersion theory & data

7



8



9



10



Effective Theories in Hadron Physics at extreme conditions
(temperature, chemical potentials,..) 

with applications to the QCD phase diagram

A. Gómez Nicola
J. Ruiz de Elvira
Andrea Vioque-Rodríguez

A. Gómez Nicola, Eur.Phys.J.ST 230 (2021) 6, 1645Recent review
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Conclusions
..only a few of them..

Effective field theories allow to study Nature at very different energy scales: There are 
opportunities and challenges 

New tools are continuously  considered to solve old and new problems, i.e. new 
theoretical results, machine learning and quantum information for data analysis 

Our group is well consolidated and with a large and international experience, and 
covering many important topics for the physics community. We can do much better with 
stronger PhD and postdoctoral programs 

We need expertises in different subjects to improve altogether
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Galileo Galilei

…Eppur si muove…
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