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Cooled YM vacuum filled with topological gauge
fields with large actions threaded by P-vortices

[nstantons and antr-Instantons [nstantons and anti-nstantons and P-vortices
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Cooled YM vacuum as a strongly inhomogeneous
ensemble of instantons and anti-instantons (RIV)
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Topological origin of mass: zero modes
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Disordering of the zero modes: Banks Casher

Biddle-Kamleh-Leinweber 20’ Random instanton vacuum (RIV)
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Universal conductance fluctuations :
Many “Banks-Casher”

Many ” Banks-Casher”!
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Conductance fluctuations are fingerprints of the topological origin of CSB!
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Topologically induced quark-mass in metallic regime
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Metal: IR safe!
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FIG. 2: Momentum dependence of the instanton induced effective quark mass in singular gauge (13) at LO
(solid-curves), compared to the effective quark mass measured on the lattice in Coulomb gauge [21] (open-circles).
The unit scale is GeV. We obtain a fitted parameter intervals M(0) = 383 £ 39 MeV and p = 0.313 £ 0.016 fm.
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Ji-Femtography: Pion Quasi-PDF
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Pion and Kaon PDF from Quasi-PDF
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FIG. 12: Plon longitudinal momentum distribution in the QCD instanton vacuum RIV solid-red-curve (77), the T I T TR TR T L.
615 data blue-square [31] devolved to @ = 4GeV with NNLO DGLAP in [11] (Lan et al.), improved E615 data ' ' R '
inverse-blue-triangle (32, an the EIC projection in mlul-mmuvzl;wunv [38) A are presented at factorization scae FIG. 13: Pion Jongitudinal momentum distribution in the QCD instanton vacuum evolved to Q¥ = 27GeV* (RIV,
@ =166eV, solidered-curve) (77) in comparison to the lattice results LCSs bluewide-band at the same seale [30].
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Pion & Kaon TMD
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FIG. 14: Pion and Kaon transverse spatial distribution from the QCD instanton vacuum (87) with physical masses
and at renormalization scale Qg = 631 MeV.
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FIG. 15: Pion and Kaon transverse momentum distribution from the QCD instanton vicuum (87) with physical
masses and at renormalization scale Qg = 631 MeV
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What about Confinement?
Localized or screened fields weakly sensitive

YM in 1-+3: localized fields!
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QCD in 1+41: screened fields!

QCD 141 non-conformal

color anomaly
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What about Trace anomaly?
Cheshire cat strikes back!

QCD in 141: Meson masses!
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Ji-Liu-Zahed 20’
s =
measurable through dilaton FF!
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2M scalar-meson t-exchange!
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The ”gluons” in the pion are not distinguishable from those in the vacuum! T



What about the P-vortices?
Emergent strings
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3E Emergent string behavior!
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Holography provides a string based approach dual to YM Ne>X=gN. > 1



Holographic EMT
Resonance Dual Model redux
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Measurable?
Diffractive photo-production
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See also Kharzeev-Satz-Zinovjev 99!



Summary |

« The YM vacuum is populated by strongly
inhomogeneous topological gauge fields with large
actions.

« A systematic way to treat these topological fields in
the context of semi-classics is the dilute RIV.

 The spontaneous breaking of chiral symmetry
(CSB), the origin of mass and =~ femtography are
mostly due to these topological fields.

« The strong localization (screening) of these fields
make the essentials of CSB less sensitive to the
long distance confining P-vortices structures.



Summary I

The P-vortices confine large W-loops, with the
emergence of a string at larger distances.

A systematic framework to treat the stringy effects is
holography in the double limit .21

Holography brings the pre-QCD resonance dual
model in the framework of QCD.



