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Crumbs of semiclassical phenomena...

+ Particle production in the
early universe

% Hawking radiation
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Examples of partially resummed HK expansions...

derivatives contributions up to

second and third order in the curvatures

Barvinsky&Vilkovisky, NPB (1990)
Codello&Zanusso, JMathPhys (2013)
Barvinsky&Vilkovisky, NPB (1990)

resummations
in abelian bundles, QED , symmetric spaces

Avramidi&Fucci, CommMathPhys (2009)
Gusynin&Shovkovy, JMathPhys (1999)
Avramidi, JMathPhys (1996)
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where F[t; x,y] = exp [—tR(y)(f - 1/6)] [1 = Z tjz(x, y)

Parker & Toms, PRD (1985)

Jack & Parker, PRD (1985)
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Take home

Symmetry breaking mechanisms can be
moditied in curved spaces by effective masses
of purely geometrical origin



How does the interplay between strong interactions and geometry work?

BHs outskirts:curvature effects
comparable to Aycp

(cf. Hawking-Moss picture )

‘ Ty ~1/mpa )
lotons, neutrinos and gravitons... >.>l ...electrons...muons... }E ...pions and heavier hadrons }




T'he gourmet recipe

NJL + Large N approximation

1. Hubbard-Stratonovich transt.
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Flachi, PRL (2013)
Flachi & Fukushima, PRL (2014)
Flachi, Fukushima & me, PRL (2015)



The chural gap effect

QCD phase diagram 1s in
principle much more
complicated...

Flachi, PRL (2013)
Flachi & Fukushima, PRL (2014)
Flachi, Fukushima & me, PRL (2015)
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Fasolino et al, Nature Materials (2011)
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Castro, Flachi, Ribeiro & me, PRL (2018)
Flachi & me, PRD (2019)



esults
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Castro, Flachi, Ribeiro & me, PRL (2018)
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Distance from the defect, r




...back for a moment to resummed HK’s. ..
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Brown & Duff, PRD (1975)
Gusynin & Shovkovy, JMathPhys (1999)

Navarro-Salas & Pla, PRD (2021)



Derivative resummations: a proot
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ijjworks for Yukawa, SQED, QED, “axial” QED!!!

Franchino-Vinas, Garcia-Perez, Mazzitelli, Wainstein & me, PLB (2024)

Franchino-Viinas, Garcia-Perez, Mazzitelli, Pla & me, in preparation



Some food for thought...

A scalar Schwinger effect
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Eftective field theory models

Massive fermions: spontaneously broken symmetry
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g
Generation dynamical effective mass Mg ~ (¢))

.Chiral” condensate

m, = 3 MeV
m,_= 1000 MeV

L ——— T




The chural gap effect

In the chiral limit M.g ~ {(11)); more in general M.g solves the gap equation,
viz. minimizes the grand potential Q| Mcg| ~ tree level4+-quantum
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Taking g, = 1 and using the heat kernel expansion
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Flachi & Fukushima, PRL (2014)
Flachi, Fukushima & me, PRL (2015)



Boundary conditions calculation
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Hubbard model
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HS transformation
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Hubbard model

Bosonization
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The metric

A conical metric...

ds® = d7? + dr? + o’r?dy?
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...and its regularisation

ds- =dr- + f(ridr +ardo
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Boundary conditions

Circulating the defect...

(r,p + 2m) = —exp (i(6 — ns)my5/2)Y(r, )
Redefinition of the field
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Sitenko&Vlasii, NPB (2007)



The effective action
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Castro, Flachi, Ribeiro & me, PRL (2018)
Flachi & me, PRD (2019)



