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Part |: Preliminaries
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Motivation

@ Similarly as in QCD, gravitational attraction in the strongly coupled regime may lead
to formation of fermionic condensates, inducing chiral symmetry breaking (xSB) in
the IR.

- However: masses of such condensates would be O(Mp|) = incompatible with our
matter content.

@ Recent results: avoiding xSB may set phenomenological constraints in ASQG.

o Compatibility of low-energy matter content and ASQG needs to be further
investigated!

@ More technical aspect: is the minimal coupling with gravity enough to probe the
fate of chiral symmetry along the flow?
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Purely fermionic toy model

(For a comprehensive review, see [Braun, 2012])

@ Purely fermionic toy model, one-flavour scalar-pseudoscalar Nambu-Jona-Lasinio:
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o Hubbard-Stratonovich transformation: with an auxiliary field ¢ = (é1, ¢2), the
partially bosonised theory
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@ New theory is bilinear in fermions. Integrate them out for effective action.
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Chiral symmetry breaking of toy model

@ Tracing back to the fermionic part: 3 XMt s t. chiral symmetry is spontaneously
broken for A\, > A&,
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o WLOG, take (¢o) = 0. Then,
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@ Upshot: a diverging four-fermion coupling indicates the onset of xSB!
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Chiral symmetry breaking in ASQG

[Eichhorn and Gies, 2011; Meibohm and Pawlowski, 2016] and others
o Flow of fermions minimally coupled to gravity has effective four-fermion interactions:

- Possibility of gravity-induced xSB leads to fermion masses of O(Mp)).

@ Turn it around: avoiding xSB scenarios may bring phenomenological constraints to
ASQG. Some recent examples are:

- |de Brito et al., 2021] include Abelian fields and conclude that fermions being light
in the IR = more than one generation of fermions (Nr > 1) in ASQG.

- [de Brito et al., 2023] extract upper bounds for Abelian and non-Abelian gauge
charges from the existence of light fermions.
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Part Il: Non-minimal couplings in quantum gravity
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Many-flavour four-fermion induced interactions

o Four-fermion interactions can be induced by quantum gravity fluctuations (green =
fermions, black = gravitons):
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o For a SU(N¢) ®SU(Nfr)r chiral theory, consider the Fierz-complete basis:

V= (1;'7#1#)2 }
A= —(Dyurst)®

@ From maps between partially bosonised and purely fermionic descriptions:

Lo = %Zi[L(VM) +2_(V-A)]. (5)

- Point-like interactions in the latter are enough to probe the chiral phase up to
condensation.
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Diagrams for 3y, including 4F vertices
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Expanding the truncation: non-minimal couplings

o Purely gravitational part: standard Einstein—Hilbert with usual gauge fixing and in
the Landau limit (o, — 0). By is left open.

@ Previous results were restricted to minimally coupled truncations, even though
dim(4F)= 6.

@ Pursuing more robust results, we considered for the first time all dimension 6
operators in the truncation, adding

L = Zy[(orsR 8" + orR" ) (7, Vi) — Vuihyuth)+
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o Four new parameters & := (or, Ors, ODRs, 0p3): We investigate their effects in the
A+ flows individually and in combinations, including the 3,'s.
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Diagrams for (G,s
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Beta functions in the one-loop approximation

o For simplicity, take A = 8, = 0 here.

@ Beta functions for the four-fermion couplings:
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@ Beta functions for the non-minimal couplings:
Bo. = 20i + G £(&) + 0°°° ‘;[7’;5 (Nedy + (Ne+1)A2), 9)

where i € {R, RS, RDS, D3} and f;'s are fourth-degree polynomials on the os.
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Tracking of the shifted Gaussian

@ For G — 0, the Gaussian is the only IR
limit preserving chiral symmetry.

@ Increase G: Gaussian is shifted, but re-
mains fully IR-attractive... Until FP col-

lision: =
HIT NN

- If shifted Gaussian becomes complex: on- TN \\ sss
NN

set of XSB. 10///7/25 N\ \\NNNN

- If shifted Gaussian just exchanges critical -40-200 0020040

exponent: case-by-case study required.
Flow of four-fermion couplings for G = 0.

Plot from [Eichhorn and Gies, 2011].

@ Without non-minimal couplings: 3 FP collision, but at G ~ 13.8.

Gabriel Picango (US & TU Dortmund) Avoiding xSB in QG 11th ASmPPaF, 16.12.24 14 /16



Effects of parameters

Brief summary of effects of non-minimal couplings on the shifted Gaussian:
or: weakly disfavours collisions.

ors: very strongly disfavours collisions.

oprs: strongly favours collisions.

ops: favours collisions.
Qualitative effects of os independent on N¢, A, or By € {—1,0,1}!

With all non-minimal couplings: effect of ogrs is the strongest: FP collision is overall
very disfavoured for the complete theory.

Similarly, negative values of A increasingly disfavours a FP collision.

With oprs but without ors, FP collides and goes to the complex plane for smaller
values of G: more reliable xSB!

Example 1: Geoision = 1.5 for (A =0, Nf = 6, 3, = 0).

Example 2: Geliision =~ 0.8 for (A =1/10, Nf = 6, By = —1).
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Conclusions

@ We performed a comprehensive investigation on the effects of non-minimal couplings
between quantum gravity and chiral fermions, completing the truncation up to
dimension-6 operators.

o A few steps before the end, e.g.:
- better visuation of big volume of numerical results
- evaluate anomalous dimensions at the FP collision to ensure reliability.

- possibly going beyond the 1-loop approximation.

@ Future direction: include non-trivial momentum dependence on the anomalous
dimensions, as it may bring qualitative differences, primarily in the gravitational
sector.
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Thanks for your attention!
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