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Motivation Diquark Pole and Curvature Mass
Main goal: starting from Curvature mass: Pole mass:
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= closely related to thermodynamics — = physical, observable mass
study the properties of the (scalar) diquark: Ay ~ q"Cysieameq to constrain masses natural for low-energy models = requires real-frequency information —
and couplings of low-energy models of color superconductivity = identical to pole mass in free theory harder to compute

. _ . , This work: ey ~ 1 GeV — much bigger than 2/3 myucieon ~ 630 MeV
Hadron physic: nucleon (3¢) is well de-  Astrophysics:  color-superconducting ma, © - /3 M ©

scribe in a quark-diquark picture (A + q) quark matter (diquark condensation Pole mass via analytically continued FRG [3]: evolve an additional flow equation
0) in neutron stars core
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Gauge Sector Band: minimal error estimate from regulator variation

Conclusion: in a first-principle and self-consistent approach we find
Minimal truncation [1]: zero-momentum expansion around gauge fixed classical ten-

sor structure " MA pole ~ 600 MeV — consistent with previous lattice / DSE estimates (and

quark-diquark picture of nucleon)
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Coer[A, ¢, c] = 3 /pA“(p) [ZA,k: (pz 4 mgap’k) HEI/(p) I gpznle(p) Al (—p) MA curv S>> MA pole — relevant for low-energy model parameter fixing
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+ Lo T Ak g ®a TR O Aty 0 Application: Finite Density Quark Matter
= Gauge invariance in presence of regulator Ry.: enforce a running gluon mass Problem: few vacuum constraints for low-energy model of color-superconducting
méapk [2] — closely related to gluon mass gap quark matter - diquarks are not vacuum observables
= Bootstrap approach: initial mass gap mzap,k:A found by enforcing the scaling aco « QCD vacuum
solution in the infrared: Z4 oc (k*)* and Z, oc (k?)~%" QCD input: FRG infrared correlators constrain ga, gg,
U(o, A) — systematic model fitting .
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Quark-gluon Sector This work: renormalized quark-meson-diquark (QMD) = 0

model in mean-field approximation [4] — access to fi-

nite densities 100
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Key insight: non-perturbative low-energy behavior of QCD described in four-quark E lll ,, ----- 1 s =/
correlations: scalar-pseudoscalar (o-meson and pions) and color-superconducting 29000
(scalar diquark) > 051
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quark dispersion relation in color-superconducting phase:
Composite Sector

BE = \JlegEm?+ D%y Agp=ga(A), = /2 +m; my = gyl0)
Low-energy physics: four-quark interactions dynamically mapped to composite de-
grees of freedom: Parameter-free predictions at finite densities:

_ = - 5 T .
o~ 4qq and T~ qYsTq and Aq ~ q CysieaTag = First-order vacuum-to-quark-matter transition at ng ~ ne, directly into a
color-superconducting phase

» Large diguark gap A ~ 250 MeV at astrophysical densities — color
superconductivity as a key effect of dense quark matter

Truncation: meson and diquark exchange with self-interactions (+ diquark-gluon in-
teractions)

qude[Aa ga q, ¢a AT) A] = /

T

{%(aﬂ)(@ud)) + Zar(3,0)1(8,2) + Up(6°, |A]?) — ho = ¢2 > 1/3 at intermediate densities — consistent with neutron-star observations
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