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OUTLINE

* Chiral symmetry restoration in QCD

* Quark condensate and scalar susceptibility in the Linear Sigma Model
* Self-Energy and pole position of sigma in the Linear Sigma Model

* Thermal f,(500) saturation approach

* Topological susceptibility in U(3) ChPT

e Conclusions




OCD PHASE DIAGRAM AND CHIRAL SYMMETRY BREAKING
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CHIRAL SYMMETRY RESTORATION IN QCD
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LSM lagrangian:
Lrsu = 30,0700 — 2 [07® — v3]” + ho

Potential minima: ®2 — g2 7& 0 Breaks chiral symmetry explicitly

We choose a vacuum: (®1) = (6, fu) Spontaneous chiral symmetry breaking

Minimum of the potential: } — )\fU(fU2 — ,02)

0
Shifted field: oO=0—"v I:ﬁ
Tree-level pion
Mg = % = A(v? — v3) Mg = M3+ 2 v? and sigma masses




QUARK CONDENSATE AND SCALAR SUSCEPTIBILITY IN THE
LINEAR SIGMA MODEL

. - o _ one-particle reducible diagrams enter
AtT 0: {5)(T) = (0)(T) —v #0 In the calculation of correlators

* Quark condensate: {gq);(1T") = _Cf_TT};?J(T)
« Scalar susceptibility: xg(7T") = (ﬂ> v(T) + (ﬂ)2 [rdz {{T5(z)a(0)) — (6)*(T)}
dm? dm i
dh dh \* Y 1
) = (53 ) o0+ (F) Belb=0T) g Bo(BT) = ooy

Euclidean propagator of the & field

* Near the transition:
Saturated susceptibility

MZO 2 XS(T) - Mga—{—Z(]{:O,T:O)
xs(T) = 4Bgv* <Mga - MgJ Aok =0;T) O = TME 4R (k= 0,T)
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* T=0 self-energy:

(6,7 = 0) = 1o (V32 [on()1og (22001 ) + 8 o (s)10g (201 ) 1o (115 ) —

1672
: 2
* Perturbatively, the pole of the propagator is at §p = Mg + E(kz = Mg) — Sp = (Mp - %FP/Q)

Breit-Wigner resonance
* The mass and the width of the pole cannot agree for a given A with their experimental values:
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SELF-ENERGY AT FINITE TEMPERATURE

* The k —» 07 limit for the self-energy is

Y(k=0;T)= A
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Thermal part of the bubble diagrams

L3y { M= 2Ma (g1 (M, T) + 91 (M, T)] — (M2 — M2) [g2(My, T) + 3g2(M,, T)]}

M3

Thermal part of the tadpole diagrams
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THERMAL /,(200) SATURATION APPROACH

* Within UChPT approach, the f;(500) state emerges as a second Riemann sheet pole of the
scattering amplitude.

* We define the unitarized scalar susceptibility:

Uy — A My M3(0)
XS (T) — A4m52 Mgs(T)

with
ME(T) = Re(spote(T)) ~ ReXy,

* For that, we assume

There are no decay channels open at k=0 Im>: s, (k=0)=0

Taking into account the uncertainty R - -
eXr(s=0)~ ReX( (s=s
range of this approach fo ) o ( pole)

S. Ferreres-Solée,A. Gomez Nicola and A.Vioque-Rodriguez (2019). arXiv:1811.07304




THERMAL /,(200) SATURATION APPROACH

* To guarantee the key qualitative features of a crossover behaviour:

ChPT amplitude is not unitary Unitarization

Different unitarization methods:

ST ta(s) Ty t3(s) ST t2(s)”
tK(S’ T) o 1_0—T(S?T)t2(3) tUmOd(Sj T) o tQ(S)—Qt4J(S,T) tIAM(S’ T) o t2(8)2—t4(8,T)
tr(s;T) is not analytic is not posible to define properly the second Riemann sheet

LECs used fitted with the full IAM.

Including that, we recover the IAM amplitude at T=0.




UNGERTAINTIES OF THE APPROACH

* Three types of uncertainties:
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UNGERTAINTIES OF THE APPROACH

The normalization factor A.
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FITS TO LATTICE DATA AND HADRON RESONANCE GAS

Free energy density: 2 — B2 HRG Jankowski et al 2013
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TOPOLOGICAL SUSCEPTIBILITY IN UC3) CHPT AT T=0

* Energy vacuum: €yac(0) = €vac(0) + 3Xtoph* + 57460* + ...
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TOPOLOGICAL SUSCEPTIBILITY IN UL3) CHPT AT FINITE

TEMPERATURE

Temperature dependence: X5 =
. 1T — 2. 11
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LSM and thermal saturation approach

* The scalar susceptibility in the LSM can be related to the propagator of the
lightest scalar state at zero momentum.

* Using the |AM, we reproduce the crossover peak and most of the lattice data
fall into the uncertainty band.

Topological susceptibility in U(3) ChPT

* The n’ meson and mixing angle corrections to the topological susceptibility are
comparable to the kaon and n ones.

* T-dependence dominated by the quark condensate, although the second term
of Xtop is relevant near T..



