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Signs of CEP?

Lattice:small mu,Taylor expansion & estimate radius of convergence,
Cluster expansion

No signs of CEffom lattice so far
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Alternative scenario?

Quark-Gluon Plasma
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Quarkyonic matter
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Effective reduction to 1+tim SU(2Nf) QCD in large Nc limit

Kojo,Hidaka McLerran Pisarski
Arxiv:0912.3800

Evidence from lattice in twecolor QCD (no sign problem!):

Bornyakowet al, 1711.01869



Chiral symmetry breaking

Suggestive argument in 1+1 dint  can be eliminated in the expensenohl Spiral

qq—> cos(2p2)qq + isin(2pz)qysq

Uniform condensate Exciton Chiral density wave/
Chiral Spiral



Exact solutions in 1+1 (GN, NJL models at infilNfg
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GinzburgLandau analysis in 3+1 NJL models: Nickel, Arxiv:0902.1778
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Lifshitz point and Lifshitz regime
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Observation otifshitzpoint in magnetic structures PhysRev B 24, 2780
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Lifshitz point and Lifshitz regime: Inhomogeneous
polymers

T Disordered
Order-disorder transitions

--------------------
.........
-
-
-
-
-~ -
-

_____

T T Isotropic Lifshitz point
2- and
Bicontinuous microemulsion S-phass
Lamellae (swollen)
Unbinding transition
0 € co-AB conc.

Experiment Self-consistent field theory

Lifshitzregime: bicontinuousmicroemulsion

Mixture of polymers A & B and gmlymer:
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Lifshitz point: O(N) effective model

1
2M?

2
@20) + 2 (@i0) + o7 + 2P+

L= (000)° +

3+I1-dimensional model, we implicitly assume finite density and temperature

Z is allowed to benegative. In this case:

AR Gap may close if Z gets sufficiently negativ

Condensate in this case: chiral spiral

(P(.‘JC) = ¢ (COS(k()Z), Sin(k()Z))

I Qrbtbn condensation in superfluid?
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Anisotropic fluctuations



O(N) effective model

Mean-field phase diagram
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What to expect from fluctuations?

No longrange order is possible due to anisotropy:

1 1
d°k dk ~ / d°k | — ~ log A1p
/ H (ky — ko) + (k7)? k?

Effective 3dimensional reduction =>
phonon fluctuations of chiral spiral destroy long range order

1

— Y log/\m
K

No Lifshitzpoint is possible, onlyifshitzregime in d<= 4: / d'ky

Either mass squared of Z must be generated-perturbatively

In order to address these issue we use large N analysis



Infinite N phase diagram
Effects offluctuations. dramatic change

No Lifshitzpoint, but Lifshitzregime
2 .
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Lifshitzregime
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No evidence for 2 order phase transition to CS



Quantum Spin Liquid regime
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Symmetric solution exists for any negative Z

Possible phase transition to chiral spirals
must be of B order if it exist



Quantum Spin Liquid regime
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Quantum spin liquid quantum fluctuations prevent condensate formation

Entanglement over long distancaastead of longrange order

Example:
1) Anti-ferromagnetically coupled spins on triangular lattice
2) Y A U I'T&ig0nde

He=-K)» P,—K'» S,
P s

Figures from an excellent review
arXiv:1601.03742




Finite N: perturbation theory
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L= (000)° +

We assume Z < 0 and the followiagsatz ho = odglcos(kgz), sin(kgz),0)
qb% = const

Minimize w.r.t. kg andpg

Find adouble polein the propagator of transverse fluctuations:

(k* k)"

~ 2M?
Simpleansatzis not consistent, system is disordered at very short distances

We cannot exclude more complex solution, but these are very hard to find



Finite N: lattice computation
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N =10 L =40
m2=-0.1
Z =-0.15

= N = infinity

No evidence for 3/ 2nd order phase transition
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Experimental signatures

R.Pisarskiand FabiarRenneckearXiv:2103.06890



