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What We know about 
QCD

A lot from first colliders to high luminosity 
frontiers to heavy ion collisions to proton 
proton colliders to neutron stars … to …

Not so numerous tools:  
i) RGE  
ii) Lattice Quantization 
iii) Istantonic methods 
iv) Supersymmetry   
v) recently many progresses in holographic models 
vi) Large N approximation 
vii) some exotic attempts for an effective string theory  

But: the QCD vacua is the most complicated in 
the world: “spaghetti”. Confinement ???  



Confinement is still a mystery of Nature,  
Not very much is understood when  

space-time is dynamical. 



“How wonderful that we 
have met with a paradox. 

Now we have some hope of 
making progresses” (N.B.)



What is a time crystal?





To observe both time crystals and quasitime crystals, 
researchers used helium-3 (helium with a missing 

neutron) cooled to within a whisker of absolute zero. 
Because of the uneven number of particles in the 

nucleus, helium three has a strong magnetic moment. 
The helium is put into a state where all the magnets 



God plays with  
space-time crystals 



Gluon Time Crystals  
from   

Gluon condensate approach,  
space-time back reaction and 

relaxation phenomena. 
This generates a time-crystal 



YM gluon condensate coupled to gravity. 
Savvidy coupled to Einstein EoFs  

in FLRW : initial uniform condensate. 



A chronon for frozen “a”: 

2

a discrete time shift symmetry Tn : t ! t + n⇤�1

QCD

, n
denoting a natural number. The concept of time crys-
tal has been first proposed by Wilczek in Refs. [20, 22]
within the context of superconductors and superfluids
physics1. For a review of time crystals, see e.g. Ref. [21].
The experimental discovery of time crystals was achieved
in Refs. [23]. The spontaneous symmetry breaking of T -
invariance from the localization of chronons is associated
to the appearance of Nambu-Goldstone bosons, as time-
like moduli excitations over the classical background.

During the relaxation stage, a new characteristic fea-
ture in the produced GW signal. While the energy-
density part of the energy momentum tensor does not
exhibit so violent transitions, the condensate pressure
provides the main contribution to the energy-momentum
tensor trace variation. These pressure kinks inject ki-
netic energy into the primordial plasma, inducing tur-
bulence and sound/shock waves in the plasma very e�-
ciently. In analogy with the case of bubble propagating
in the plasma, the gravitational radiation is emitted from
magnetohydrodynamical (MHD) turbulence and sound
waves. From our numerical simulations, which we com-
pare with semi-analytical estimates, we show that such
gravitational background signal can be tested in future
radio observatories form pulsar timing e↵ects. The spec-
trum that is predicted not only lies within the SKA sen-
sitivity, but it further displays very peculiar features of
the shape form that cannot be reproduced in any other
known mechanism. In other words, time crystallization
of QCD during the relaxation phase can be tested in next
future, which implies a radical reconsideration of our pic-
ture of QCD confinement itself from the prospective of
dynamical cosmological evolution.

II. SPACE-LIKE DOMAIN WALLS FROM
T-BREAKING

A standard static domain-wall can be easily obtained
from a scalar field theory that is Z

2

invariant. With a
simple sombrero-like Higgs potential, Z

2

can be sponta-
neously broken when the scalar field rolls down to one of
the two possible minima �vac = ±v. These internal field
configurations can be localized in the space direction z
as kink profiles. The kink profile interpolates the two
minima, namely �(z = �1) = �v and �(z = 1) = v. A
domain-wall configuration, as a xy-plane orthogonal to
the z-direction, is achieved through the kink profile tran-
sition region, and its characteristic thick in z-direction is
directly related to the kink shape. For a ��4 theory with
sombrero potential, one can find a simple analytic kink

solution, specified by �(z) = v tanh
h
�vp
2

(z�z
0

)
i
, with z

0

the kink center.

1
The original implementation of this idea was criticized in

Refs. [18, 19].

As well known, for standard domain-walls the trans-
lational invariance is spontaneously broken, being the
barrier localized in a z

0

point. This corresponds to
the appearance of a Nambu-Goldstone modulus boson
z
0

(t, x, y), localized on the surface of the domain wall, as
a low energy-excitation of its surface in the z-direction.
Intriguingly and exotically, one may consider a kink

profile that, despite of been localized in a space direc-
tion, it is localized in time. A new domain wall ex-
tended in three spatial dimension but localized in a time
lapse, which we dub chronons, may correspond to this
solution. By just replacing the z-coordinate with the
time variable, one can consider a kink solution, such

as �(t) = v tanh
h
�vp
2

(t � t
0

)
i
, centered in a time in-

stant t = t
0

and interpolating the two vacuum states
in the asymptotic time limits �(t = �1) = �v and
�(t = 1) = v. This solution is associated to a sponta-
neous symmetry breaking of the time invariance and to
the appearance of a Nambu-Goldstone boson localized on
the xyz surface t

0

(x, y, z).
In the case of the gluon condensate field equation cou-

pled to gravity, in a FLRW cosmological background one
can decompose the gluonic field in a classical background
field U(t) plus a non-homogeneous part — see the Ap-
pendix for more technical details. Let us consider the
limit of a static FLRW space time (a = cost). A branch
of solutions for the U field satisfies the equation

U 02 � 1

4
U4 = const , (1)

where U 0 is the field derivative with respect to the Carte-
sian coordinate time, which we denote here with x

0

⌘ ⌘.
A branch of solutions of these equations, obtained by
U2 ! U2 �U2

0

energy density vacuum shift, corresponds
to kink (antikink) profiles

U(⌘) ' vp
2
tanh[

vp
2
(⌘ � ⌘

0

)] . (2)

where v ' ⇤
QCD

. A space-like domain wall corresponds
to a kink profile of this type. Time-translation is spon-
taneously broken, and a ⌘

0

(x, y, z) moduli field arises,
with U acquiring the dependence U(⌘� ⌘

0

(x, y, z)). The
coordinate x, y, z are the domain-walls worldsheet coor-
dinates. The e↵ective corresponding action reads as

S =

Z
d4x

1

2

h⇣ @�

@⌘
0

@⌘
0

@xa

⌘
2

� V (U)
i

= const +
TW

2

Z
d3x

⇣@⌘
0

(xa)

@xa

⌘
2

. (3)

This shows that the moduli field is massless, according
to the Nambu-Goldstone theorem.
When the gravitational dynamics is taken into ac-

count, and the scale factor time-dependence is consid-
ered, a more complicated time pattern for the space-
like domain walls arises — see the Appendix for all the
technical details. In this latter case, time-translation is
not only broken down to a Z

2

symmetry involving the

T-symmetry is spontaneously broken 

A chronon is highly unstable 

A chronon is like a S-brane 

A chronon is like a tachyon like Dp-AntiDp branes 



Chronons



What we can learn from 
Gravitational Waves  

Radio-astronomy



Ottimismo 



Pessimismo 



WHY?
What’s the physics 

behind it? 



Savvidy vacuum is unstable, but its 
instability has a back-reaction 

generating GW 

Theorems are formulated to be 
dynamically broken.  
Here we violate the  

Nielsen-Olesen (NO) “dogma”



Confinement? 
Dynamically Emergent Mirror Symmetry 

(DEMS). 
Screening of chromoelectric and 
chromomagnetic contributions. 



What happens for 
Axion Dark Matter???

open questions



Why are the community not advancing in 
our understanding of QCD confinement???

1) We are too afraid to make crazy 
mistakes. We kill our originality.

2) We are too much boring,  
Mainstreams and Sectorialization, 

Young people does not find a job if not, 
Old people is reactionist by definition, 

3) We do not think enough 
slow-motion multi-tasking.  


