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Physical motivations

Astrophysical evidences supporting the existence of quark stars

In order to find self gravitating solutions an equation of state is
needed.

In many physical cases the exact equation of state is not known
or too difficult to plug it in the gravitational equations.

It is possible to find bounds on the mass of self gravitating
objects assuming some reasonable properties of the eq. of
state but without knowing its exact form: absence of
superluminal signal propagation 4 <1 and Le Chatelier
principle 20 . For neutron stars this has been done in Phys.

Rev. Lett. 32, 324 (1972)

Question: the equation of state derived from non-perturabative
quark and gluon propagators will be compatible with the above
principles?



» The lattice propagator for quarks is

YuPu + 14 Mo (p) M,
S (p) pg + Jfé (p) . I‘D (p) p? N ?”2 + ey .

My =0.196 GeV3 m?2 = 0.639 GeV2,mq = 0.014 GeV

* This propagator can be expanded in three “standard” fermion
propagators, two with complex conjugate and one with real
poles. The poles are given by

2

P (p2 + mz)2 + [Mg + 1My (pz + -m.zﬂ = (p?‘ + &-1) (p? + O:'g) (p2 + G‘g)



Partition function from propagator

 |tis possible to compute the partition function from the
propagator as sum of very fast convergent series of suitable
bessel functions
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where {a?(w,,pt), (i=1,2,3)} are minus the three roots of the numerator, af’i (w,—ip)?+m?,
{le;=1, (1=1,2,3)} and ¢4 = -2. So, everything reduces to find for a generic a;, the quantity
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|t is now possible to visualize the equation of state as a
parametric plot using

P, qu) = glog Z(T,pn),
ar
s(1',p) = o (15 1),

aP
n(T,pu) = =— (T, ),
n(1’, p) @H( /)

e(I'pn)=Ts— P+ un.

* |n order to have a single valued function P(e) the functions P(T)
and e(T) must be strictly monotonic functions (or the shape of
both non-monotonicities should exactly coincide). However this

condition fails for some range of T
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FIG. 1. The pressure P of the quark sector (red line) and its energy density e (black dots) as function
of the temperature for p = 0. It is worth to note the detail of the plot due the critical zone is very
narrow compared to the entire unit range and the values of negative P is less than 2 x 107 GeV.
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FIG. 2. The pressure P of the quark sector as function of the energy density e for ;= 0. We can see
if € <0 then the EOS cannot be defined.



Changing the lattice parameters
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FIG. 3. Comparison of the pressure of the quark sector as function of temperature in the critical zone
g . . . . .
for 1 =0, M3, m* and mq given in 2, and a +10% modification of these lattice mass parameters.



* Once the existence of the EOS has been insured the causality
and Le Chatelier’s principle are satisfied
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FIG. 5. The squared sound velocity of the quark sector as function of the temperature for p = 0.



Adding gluons

* Propagator form the (refined) Gribov-Zwanziger approach

; . pz +N? ( c PuDv ) cab : ( - Pubv )
A% (p) = § Oy — == | = SPA(P?) 6,0 - =2
wlP) P+ pA(NZ+m2) +m2NZ+ MY p2 7)o P ]

N2 =251 GeV?,
m?2 =-1.92 GeV?,
A =5.3 GeV4.
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FIG. 10. The gluon pressure (red line) and gluon energy density (black dots) as function of temperature
for ;=0 in RGZ approach.



0.008 T T T = 1 y 0002 T T

Fesacet —— Lsttice: Values for N°2, m*2 and {/Symbl e —
+10% - +H0% -------
A0 ey T
0006 - 4 oo
0004 - . 0001
a §
% 5
& &
& o2t 5 0 .
4 g -
2 i e
i H N
. 8 I
] g 4001 \
-‘_\""'-'r,._ -{I‘_f e,
.-"'-' —
o0z |- ' 1 a0zl
_aum l 1 1 L _u_m!l 1 bl 1 1 1 1
i 0.1 02 02 04 05 0003 0002 0001 0 0.001 0.002 0.003
Temperature |GV} Enengy Density (Gel"4)
(a) (b)

FIG. 11. (a) The pressure as function on temperature for g = 0 and different values of the lattice
mass parameters in RGZ approach. We see in this critical region, the EOS is not well-defined. (b)
The pressure as a function of the energy density for different values of the RGZ parameters N2, m?

and \*. We observe an EOS seems to be almost well-defined when the RGZ parameters are modified
+10%.
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FIG. 8. The squared velocity as a function of the temperature in GZ approach.



Conclusions

We analyzed the existence and properties of equations of state
arising from non perturbative quark and gluon propagators.

In order to reduce as much as possible the numerical error we
used the ¢ function regularization method

In the case of quarks we have found that using the usual value
of lattice parameters the pressure and energy density are not
monotonic functions of the temperature so there is a range
where the equation of state is not single valued.

Changing the fit parameters of at least 10% the feature
disappears.

In the gluon case we used the RGZ propagator. Also in this
case there is a range where the equation of state is not single
valued. Also in this case changing the parameters of at least
10% can make the feature disappear.



« The modification of the parameters physically corresponds to
change the complex conjugate poles in the non-perturbative
propagator for real ones. This is only way to have monotonic
functions. The real poles still violate positivity .

 The problem is that the lattice data today are already much
more precise than 10% son it does not seem a viable option to
modify them to solve the problem of non-existence of eq. of
state. The same problem for the RGZ propagator as modifying
the parameters would make the propagator off scale with the
lattice data.

« An explanation for non-single valued eq. of state can be some
missing information when considering strongly interacting
matter i.e. some extra physical parameters are necessary to
label the equilibrium states.
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