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@ QCD phase diagram at finite
temperature and quark density

(Paolo Cea, L.C., Alessandro Papa)
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@ The determination of the QCD (pseudo)critical line (exact location and nature of the transition) is
related to many important theoretical and phenomenological issues.

For example:

4 the physics of the early universe (high T and low baryon density region)

4 the physics of the interior of some compact astrophysical objects (low T and high baryon
density region)



@ The QCD (pseudo)critical line can be parameterized by a lowest order Taylor expansion
in the baryon chemical potential:
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@ Lattice QCD can be used to locate the QCD (pseudo)critical line.

BUT the “sign problem” prevents us to do simulations at real
nonzero baryon chemical potential.

@ Possible way out: analytic continuation from an imaginary chemical potential (other
methods: reweighting from the ensemble at ug=0, the Taylor expansion method, the
canonical approach, the density of states method).

@ Estimate of the (pseudo)critical line by the method of analytic continuation of
(2+1) flavor QCD using the HISQ/tree action.



Lattice setup and numerical simulation

@ Highly improved staggered quark action with tree level improved Symanzik gauge

action (HISQ/tree) with 2+1 flavors as implemented in the MILC code
(http://www.physics.utah.edu/~detar/milc/).

@ Calculations on a line of constant physics (*): as the gauge coupling is increased the bare
quark masses have been adjusted such that the values of hadron masses in physical units
(evaluated at zero temperature) stay approximately constant. The light-quark mass has been
fixed at m;=my20. (M7= 160 MeV)

(*) as determined in A. Bazavov et al (HotQCD Collaboration), PRD 85, 054503 (2012))

@ In the present study we assign the same quark chemical potential to the three quark
species: B = ps == pp/3

@ To perform numerical simulations we used the MILC code suitably modified in order to
introduce an imaginary quark chemical potential u=us/3.

That has been done by multiplying all forward and backward temporal links entering
the discretized Dirac operator by exp(iau) and exp(—iau), respectively.

@ All simulations make use of the rational hybrid Monte Carlo (RHMC) algorithm.
(The length of each RHMC trajectory has been set to 1.0 in molecular dynamics time units.)


http://www.physics.utah.edu/~detar/milc/

Strong scaling test (MILC code with imaginary quark chemical potential)
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Strong scaling test (MILC code with chromomagnetic background field)
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Numerical results
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Setting the lattice scale

The lattice spacing can be determined using the slope of the static quark-antiquark potential
on zero-temperature lattices (we use results of MILC and HotQCD collaborations (*)).
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(*) as discussed in Appendix B of A. Bazavov et al (HotQCD Collaboration), PRD 85, 054503 (2012)



The critical temperature vs. imaginary quark chemical
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Linear fit (in u2) to the data
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for the 163x6 lattice:
R, = —1.63(22)
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line:
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Estimate of the (pseudo)critical line
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@ Fluxtubesin the QCD vacuum

(Paolo Cea, L.C., Francesca Cuteri, Alessandro Papa)
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@ QCD in external background fields

(Paolo Cea, L.C.)

Background fields on the lattice can be implemented by means of the

gauge invariant lattice Schrodinger functional
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spatial lattice links belonging to a fixed time slice (and to spatial boundaries) are constrained

@ Abelian Chromomagnetic Background Field:
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Chromomagnetic background field (2+1) flavor QCD

We work on a line of constant physics (M= 160 MeV)
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The deconfinement

Chromomagnetic background field temperature
HISQ/tree action 2+1 flavors depends on the
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Magnetic background field - 1 flavor QCD

staggered fermions + Wilson gauge action, 243 x 4 lattice, am=0.025
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In progress:
e EOS with magnetic
background field
e study with HISQ
fermions
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@ Most of the topics that | have discussed could not be addressed
without the new computational resources that the SUMA project
has provided to the INFN computational community.
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at INFN.



