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QCD phase diagram

> 200F m
@ S
= < Quarks and Gluons
= (:2:' Critical point?
o 2 ® >
3 ) O,,,?
e,

L 100t = Hadrons n,y
£ g %,

X 7,
@ “ & %

J;.
& %
Color Super-
Neutronstars  conductor?
h 4 Y
0 1 e

Nuclei Net Baryon Density




No sign problem in QC,D

o Eigenvalues of D : +i), det (D + m) = [[,(A\> + m?) > 0

@ But det(5 — pya + m) is complex

. det[M(uq)} — det[(rzcryg,)*l M(11q) (Tzc%)} _
= det[/\/l(,uz)r, where C = 727,

@ In LQC,D with fundamental quarks det[l\/l(,uq)] is positive

definite at real piq [see S. Hands, |. Montvay, S. Morrison,
M. Oevers, L. Scorzato, J.-I. Skullerud, EPJ C17, 285 (2000)]

At real pg in QCoD
det[/\/l(uq)} is real, det [MT(Mq)M(Mq)} >0 at mg #0.




Global symmetries in SU(2) QCD

W o,D 0 (A
L= '¢’Yu ;ﬂ;z) = (ﬂﬁi) < MO g _UITLDH> <¢R>

oy = (0K, —i), 020,02 = —O’I
4-spinor may be defined as WV = <Z£’:> = <02f2L1/1*R> and

@h) (UMDM 0 ><m) _ ot
L= <¢R 0 0,0, IR iV'o,D, WV

@ SU(2N¢) symmetry instead of SUr(Nr) x SU.(Nr)

@ Symmetry breaking scenario is 5U(2Nf) — Sp(2Nf),
Goldstone bosons (Nf = 2): 7,7~ 7%, d, d




Similarities between QC,D and QCD

@ Phase transitions: confinement/deconfinement, chiral symmetry
restoration

@ Some observables (normalized) are nearly equal in both theories:

Topological susceptibility [B. Lucini et. al, Nucl. Phys. B715 (2005) 461]:
x4 /o = 0.3928(40) (SU(2)), x/*/\/o = 0.4001(35) (SU(3))

Critical temperature [B. Lucini et. al., Phys. Lett. B712 (2012) 279]:

Tc/\/o =0.7092(36) (SU(2)), Tc/v/o = 0.6462(30) (SU(3))

Shear viscosity:
n/s = 0.134(57) (SU(2)) [N.vu. Astrakhantsev et. al., JHEP 1509 (2015) 082]
n/s = 0.102(56) (SU(3)) [H.B. Meyer, PRD 76 (2007) 101701]

@ Mass SPectrum (T. DeGrand, Y. Liu, PRD 94, 034506 (2016))

("] Thermodynamical properties (M. Caselle et. al. JHEP 1205 (2012) 135)




Tentative phase diagram of QG,D
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Diquark source

In QG D there is a possibility to add diquark source to the action
to study spontaneous breakdown of U(1)y:

Sf = XZ}; [Yx M(p1q)xyxy + %5&/ (XTT2X + YT?YT)} )

which modifies partition function as follows:
1
Z= /DU det [MT(,uq)I\/I(Mq) 4 )\2} 2 e—SclU]

instead of

7= / DU det M(pq)e~ 61Ul

(qq) is colorless, gauge invariant and thus may be measured.




Action and lattice set-up

We study N = 2 of rooted staggered fermions:

ISP

Z = / DU det [ M (1q)M(ug) + X2| * =56 1V,

where Sg-"pr'[U] is the tree-level improved gauge action and

4
1
M.y (1q) = mqadxy, + 2 Z (%) [Ux,u‘sxw,yeuqaé”"‘ -
p=1

T
- UX—[),“LL

5X*ﬁ7y eiuqa(su"l :




Simulation parameters

o Lattices: 324 (T = 0), 323 x 24...8 (finite temperature)

e =18, a=0.073(1) fm (from /o = 440 MeV), Ls ~ 2.3 fm
e ma = 0.0075, M, = 434(24) MeV; M;Ls =~ 5

e Fixed A = 0.00075, \? << (ma)?




Zero temperature results: chiral condensate
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Zero temperature results: baryon density
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@ Plateau for apg € [0.25;0.35], quarks inside the Fermi sphere




Zero temperature results: diquark condensate
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@ Baryons on the Fermi surface




Zero temperature results: V@Q
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@ Potentials were extracted from (Tr[L(0)] Tr[L*(r)])

@ HYP + APE smearing were employed (HYP2 par. set)




Zero temperature results: Vi, fitting (Cornell)

uq, MeV

0 250 500
0.025 T T

Cornell fit —+—

0.02F E

0.015 i % {, B

0.01 | 4

oa

0.005 q

-0.005 ERN

0.01 I I I I I
0 0.05 0.1 0.15 0.2 0.25

TS

@ Fit with V(r)=A— B/r+or, r €[3.0;6.8] }

@ Not suitable for apg > 0.2, o becomes negative




Zero temperature results: Vi, fitting (Debye)

250 500 750 1000 1250
0.9 T T T T

0.8 |- m
0.7 |- B
06 - £

0.5 4

mp

04 | s 4
03 | 4
02 4

01 | q

o L I I I I I I I
0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

Hya

@ Fit with V(r) = Vo — Be™™"/r , where Vo = —2TIn(L), r € [3.0;7.8]
@ x?/dof > 1 for aug < 0.2, but for aug > 0.2 it drops below 0.35




Zero temperature results: Polyakov loop
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Finite temperature results: Vi,
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Finite temperature results: Vi,
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Conclusions

o Crucial difference in the behaviour of Vi5,(r) in the hadronic
and BCS phases. At low temperatures Vi5,(r) clearly
saturates in the dense phase

e BEC-BCS transition is not easy to locate

@ Debye potential seems to be reasonable fit at large enough 114

Ongoing study

@ Gluon propagators

@ Monopoles

The next talk by O. Hajizadeh is also devoted to QC,D J




Thank you for attention



Z> monopole density
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Average plaquette
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