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. QCD phase diagram.

* Why we should be interested in QCD with
finite Isospin chemical potential u

* What we already know about this regime
* Low energy effective theory

* First order deconfinement phase
transition

* Equation of state and phase diagram
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diagram: the success
so far

» Low u_and low temperature -

Hadronic phase — handled using
effective theory.

» High u_and low temperature — Color

superconductors — perturbative
calculations using QCD.

» Low u_and high temperature - QGP -
lattice calculations.



ase diagram: the not so
ful part.

. Moderate p_and low T regime is
| relevant for neutron star physics.

* |In this regime no handle except model
calculations.

» Lattice QCD falls due to sign problem.
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in ( 4 ) regime:

"« Learn all we can about QCD with
chemical potential when finite u_ regime

IS hot accessible.

* Tractable using lattice — no sign
problem.

- Nonzero u present in neutron stars due
to the suppression of proton fraction.



)it considered in this talk

~ » QCD with two degenerate flavors of light
quarks.

- Asymptotically high u .

o Set M., to zero.



eatures of this Iimit

"« Atlow T, this limit of QCD is equivalent
to SU(3) Yang-Mills.

* Expected to undergo a first order
deconfinement transition just like SU(3)
Yang-Mills with changing T.

» Scale of this deconfinement transition
can be calculated using effective theory.



vatures of this limit (contd.)

* Observables in the strongly coupled
regime of this limit can be related to the
observables of pure YM which is
amenable to straightforward lattice
calculation.

 For example, the EOS in this limit can
be calculated using the EOS calculated
In pure YM on lattice.



vature of this limit (contd.)

 The phase diagram at moderate isospin
chemical potential is likely to have either
a critical point or a triple point or a phase
transition somewhere on the T=0 axis.

* Only a lattice calculation can settle this
as this regime is beyond the reach of
perturbative calculations.



angian at low isospin with matrix pion fields :

2 m22

Log = I’”TrVI,EVI,ET ; TReTrY

where, \VIEGRY

Vo2 = Oy ;;I (’7'32 — 27_3)

o there Is a charged pion condensate.



h isospin

"« Fermi liquid of anti up quarks and down
quarks.

o Attractive interaction at the Fermi
surface leading to Cooper pair formation

in the <uy®d> channel.

 The condensate has same quantum
numbers as the pion condensate.



sospin

"+ The condensate is color neutral — no
Meissner screening for gluons.

* At temperatures below the gap no
Debye screening either for the gluons.

* At low T the quarks are gapped — only
pure gluodynamics (SU(3)).



sospin

> 2
« However.¥ = 152 is not the complete
picture.

» Despite being bound in color singlet
Cooper pairs, the quarks can partially
screen the gluons altering the chromo
dieletric constant € of the system.



sospin

~« € and )\ (chrormo magnetic
permeability) can be calculated by
Integrating out the quarks around the
Fermi surface.

e The deconfinement scale Is related to €

* Our results for the deconfinement scale
as a function of 1 should be
compared with future lattice calculations.



with two flavor color
conductor (2SC phase)

Moderate U B : two quarks forming a
condensate that breaks color SU(3)
down to SU(2).

Five of the eight gluons acquire
Meissner mass. Three remain massless.

Pure SU(2) gluodynamics at
temperature below Debye mass. The
guarks alter the chromo dielectric
constant of the system.



the effective Lagrangian

om the microscopic theory
-+ Microscopic Lagrangian:

_ 1
L = w(ZWMDPJ T MIP}/OT?))w - Z(FMM)Q

u
where 1) = (d) D, = 9, —igAjt"

F?, = 0,A%—0,A%+g fabcAfLAf;

» Rewrite using ) = (g) d = sd



propagator using the gap

) where

609 = 3~

e AL
(k) =) =
Lt kT — (e5)?
eN ¢
2F(k) = —i (
(k) ; —kg — (e5,)?




rgy effective action

The effective action:

1
4 2 2
Sane =3 /d (E—ﬁB)

where E¢ = F]. B} =€, F;
* The polarization tensor can be written as

1)) (g0, a) = —(e — 1)|a]*Sap

20 S
Hajb 2 8 — _(E o 1)‘]3




arization can be calculated as

&k | |
I (q) = gQTZ/ (Q?T)B)Trace V't GT (k) 6,GT (k — q)
ko

+7't, G~ (k)Y t,G™ (k — q)
+7t. 27 (k)Y 8, X7 (k — q)
+7' 2T (k)Y 6,57 (k — q)]

the imit T — 0 and around g, and |q| - O

. 2 2 2
g pilal® 11— _97H14% 513 §
1872(A)2 ab — 1872 (A)?2 ab
2 2

| Baoso A=1 =14 otk




n can be recast as
1

_ 4(9”)2 /déan(Fn)Q
__ t” — % ASH _ \/EABL gH — 619}4

energy scale reached A from below at which point
he coupling needs to be matched as follows




lew confinement scale can be found as

~ 2
A= Aexp ( bga”(A)>

= AExp | -2V 27 ol

2re b =11 for pure SU(3) YM.
372

29(pr)

Ne gap is given by A = blus|g (1)~ exp(
re b — 10°

)
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f state

"« In our problem, other than the pure YM
at low energy we also have a Goldstone

mode corresponding to the spontaneous

breaking of | .
(8) > (3

* The gluons and the Goldstone mode

don't interact.

* Hence the pressure at low energy

P(T) :T4f(
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gram: Scenario 1
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gram: Scenario 2
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at very high isospin chemical potential
degoes a first order deconfinement transition
with increasing temperature.

 \We calculate the scale of this deconfinement
transition.

Our prediction for this deconfinement scale as a
function of u should be tested using lattice.

he EOS In the strongly coupled regime of this
It of QCD can be obtained using the EOS of
re YM found using lattice.
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