


Analytical description of
phase transition




Higgs picture of QCD

for N =3 (ud,s)

C.Wetterich, Phys.Rev.D64,036003(2001),hep-ph/0008150



in principle, no contradiction — there may be more than
one valid picture

most proposals say essentially nothing about the low mass
excitations in QCD, i.e mesons and baryons
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7.1 Higgs picture




can be equivalent —

then simply two different descriptions (pictutes)
of the same physical situation

I'si this tealized for QCID. 7

Necessaty condition : specttum of excitations with
the same quantum numbers i both pictures

- known for QCD : mesons + baryons -



m Condensate of colored scalar field

m Fquivalence of Higgs and confinement
description in (N~=3) QCD

m Gauge symmetries not spontaneously broken in
formal sense ( only for fixed gauge )
Similar situation as in electroweak theory

m No “fundamental” scalars

m Symmetry breaking by quark-antiquark-
condensate
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< octet > 7 0 :
m “Spontaneous breaking of color”

o Higgs mechanism

m Massive Gluons — all masses equal

m Hight octets have vev

m [nfrared regulator for QCD



< octet > # 0 :
m Spontaneous breaking of electromagnetic
U(1) symmetry

(some components of octet carry electric charge
— similar to Higgs mechanism for hypercharge
in electroweak theory)

m Combined U(1) symmetry survives
(ct. Q=I; + 2 Y in e.w. standard model)






Flavor symmetry
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Chiral symmetry breaking :

SUG); x SUB)g = SU(J)y,
Color symmetty breaking :

SUR). x SUE)y = SUR)diagonal

Quatks; : =
Gluons : =
color~ flavor

Similar to high density QCD :

Alford,Rajagopal,Wilczek ; Schaefer,Wilczek



SU<3>C X SU<3>V = SU(B)diagonal

<X>: 8 X 8:> 1+ ...

color~ flavor
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Of course , there are many more excitations

(resonances ).

Strong interactions ==) bound states






=
( quark-antiquark- bound states )
=

renormalizable interactions

for QCD with scalars
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This simple etfective action will yield the
and of the and

, (including electromagnetic
couplings by covariant derivatives ) !

( five parameters , to be later determined by QCD )



m Gauge covariant kinetic term
m Fffective potential

B Yukawa coupling to quarks

t RO ) Dy ) + U ()
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B Remember : no fundamental scalars

m Fffective couplings should be calculable
from QCD — 1.e. gauge coupling or

confinement scale



simple instanton computation

Yo = 150 MeV
MQ = 850 MeV




determine three phenomenological parameters
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B 5 undetermined

O predictions
parameters
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+ all predictions of chiral perturbation theory

+ determination of parameters




m Spontaneous color symmetry breaking plausible
in QCD

m QCD - computation of effective vector mass
needed

m Simple effective action can account for mass
spectrum of light baryons and mesons as well as
their couplings

m Gluon - Meson duality

m Quark - Baryon duality



m Use of nonlinear fields makes physical content
of the effective action more transparent.

m Similar to nonlinear fields for pions

m Sclection of nonlinear fields follows symmetry
content of the theory



m Higos picture is a guide for ideas and a way to compute
gauge invariant quantities at the end

m [ntuition can be misleading for certain questions
m Effective action, U( g,y ) : gauge invariant
m Nonlinear fields : gauge singlets

( for appropriate gauge and normalization of y )
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3) Coler ocbet scalar

m The product °

Xiyyoi =ik %A (b)), trar}s.forms as an
antidiquark
B '.Z-”»— Ua.b é:'g« }
m B=-2/3

l«/,_,R , W : um'fq;f_v 3x3 mratrices

U= W W

m v : color triplet
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linear fields nonlinear fields
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Has been investigated since long 220 1N the

context of chiral theories, describes p - bosons



Decomposition into nonlinear

fields is not unique. E.g.

N can be multiplied by unitary
transformation from left, and

W trom right.

infinitesimal transformation

QP (x)
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Kinetic term for
pseudoscalar mesons as
in chiral perturbation

theory
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m Vector channel : use singlet fields

b ol T
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(in addition to A9,y ; fermions omitted here )

m Solve field equations for colored bosons

[[Au ¢, x,p] = Tle, p)

m [[p,0] contains directly the information for gauge
invariant correlation functions
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High temperature phase transition in QCD :

Melting of octet condensate

ILattice simulations, :

Deconfinement temperatutre = critical tempetatute
fot testoration of chiral symmetty
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Questions ?
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a) Continuity

Add “fundamental’ scalar octets and' start in
petturbative Higos phase

(large negative mass term ).

Remowe scalats continuously by increasing the
mass term to latge positive values
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B [nstanton computation of U(w,y)
(iImprove by nonpettutbative flow equation )

m Check continuity between Higes and
confinement description by lattice simulation

m [Explicit construction of a local diquatk operator
with transformation W

(nonvanishing expectation value )
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