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Possible color octet quark-antiquark condensate in the instanton model
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Inspired by a recent proposal for a Higgs description of QCD we study the possible formation of a color- and
flavor-octet quark-antiquark condensate in the instanton liquid model. For this purpose we calculate two-point
correlation functions of color-singlet and octet quark-antiquark operators. We find long range order in the
standard(%/x) channel, but not in the color-octet channel. We emphasize that similar calculations in lattice
QCD can check whether or not a color-flavor locked Higgs phase is realized in QCD at zero temperature and
baryon density.
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It was recently argued that confinement in QCD can becondensate is strongly suppressed with respect to
understood in terms of an effective Higgs description whergnhe primary Higgs field, <J()\A)C()\A);¢>2<Z¢>
SU(3) gauge invariance is spontaneously broken by a color<<¢cy5()\A)C()\A)F¢>. The suppression is due to an ap-
octet quark—antiqqark_condens@ﬂe—df] (see[5,6] for earlier proximateZ, symmetry in the high density phase.
speculations in this direction At zero baryon density the dynamical origin of a possible

1 color-octet quark-antiquark is unclear. Both one-gluon ex-
TNA AT\ asb_ ~ cabs |, a b change and instantons are repulsive in this channel. Never-
(PO Ded) 2(5'351 35&1 5”)<I’b' - @ theless, given the attractiveness of the scenario outlined in
[1-4] it seems worthwhile to investigate this question be-
Here, 0*)c (A=1,...,8) is acolor SU(3) matrix and yond perturbation theory. In this Brief Report, we report on a
(Mg is a flavorSU(3) matrix. Color indices in the funda- calculation using the instanton liquid modgl5,16. This
mental representation &U(3) are denoted bg,b and fla-  model correctly accounts for chiral symmetry breaking at
vor indices byi,j. The condensatél) breaks the local gauge zero baryon density and the formation of a diquark conden-
symmetry as well as th8U(3), X SU(3)g chiral symmetry  sate at high density. The color-octet quark-antiquark conden-
but leaves a diagon&U(3) unbroken. This symmetry acts sate at high density is also induced by instantons. Further-
as the physical flavor symmetry. The Higgs fi€ld allows  more, Wetterich suggested that an instability in the instanton
for a remarkably simple description of the gross features ofnduced effective potential in three flavor QCD might be the
the QCD spectrum. Gluons acquire a mass via the Higgslynamical origin of the color-octet quark-antiquark conden-
mechanism and carry the flavor quantum numbers andate[3].
charges of the vector meson octet. The quark degrees of free- First we have to discuss how to identify the Higgs phase
dom transform as an octet and a heavier singlet and carry theharacterized by Eq1). The color-octet condensaté) is
quantum numbers of the baryon octet and singlet. not a gauge invariant operator and therefore it cannot be used

This type of Higgs description was originally proposed asas an order parameter. The simplest alternative is the square
a complementary picture of QCD at large baryon chemicabf the octet condensate. This is similar to studying the
potential[7,8]. In that case, the primary Higgs field is given vacuum expectation valU®/EV) of the square of th& U(2)

by the color-flavor locked diquark condensate Higgs field in the standard model. In the present case, how-
a b b b ever, this is not very useful. The square of the octet conden-
(YPCysy]) = (8576)— 567). (2)  sate receives large contributions from fluctuations associated

) ) with ordinary chiral symmetry breaking. This is suggested by
This condensate has the same residual color-flavor symmetgye factorization approximatiofL. 7] which gives

as Eq.(1) but also breaks th&J(1) of baryon number. At

large baryon density this is not a concern and simply corre- o g _

sponds to baryon superfluidity. The diquark condensate is ((ap()\A)c()\A)Lp)z)z8—l<¢¢>2. ®)
dynamically generated by attractive interactions in the color

anti-triplet quark-quark channel. At very large chemical po- .

tential this attraction is generated by one-gluon exchd@ge In the instanton mode{(#(A*)c(\*)£4)?) is about 2—3
while at intermediate density instanton induced interactionsimes larger than this estimate, but even larger deviations
are likely to play a role[10,11. Because the color-octet from factorization are observed in other Lorentz-scalar four-
quark-anti-quark condensat#) is consistent with the sym- quark operators. Instead of the square of the octet condensate
metries of the color-flavor locked diquark phase we expectve propose to study the color-octet quark-antiquark correla-
this operator to have a non-zero expectation value in the higtion function. If QCD can be described in terms of the Higgs
density phas¢12—-14. This expectation is borne out by ex- picture advocated ifl] we expect to observe long range
plicit calculations[12,13 but the value of the color-octet order in this correlation function. We should note that the
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color-octet correlation function is also not a gauge invariant  10°

object. This problem can be addressed by calculating the .
correlator in some fixed gauge or by inserting two gauge j
strings. One might worry that if the gauge strings are in-  10° | | I 4
cluded the correlator will no longer approach a constant ever ‘ L** Miggg
if there is long range order. Nevertheless, if the Higgs de- S g
scription makes sense there has to be a clear difference be  10° ¢ 5
tween the color-octet correlator and a generic gauge invarian Y
correlation function without long range order. ,
We have calculated the correlation functions in the color- 10" ¢ \ E
and flavor-singlet, color-singlet and flavor-octet, and color- 5 Sg
and flavor-octet channel. The correlation functions are de-§3 WHB=_
fined by 8 10 ¢ g ]
\>-</ \
Mgy (% Y) = — (TS (x,y) Sy, %)1) = LA
10° + .
HTSP TS (Y. )]), @) e
I8 (X,Y) = — (T S*(x,y) S*3(y, ) 1), (5 10" L q\L ;
g8y (%,Y) = — KT S*(x,y) S*(y,%)]) =
4 107 | e ,
+ §<Tr[sab(XyY)Sba(an)]>a (6) \Jl\
10° ! ! =
where $2°(x,y) is the quark propagator with color indices g 02 i 1 13

a,b and the traces are taken over Dirac indices. We have
assumed exact flavor symmetry. The flavor-singlet correla- FiG. 1. Correlation functions in the color- and flavor-singlet

tion functionIljyy4) is strongly attractive and expected to ([1][1]), color- and flavor-octe8][8]) and color-singlet and flavor-
approach{d;(/z)z as x—y tends to infinity. The flavor-octet octet ([1][8]) channel. The correlators were calculated in a

correlatorlljye; is expected to decay exponentially with a quenched instanton ensemble. The funcliig;s) was multiplied
characteristic massny;gj=m, =1 GeV. Depending on by a factor 3/32 in order to normalize the short distance behavior of
0

whether the Higgs description is valid we expect the color-aII correlation functions in the same way.

flavor octet correlatoflg)g) to behave similar td11;;1; or S
to T jy)q; - This might imply that the color-octet condens#éig cannot
Figures 1 and 2 show the three correlation functighs ~ P€ observed in a finite volume unless a flavor-symmetry
(6) measured in quenched and unquenched instanton liquigf€aking source term is added. The proper way to extract the
simulation. In both cases we observe long range order in thgelor-octet condensate is then to take the thermodynamic
Wi channel,IT (x)—const. From the asymptotic value limit first and set the source term to zero afterwards. In order
(] S

) _ ) - to investigate this possibility we have calculated the color-
of the correlation function we finQii)=— (250 MeV)® in

b and flavor-octet correlation function in the case of unequal
the quenched case and(220 MeV)” in the unquenched gk masses,,my,ms. This means that the flavor sym-

case. The flavor-octdl ;g correlation function decays ex- metry is completely broken. The color- and flavor-octet cor-
ponentially. In the quenched calculation the correlator beyg|ation function is given by

comes unphysical fox>0.5 fm. In the unquenched calcu-
lation the screening mass is consistent with 1 GeV. 1

We observe that the color-flavor octet correlalby s _ ( ff _ o a )
also decays exponentially. There is no sign of long range Mgz (x.y) =4 ;g TS (xx)] = 3TSF(x.0)]
order. In the unquenched calculation the screening mass is
700 MeV, while it is even larger in the quenched calculation.
We have also calculated the correlator with the gauge links
included. We observe no qualitative difference. In fact, the
screening mass is slightly increased. _ T s (x v)S99(y x

Finally, we would like to address another potential con- fEQ (TS 0aY)SgHy ) 1)
cern regarding our method for studying the scenario pro-
posed in1]. The color-octet condensatt) breaks no physi- i E S (T Si(x,y) Sy, %) 1)
cal symmetries except for the chirs&U(3), X SU(3)r 35 A
symmetry. It does, however, break the original flavor sym- L
metry of the theory. The unbrokedU(3)y is a linear com- _ = Tr S22 x v)SP2(v x 7
bination of the originalSU(3), and SU(3)c symmetries. 9 Z (TS ST - 0

X

1
T Soy.y)1- §Tr[83""(y,y)]) >
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FIG. 2. Same correlators as in Fig. 1 calculated in an un- FIG. 3. Correlation functions in the color- and flavor-octet
quenched instanton ensemblé;g;5;(gi) denotes the color-octet ([8][8]) channel for different values of the epr|C|t flavor symmetry
correlator with the gauge links included. breaking parametersm=0.0,0.1,0.2,0.3 fm'. The correlators

were calculated in a quenched instanton ensemble.
[T ab__ fcab b b fa
H?rsel,a f.9 222} zigg m{d S'Efsszszf _%tslllt i’ssgea,ssg t}; cr?;ck We should note that a similar analysis can be carried out
d b yb b for the color-singlet and flavor-octet correlation function
that in the case of exact flavor symmetf°=S3°=S.°, Il[ye; - In this case the appearance of long range order for
expression(7) reduces to our earlier resuy). We note that sm+0 would correspond to spontaneous flavor symmetry

the correlation function(7), unlike the correlator in the . — = . o
: ' : : ' breaking anduu—dd)+# 0. This possibility is excluded by
flavor-symmetric cas¢6), contains disconnected contribu- the Witten-Vafa theorem. In agreement with this theorem, no

tions. This makes it more likely to observe long range order.
In Fig. 3 we show the color- and flavor-octet correlation spontaneou; 1;Iavor symmetry breaking is observed in the in-
' stanton model.

function for different values of the flavor-symmetry breaking In SUMMary we observe no evidence for lond ranae order
paramete®m. This parameter is related to the masses of the y g rang
in the color-flavor octet channel. We suggest that lattice cal-

up, down and strange quarks by,=mo, My=mMo+dmand . . oo o the correlation functiori@)—(7) can provide a

T%=Om841r(2)62m6 3 f;esvl::‘tlsere mareo 1 S%:Lo_vfr:s kefotr ﬁfg; definitive answer to the question whether the Higgs picture
0 b suggested ifl] is realized in nature.

We observe that the color- and flavor-octet correlation func-
tion increases withdm, but again there is no evidence for This work was supported in part by U.S. DOE grant
long range order. There is also no clear evidence for a norDE-FG-88ER40388. | would like to thank C. Wetterich and

analytic dependence afm. E. Shuryak for useful discussions.
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