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Takingthreeorthonormabasisstatesand constructinghe Lagrangianwe have obtained
theunitarytransformatiormatrix andmasssquarednatrix of n,n’ andi. Thetemperature
dependencef thesepseudoscalamesormasse$iasbeenstudiedwhile gettingthe value
of themassof oneof thebasisstates); by takinginto accounthegluoncondensatgalue
whichyieldsthe puregluoniummassestimate Variationof their massesvith thetemper
aturehasalsobeenstudied.Thecalculationgor theradiative decayf thesepseudoscalar
mesondave alsobeencarriedout andtheresultsareencouraging.

1. Introduction

The phasetransitionin quantumchromodyamicsis a well known phenomenoiil,2]
andit is arguedthat the Hamiltonianis chiral invariantat high temperature Variation
with temperaturef the masse®of the pseudoscalamesonsvasstudied,andit hasbeen
found thatn’-massvariesmorerapidly with temperaturéhann-mass whereas®-mass
remainsalmostconstantyhichindicateghatn andn’ aremixedstatesof quarkoniumand
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gluonium,i.e., thevariationof themassof thatmesonis largewith temperaturavhich has
large contentof gluoniumasits constituent.

Oneshouldemphasis¢hat Pisarsy andWilczek [1] haddiscussed), —r(1) symme-
try restoratiomat high temperatur@nddiscussedhe effectsfor spectrunof pseudoscalar
mesons® — n —n'. They pointedout that the masse®f the pseudoscalamesonswith
highergluoniumcontentdecreaseapidly with temperature.

Senand Gautam[2] have shovn thatU, _r(1) breakingis associatedvith the emer
genceof the gluon enrichedmeson. They have shawn the effect of gluon contentfor
1 —n —n’ systemsn theiranalysis.

In our approachdescribedn the following section,we dealwith the massterm of
the Lagrangianln the processthe connectiorof the physicalstateso the puregluonium
andquarlonium stateshasbeenevaluatednumerically and out of a numberof solutions

obtained,the bestchoicehasbeenutilised in our analysis.By this mixing processwe
constructhe masssquarematrix.

2. Theory

To studythe gluoncontentin n,n’ andi, we startwith threeorthonormabasisstates
ns,N1 andip, whereng is amemberof the U (3) octet,n4 is A (3) singletandig is two
gluoncoloursingletstate| gg >. Thus,herethebasisstatesare

1 _ = _
| ns >:6|uu+dd—25$>,

1 _ -
|n1>:§|uu+dd+ss>, (1)

|to>=|gg>.

Thethreephysicalstatesaren,n’ andi, which arethe mixed statesof ng,n; andig. The
mixing anglesarethe Euleriananglesandthesestatesarerelatedby matrix equation,

N1 ) (2)
where
A = coso cospcosy— sina siny,
B = cosBsina cosy+ cosa siny,
C = —sinfcosy,
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D = — coso cosB3 siny — sina cosy,
E = — sina cosBsiny+ cosa cosy,
F = sinfsiny, 3)
K = cosa sinf3,
L = sinasinp,

| = cosB.
For the physicalmasse®f n,n’ andi, the Lagrangiardensityis of theform
~Lm=mn?+nmén” + @2, 4)
Expressinghysicalstatesn termsof the basisstatedrom Eq. (2), wefind Eq. (4) as
—Lm=m§(Ang+ Bn1+Clo)* +nt,(Dng+
Eni+F10)? + m(Kng +Lni+110)?, (5)

wheremasse®f the basisstatesaregivenby
Mg = MRA® + 17, D? + Pk, (6a)
My, = MGB% 4+, E + nPL?, (6b)
M, = meC?+ G, F 2+ 12, (6c)

Herem,, my andm aremasse®f n,n’ andi. We have takenm,, = 0.571GeV[3]. So,
we gettherequiredmasssquarematrix as

) mles m€231 rT%Q
MZ=| mg my mig ). (7)
rT%Q m%g mzo
Wewill latershov how thetemperaturélependencef massesf thepseudoscalanesons

have beenincorporatedn ouranalysisNext, we havetriedto find theboundonthemasses
of my, andm,, andthuswe will beableto getthe unitarymatrix.
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3. Determinationof themasse®f then; andig states

Equationg6a)and(6b) give

mp, +mé, = mi(coga cosP cosy+sirfa sinfy+cos B sirfa cos'y
+cofa sirfy) + mg (coda cos' B sirfy+sirfa cos'y
+sirfa cogp sify+coga cosy) + m(cosa sirfB+sirfa sirB)

= [(m§ coS'y+ N, sirPy) — nf] oS’ B+ [ siny+ m?, cos'y+ ], (8)

M2, + Mg, — (Mg sirPy-+ g, coy) — ¢
Mg coy+ g, sinfy— g '

Assumingboththe numeratomnddenominatoto be negative, we getthe constraintrom
Eq.(9)

cogp = 9)

my, > 0.95GeV. (10)

Eq. (6c) mayberearrangedo give

(M@ cos'y+ N, siny+ nf — ) — mz-

cos'p= (MR cofy+ g, sin’y) — P (1)
Comparingegs.(9) and(11),we get
Mg, = 2.977— .. (12)
Therefore,
my, < 1.725 (13)
FromEgs.(10) and(13), we getboundson the massof m,, as
0.95< my, < 1.725 (14)
FromRefs.[4] and[5], we get
<0| %T[Gg"Gﬁv |0>=0.11GeV*. (15)

Thedecayconstanbf thepuregluoniumstatein termsof the massof puregluoniumstate
andgluoncondensat&, canbe estimatedrom [6]

= 1 tbay), (16)

f.m2
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where
11 2
b=3Ne—3Nr,

N: andN; beingthe numbersof coloursandflavours,respectiely, and
Go=<0|GY'G],|0>. a7

Eq. (15) providesthe valuesof m, andthusfixesm,,. In this way, the condensatealue
providesm, = 1.43 GeV with f, = 0.2 GeV [7] andthe massof n; turnsoutto be 0.96
GeV So,thesewo valueshecomeapparenthfixedif gluoncondensates fixedatthevalue
givenabove (Eq. (15)).

4. Incorporation of tempeature in the massmatrix andstudy
of its effect

Our motive is to studythe temperaturelependencef the masse®f the pseudoscalar
mesonsFor this purposejn our approachijt is essentiato have a knowledgeaboutthe
valuesof the anglesa, 3 andy. We have takenthe angley asvariableandsolved for the
anglesa andp . As alreadyexplainedin the earliersection,m,, turnsoutto be0.96GeV.
The otherunknavn parametemwhich remainsto be determinedy, hasalsobeenfound.
Thevaluesof y in therangeof 35° to 45° canreproducanasse®f then,n’ andi mesons
correctlywhensolved for masssquarednatrix. So, the setsof unitary matriceshave been
chosercorrespondingo thesevaluesof y. We have alsonotedthatwithin this rangeof y
valuesthe only choiceof m,;, = 0.96 GeV reproduceshe correctmasse®f n,n’ andi.
Thesesetsaregivenin Tablel. Fromtheseresults,t is clearthati is gluoniumdominating

TABLE 1. Setsof unitarymatricesandvaluesof Eulerianangles.

SETI y=4C, a =3742, =6.35
|n>= 0.91|N>+0.38| S> —0.08| gg >
|n’>=-0.49| N> +0.83| S> +0.07| gg >
|t >= 0.11| N> +0.03| S> +0.99]| gg >

SETII y=45, 0 =414, 3 =6.47
|n>= 0.84|N>+0.52|S> -0.07|gg >
|n’>=-0.64| N >+0.76| S> +0.08| gg >
|t >= 0.11| N> +0.02| S> +0.99| gg >

SETII y=35, a =3371°, f=6.25
In>= 0.99|N > +0.24| S> —0.08| gg >
|n’ >=-0.33| N >+0.89| S> +0.06| gg >
[t >= 0.10| N> +0.03| S> +0.99| gg >

FIZIKA B 6(1997)4,213-220 217



NANDY ET AL.. TEMPERATURE DEPENDENCE OF PHYSICAL PSEUDOSCALAR...

statethoughn’ is enrichedwith gluonium,but percentagef gluoniumin n’ stateis less
thanthat of | state.In orderto studythe presentproblem,we usethe following mass
matrix, whichis ageneralizatiorf the quarkoniummasamatrix of De Rujula, Geogi and
Glashav [8] andlsgur[9] andseveralotherauthorg10-12].We have usedthis to discuss
the0~ n—n'—1 mixing. The masssquarematrix is

mg+Ass  V2ha1  V2\gg
M? = V2\g1 M 421 A1g
V2\gg Mg Mg+ Agg,

(18)

whichis sameasgivenin Eq. (7), wherethe parameteragg,A11 andAg; denotethe inter-
actioneffectsbetweer(8,1)and(8, 1).Agg, A1g aretheinteractioreffectsbetweenr(8,1)and
G. The parameteiqy denoteghe possibleinteractionbetweengg. The massof the pure
glueballis denotedmy. Following Wilczek andPisarsk [1], the temperaturelependence
of the massmatrix hasbeenincorporatedy addingthe temperaturelependentermP in
the (3,3) elementsof the massmatrix givenin Eq. (18) relatedto the anomalycontent
appearingn the theory From Senand Gautam[2], we getthe functionalform of P by
definingP = C' — Co , whereC' = {cosi{BMp) — 1}M3[2], andB = 1/T, whereT is the
temperatureandMp is the pseudoscalamesonmass.For the tuning of the zerotemper
ature,masse®f n, n’ andi (i.e., their physicalmassespur constaniCy turnsout to be
1.95GeV2. Thefunction[cosi{MpB — 1)M3] decreasewith theincreaseof the tempera-
ture(givenin Fig. 2) andfinally vanishesat high temperaturavhich signifiesthe effective
restoratiorof theU, _r(1) symmetry We arenow examiningthe natureof the variationof
themasse®f n, n’ andi with temperatureintroductionof P gives

0.1 | 1 l

Fig. 1. Variationof pseudoscalanesormassesvith C'.
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usaclearpictureon the variationof thesepseudoscalamassesvith temperaturgFig.1).
We have plottedthe masse®f the pseudoscalamesonsagainstC’. We obsenre that for
C' > 1,1 massncreasesuchrapidlythanthemassesf n’ andn. Ontheotherhand when
C’ < 1,increasingateof my is quitelarge.At C' = 0, wegetmy = 0.606GeV, m, = 0.213
GeVandm = 0.969 GeV. Below C' = 0.5,m, decreasesapidly, but m remainsnearly
constantAt C' = 1.95, my = 0.958GeV, m, = 0.558GeV andm = 1.46 GeV.

204
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| | 1
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Fig. 2. Variationof C' with temperature.

Now, we obsenre the variationof the functionC’ with temperaturéFig. 2). The natureof
thegraph(Fig. 1) depictsn’ astheclosesgluonenrichedcandidateo beidentifiednext to
| amongsthe pseudoscalanesons.
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TEMPERATURNA OVISNOSTMASA FIZICKIH PSEUDOSKALARNIHMEZONA
(n,n’ i 1) UZ KONZISTENTNUMATRICU MASE | UNITARNU MATRICU

Polazé&i odtri ortonormiranasno/nastanjai konstruiranodagrarzijana,izveli smouni-
tarnupretvorbenumatricui matricukvadratninmasamezonay,n’ i 1. Prowtavali smotem-
peraturnwovisnostmasatih pseudoskalarnimezonaDobili smovrijednostmasejednog
odosnavnih stanjan1 uzimajlei u obziriznosgluonslogkondenzatoji dajecCistuocjenu
masegluonijuma.Promjenenjihove masestemperaturonsmotakoder progili. IzraCunali
smoi radijativni raspadih pseudoskalarnimezona rezultatisuohrabrujEi.
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