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We give a detailedstudy of the two-gammadecayof someheary pseudoscalamesons
usingthe pole-dominancenodel. The transitionmatrix elementsof P to bareglueball
(G° arealsocomputedandit is foundthatthe P, to glueballcontritutionis comparable
with thatof P_ to €. From our results we have obtainedthe two-gammadecaywidth of
D, andanupperlimit of thetwo-gammadecaywidthsof B, andBs,. mesons.

1. Introduction

In our previouspapet1], we have evaluatedwo-gammadecaywidths of someheary
preudoscalamesonsn the Standardviodel, andit hasbeenfoundthatthe decaywidths
arevery small. The reasonfor this is thatin our earlier paperwe have taken into con-
siderationonly the shortdistancecontribution, neglectingthe long distancecontribution
for thesedecays.Thelong distancecontritution for P — 2y decaycanbetakeninto ac-
countby the mesonpole model.Hence we have startedwith a phenomenologicaheson
pole modelandfor this purposewe have taken the contritutionsfrom 1°,n,n’,1,n¢ and
Np pseudoscalgpoles. Herewe wantto mentionthatn,n’ andi are SU(3) mixed states

1E-mail: tpvpg@iacs.ernet.in

FIZIKA B 6(1997)3,149-156 149



ROUTH AND GAUTAM: POLE DOMINANCE MODEL AND THE.. ..

of quarkonium and gluonium. Now, in orderto obtainthe two-gammadecaywidth of
D° meson,we shouldconsiderthe 20" dimensionarepresentatiosU(4) symmetry be-
causen thestandardheory Hy canbedecomposeihto theformHy ~ c_O_ +¢;O4(+
penguin).ThenH,, transformdike H,, =~ 20" underSU(4) symmetryunlessthe penguin
contribution is magicallyenhancedFor simplicity, we may assumehatin the caseof B
mesondecay SU(4) symmetryis formedwith the (u,d,s andb) quarksinsteadof (u,d,s
andc) quarks Here,for simplicity, we alsoassume), asapurebottoniumstateandn¢ asa
purecharmoniunstate For calculatingtwo-y decaywidth of PL. mesonwe havetakeninto
accountheglueballandcharm(or bottom)contrikutionalongwith n andn’ poles.There-
fore, the mixing of thesepseudoscalamsith the glueballis to betakeninto consideration.
Theexistenceof pureglueballis a clearpredictionof QCD, but evennow the experimental
detectionof suchparticlesis not possible.The mesonpole approacthasbeendescribed
by otherauthorg2-6] to considerthe long distanceeffectsfor K. — 2y decay Hence,in

our paperwe consideithe effectsof all possiblepolesonthe . — 2y decayby assuming
SU(4)symmetry

2. Theory

Thepole contributionsto theamplitudeof P — 2y decayaregivenby

AR — 2y)

A(szwzgm"lelPL mg, e (1)

wherethe summationover P, is over all possiblepoles, thatis ©,n,n’,1,nc andny; AL

refersto D ,B; andBg,. In generalrlo,n,n’ andt will mix, butit hasbeenshavn thatthe

mixing of € with othersis very smallandcanbeneglected Now, 1) is stronglydominated
by ng componentandsmall partof n; andGP, while )’ containsa smallng component
andlargeshareof otherstateswith ny andGP. Also, | shouldbe primarily a superposition
of G® andn; anda very smallcomponent)g. The physicalstategn),|n’) and|i) canbe

expressedn termsof the standardSU(3) statesbelongingto the 1 + 8 representatiorand

their mixing matrixis givenbelow as

In) = a1|ng) + az|n;~ ) + as| G,

I’y = b1|n8>+bz|r;}3‘ 9) + bs|GY), 2)
1) = du|ng) + dalny- Py + ds| G2,

where
a= 097 a=0.22 az3=-0.004
bi=-0.24 b,=0.89 b3=-0.016
d=20 do=0.02 d3= 0.092.

Let usdefinetheratio of thevariousdecayamplitudesof P° as
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e ©)
Ry = {1l ©)

wherePP refersto DY,B% and BY. Here the weak HamiltonianHyy, for the decayof P°
mesonsactuallybelongsto the 20" dimensionakepresentationf SU(4). The SU(4) CG
coeficientis the productof [SU(2) singletfactor]x [SU(3) isoscalarfactor]x [CG coefi-
cientsfor SU(2)].1n the SU(4)considerationusing[7], we have obtained?;, R, andR, as

v/1/3,+/2/3 and+/1/3, respectiely. For simplicity, we define|ng) as
Ing) = |qa), )
whereq indicatesto b or c quarkand|n},|n’) and|1) are SU(3)mesonssothey arefree

from the |n20) state.We canexpress|ng) in termsof three statesof 20" dimensional
representationf SU(4)in additionto gluoniumstate| G%)

[Ng) = p1/ns) + pzlnf“(s)> + P3| G®) + panao), (8)

with p1 =0, p2 = 4/1/3,ps = 0 and ps = —4/1/3. Taking all the mesonpolesinto ac-
count,we canwrite thetwo-gammadecayamplitudeof P_ as

A>T — WEZ)ET:?%HMPO) y ©)

Mo — M2 A(N — 2)
{1+méo_m%A(Tlo_>2V)(R1a1+R2a2+R3%)+

A(RL = 2y) =

MBo — M A’ — 2y)
m,zjo — mﬁ/ A0S 2)) (Ryb; + Roby + Rsbz)+

Mo — M Al — 2y)
mlzjo—mle(nO—>2y)

(R1d1 + Rod + Rads)+
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Mo =M% A(ngq — 2y)
mgo — Mg, A(T0 — 2y)

(Rep2+ R4p4)}-

3. Calculations

3.1. Determinationof R3

Thelowestordercontributionsto P. — G°(2g) is shawn in Figs. laandb. The eval-
uation of thesediagramsis straightforward and can be carriedout in a way similar to
thedecayP. — 2y [1]. Herewe needto changethe couplingof the quarkphotonvertex
Qey,gA to the quarkgluonvertex gsGyu(A°/2)qGy, where(A¢/2) is the SU(3). genera-
tor. Theamplitudeof the P. — 2g transitionis givenby

9G —
AR = 2g) = =22 1,5, GG Y ReVimVin)[Al + AT, (10
b(b
_B{b) U gt RO T STTEr J 4 (b) U,y C,yt
W Yuge,t
—- - g
d(s) uycyt 2

(a)

Fig. 1. The lowest-ordercontritutionsof P_ (i.e. BL andBg| ) to glueballtransitionam-
plitude: a) the reduciblecontribution, andb) the reduciblecontritution from the penguin
diagram.Note: In the caseof D mesonp andd will bereplacedby ¢ andu, andu,c andt
will bereplacedby d,s andb, respectiely.

whereV;j is the Kobayashi-Maskaa matrix element,i = u,c,t for B andBs. andm=
d,n= b for BL andm= sandn = d for Bt mesonwhereador D mesoni = d,s, b and
m= candn= u. Al is theirreduciblecontritution andis obtainedrom Fig. 1aas

A :%Z%yln [1—y(1—y));—'_3], (11)

wherex; = (m?/mg,),xp = (mg/m3,) andAR is thereduciblecontritution andis obtained
from Fig. 1bas:

(12)

R_ 1—5x@—2x1-2_ 6x2Inx;
A“_EH[ (1-x)° (1—xi)4]‘
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&p is akinematicalffactorandis givenby

m'o 1 1 1 1
p
=" (R + + + R), 13
¢ 16( |Q1p1 QePz  O1p2 Q2p1| ) (13

wherepy » arethe momenteaof the valencequarksinsidethe P% mesons.

Usingthevalue&,; = 0.055[5], we have obtained¢g = 41.60,&gs= 35.19 andp =

10.94.To con/ertﬁﬁvGﬁv into a glueball,we parametris@s

(0]asGy, G5y |G%) = fomg. (14)

Usingthe QCD sumrule, we have fg = 0.242GeV for mg = 1.4 GeV. Takingthe strong
couplingconstantsis = 0.28 [8], fg = 187 MeV, fgs = 207 MeV and fps = 208 MeV
[9], and substitutingthe valuesof all parameterén equation(10), we have obtainedthe
amplitudesof P to G° decayas

(GO|Hw|BL) =2.12x 1078 Ge\?,
(GO|Hw|Bs) = 4.15x 1077 Ge\2, (15)
(GO|Hw|DL) =1.77x 10°8 Ge\~.

Now, usingtheresultsof Ref. 10 and11, we have obtainedthe Cabibbofavouredmixing
amplitudedor P. — TO1° decayas

(T0|Hw|BL) < 4.47x 1078 Ge\?,
(TO|Hw|BsL) < 7.16x 107 Ge\?, (16)
(TO|Hw|DL) =8.45x 1078 Ge\2.

Thereforethevaluesof R; for B ,Bs andDy, are,respectiely, thefollowing

(G°|Hw|BL)
=21—1 7 = 5 0.58
R (TO|Hw|BL) e
(G°|Hw|BsL)
= 5 PWIBsY o g 47, 17
R (TO|Hw|BsL) ” a7
(G°|Hw|Dv)
=-——— " =0.21L
R = 1w IDL)

The aborve resultsshav that the glueballto P_ transitionamplitudeis not negligible in
comparisorwith the T° to P transitionamplitude.In our numericalcalculation,we may
take ary valuegreatetthan0.58and0.470of R for B andBsg, respectiely. For simplicity,
we useRz = 0.58for B andRz = 0.47 for Bg|.
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3.2. Estimationof thedecayamplitudesof the pseudoscalamesons®, n
andn’
The two-gammadecayamplitudesof the pseudoscalamesonsanbe obtainedfrom
the experimentalaluesof thedecaywidthsof 1°,n andn’ [11]

M — 2y) =7.73eV,
rn—2y) =0.46keV, (18)
r(n’ = 2y) =4.26keV.

Fromthesedata,we caneasilyestimatethe magnitudeof decayamplitudesof the above
pseudoscalanesonss

A(T0 = 2y) =2.52x 1075 MeV 1,
A(n—=2y) =2.39x10°MeVL, (19)
A(n' = 2y) =3.12x10°°Mev—L.

3.3. Estimationof1 — 2y decayamplitude

To estimatethe | — 2y decayamplitude,we first needto computethe amplitudeof
G® — 2y decay Thelatteramplitudeis estimatedn [12] in thechiral Lagrangiaras

A(G® — 2y) = 0.23A(T° — 2y). (20)

But the short distance contritution of the abose decay estimatedfrom the Euler
Heisenbeg diagram|s foundto bevery small[13]

A(G® — 2y) = 0.03A(TC — 2y). (21)
It followsthat[14]
Al = 2y) = A(TC — 2y) [1.6382 (fan) + 0.2302] . (22)

TABLE 1. Dependencef A(1 — 2y) ons;.

s | lcol [ Alt—2y) (MeV—?)
—0.40| 0.84] (1.16—2.13)x107°
-0.20| 0.98| (0.25-1.39)x10°°
0.00 | 1.00 0.58x10°°
0.10| 0.99| (0.16—1.23)x107°

FromTable1, we obsene thatthe magnitudeof the amplitudeof 1 — 2y variesin the
range(0.16— 2.13) x 107> MeV~! with ;. In the following calculationswe useA(1 —
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2y) = 1.15x 10~° MeV~L. With the above data,we have obtainedthe decayamplitudes
of BL — 2y decayas

A(BL = 2y) <4.32x 107 MeV~1,
A(BsL = 2y) < 2.92x 10 1°MeV1, (23)
A(DL = 2y) =1.62x 10711 MeV~L.

Therefore the two-gammadecaywidths of B ,Bs. andD, in the pole-dominancenodel
areasfollows
r(BL— 2y) <1.37x 10 2MeV,
M(BsL — 2y) < 6.59x 1071 MeV, (24
(DL — 2y) =8.47x 107> MeV.

4. Resultsanddiscussion

Fromour results,we have obtainedan upperlimit of the two-gammadecaywidths of
the heavry pseudoscalaB and Bs mesonsandthe partial decaywidth of the D meson.In
the pole-dominancenodel, the two-gammadecayamplitudesof B, ,Bs. andD; mesons
arelargerthanthatof the quarkmodel.Poledominancenodelpredictionsare

A(BsL — 2y) < 2.92x 10710 MeV 1,
A(BL = 2y) <4.32x 1071 MeV 1,
A(DL - 2y) =1.62x 107 MeV1,

while thequarkmodelpredictiond1] are

A(Bs. — 2y) < 0.90x 1010 MeV 1,
A(BL = 2y) < 1.19x 1071 MeV 1,
A(DL - 2y) =0.88x 1071 MeVv—1.

We concludehatthequarkmodelresultsfor thetwo-gammalecaywidthsof heary P
mesonsshouldbe enhancedvhenwe take into accounthelong-distancesffect by meson
pole model. Actually, the total decaywidth of B mesonswill be the sum of the short-
distanceaswell asof long-distancecontributions.Moreover, from our reultsfor the two-
gammadecaywidths of Bs.,B. andD,. mesonswe obsenedthatasthe mesonbecomes
heary, thetwo-gammadecaywidth increases.
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DVOFOTONSKIRASRD B | D MEZONA U MODELU PREVLADAVAJUCIH
POLOVA

Podrobnose prouwtavaju dvofotonski raspaditeSkih pseudoskalarnilmezonana osnovi
modelaprevliadavajucih polova. IzraCunaraju sematricni elementiprijelazaP, u golu glu-
onskuloptu (G%) i nalazidaje doprinostog procesausporedi s doprinosonprijelazaP
u 0. Izratunatesusirinadvofotonslog raspadanezonaD, i gornjegranicesirinadvofo-
tonskihraspadd i Bs. mezona.
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