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We give a detailedstudyof the two-gammadecayof someheavy pseudoscalarmesons
usingthe pole-dominancemodel. The transitionmatrix elementsof PL to bareglueball
(G0) arealsocomputed,andit is foundthat thePL to glueballcontribution is comparable
with thatof PL to π0. Fromour results,we have obtainedthetwo-gammadecaywidth of
DL andanupperlimit of thetwo-gammadecaywidthsof BL andBsL mesons.

1. Introduction

In ourpreviouspaper[1], we haveevaluatedtwo-gammadecaywidthsof someheavy
preudoscalarmesonsin theStandardModel, andit hasbeenfoundthat thedecaywidths
arevery small. The reasonfor this is that in our earlierpaperwe have taken into con-
siderationonly the shortdistancecontribution, neglectingthe long distancecontribution
for thesedecays.Thelong distancecontribution for PL

� 2γ decaycanbetakeninto ac-
countby themesonpolemodel.Hence,we have startedwith a phenomenologicalmeson
pole modelandfor this purposewe have taken the contributionsfrom π0 � η � η� � ι � ηc and
ηb pseudoscalarpoles.Herewe want to mentionthat η � η� andι areSU(3)mixedstates
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of quarkonium and gluonium. Now, in order to obtain the two-gammadecaywidth of
D0 meson,we shouldconsiderthe 20

� �
dimensionalrepresentationSU(4) symmetry, be-

causein thestandardtheory, HW canbedecomposedinto theform Hw � c� O��� c� O�
	 �
penguin).ThenHw transformslike Hw � 20

� �
underSU(4)symmetryunlessthepenguin

contribution is magicallyenhanced.For simplicity, we mayassumethat in thecaseof B
mesondecay, SU(4)symmetryis formedwith the(u � d � s andb) quarksinsteadof (u � d � s
andc) quarks.Here,for simplicity, wealsoassumeηb asapurebottoniumstateandηc asa
purecharmoniumstate.For calculatingtwo-γ decaywidth of PL meson,wehavetakeninto
accounttheglueballandcharm(or bottom)contributionalongwith η andη

�
poles.There-

fore, themixing of thesepseudoscalarswith theglueballis to betakeninto consideration.
Theexistenceof pureglueballis aclearpredictionof QCD,but evennow theexperimental
detectionof suchparticlesis not possible.Themesonpoleapproachhasbeendescribed
by otherauthors[2-6] to considerthe long distanceeffectsfor KL � 2γ decay. Hence,in
ourpaper, weconsidertheeffectsof all possiblepoleson thePL � 2γ decayby assuming
SU(4)symmetry.

2. Theory

Thepolecontributionsto theamplitudeof PL � 2γ decayaregivenby

A 	 PL � 2γ �� ∑
Pi

�
π0 �HW

�P0
L � A 	 Pi � 2γ 

m2
P0

L � m2
Pi

� 	 1
wherethe summationover Pi is over all possiblepoles,that is π0 � η � η� � ι � ηc andηb; PL

refersto DL � BL andBsL. In general,π0 � η � η� andι will mix, but it hasbeenshown thatthe
mixing of π0 with othersis verysmallandcanbeneglected.Now, η is stronglydominated
by η8 componentandsmall part of η1 andG0, while η

�
containsa small η8 component

andlargeshareof otherstateswith η1 andG0. Also, ι shouldbeprimarily asuperposition
of G0 andη1 anda very smallcomponentη8. Thephysicalstates�η � � � η� � and � ι � canbe
expressedin termsof thestandardSU(3)statesbelongingto the1 + 8 representation,and
theirmixing matrix is givenbelow as� η � � a1

� η8 � � a2
� ηSU � 3�

1 � � a3
�G0 � �� η� � � b1

�η8 � � b2
�ηSU � 3�

1 � � b3
�G0 � � 	 2� ι � � d1

�η8 � � d2
�ηSU � 3�

1 � � d3
�G0 � �

where

a1 � 0 � 97 a2 � 0 � 22 a3 � � 0 � 004
b1 � � 0 � 24 b2 � 0 � 89 b3 � � 0 � 016
d1 � 0 d2 � 0 � 02 d3 � 0 � 092.

Let usdefinetheratioof thevariousdecayamplitudesof P0 as
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R1 � � η8 �HW �P0 ��
π0 �HW �P0 ��� � 3�

R2 � � ηSU � 3 
1 �HW �P0 ��
π0 �HW �P0 �!� � 4�

R3 � � G0 �HW �P0 ��
π0 �HW �P0 � � � 5�

R4 � � η20 �HW �P0 ��
π0 �HW �P0 �"� � 6�

whereP0 refersto D0 � B0 andB0
s. Here the weakHamiltonianHW for the decayof P0

mesonsactuallybelongsto the20# # dimensionalrepresentationof SU(4). TheSU(4)CG
coefficient is theproductof [SU(2) singletfactor]$ [SU(3) isoscalarfactor]$ [CG coeffi-
cientsfor SU(2)].In theSU(4)consideration,using[7], wehaveobtainedR1 � R2 andR4 as%

1& 3� % 2& 3 and
%

1& 3, respectively. For simplicity, wedefine � ηq
� as�ηq

� �'� q̄q� � � 7�
whereq indicatesto b or c quarkand �η � � � η# � and � ι � areSU(3)mesons,so they arefree
from the �η20

� state. We can express � ηq
� in termsof threestatesof 20# # dimensional

representationof SU(4)in additionto gluoniumstate�G0 �
� ηq
� � p1 � η8

� ( p2 �ηSU � 3 
1

� ( p3 �G0 � ( p4 �η20
� � � 8�

with p1 � 0 � p2 � % 1& 3 � p3 � 0 and p4 �') % 1& 3. Taking all the mesonpolesinto ac-
count,wecanwrite thetwo-gammadecayamplitudeof PL as

A � PL * 2γ � � A � π0 * 2γ � � π0 �HW �P0 �
m2

P0 ) m2
π

$ � 9�+
1 ( m2

P0 ) m2
π

m2
P0 ) m2

η

A � η * 2γ �
A � π0 * 2γ � � R1a1

( R2a2
( R3a3 � (

m2
P0 ) m2

π

m2
P0 ) m2

η, A � η# * 2γ �
A � π0 * 2γ � � R1b1

( R2b2
( R3b3 � (

m2
P0 ) m2

π

m2
P0 ) m2

ι

A � ι * 2γ �
A � π0 * 2γ � � R1d1

( R2d2
( R3d3 � (
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m2
P0 - m2

π

m2
P0 - m2

ηq

A . ηq / 2γ 0
A . π0 / 2γ 0 . R2p2 1 R4p4 0 243
3. Calculations

3.1. Determinationof R3

Thelowestordercontributionsto PL / G0 . 2g0 is shown in Figs.1aandb. Theeval-
uation of thesediagramsis straightforward and can be carriedout in a way similar to
thedecayPL / 2γ [1]. Herewe needto changethecouplingof thequarkphotonvertex
QeqγµqAµ to thequarkgluonvertex gsqγµ . λc 5 20 qGc

µ, where . λc
5 20 is theSU(3)c genera-

tor. Theamplitudeof thePL / 2g transitionis givenby

A . PL / 2g0�6 9GFαs

8π
fpG

c
µνGc

µνG∑Re. VimV 7in 0 8 AI
i 1 AR

i 9 : . 100

Fig. 1. The lowest-ordercontributionsof PL (i.e. BL andBsL) to glueball transitionam-
plitude: a) thereduciblecontribution,andb) thereduciblecontribution from thepenguin
diagram.Note: In thecaseof D meson,b andd will bereplacedby c andu, andu : c andt
will bereplacedby d : sandb, respectively.

whereVi j is the Kobayashi-Maskawa matrix element,i 6 u : c : t for B andBsL andm 6
d : n 6 b for BL andm 6 s andn 6 d for BsL meson,whereasfor D mesoni 6 d : s: b and
m 6 c andn 6 u. AI

i is theirreduciblecontributionandis obtainedfrom Fig. 1aas

AI
i 6 4xi

xB

1;
0

dy
y

ln < 1 - y . 1 - y0 xP

xi = : . 110
wherexi 6>. m2

i
5 m2

W 0 : xP 6>. m2
P
5 m2

W 0 andAR
i is thereduciblecontributionandis obtained

from Fig. 1bas:

AR
i 6 ξPL < 1 - 5xi - 2x2

i. 1 - xi 0 3 - 6x2
i lnxi. 1 - xi 0 4 = 3 . 120
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ξPL is a kinematicalfactorandis givenby

ξPL ? m2
p0

16 @ PL A 1
q1p1 B 1

q2p2 B 1
q1p2 B 1

q2p1
APL C D E 13F

wherep1 G 2 arethemomentaof thevalencequarksinsidetheP0 mesons.
Using thevalueξπ ? 0 H 055[5], we have obtainedξB ? 41H 60D ξBs ? 35H 19 andξD ?

10H 94.To convertG
c
µνGc

µν into a glueball,weparametriseas

@ 0 AαsG
c
µνGc

µν AG0 C ? fGm2
G H E 14F

UsingtheQCD sumrule,we have fG ? 0 H 242GeV for mG ? 1 H 4 GeV. Takingthestrong
couplingconstantsαs ? 0 H 28 [8], fB ? 187 MeV, fBs ? 207 MeV and fDs ? 208 MeV
[9], andsubstitutingthe valuesof all parametersin equation(10), we have obtainedthe
amplitudesof PL to G0 decayas

@ G0 AHW ABL C ? 2 H 12 I 10J 8 GeV2 D@ G0 AHW ABsLC ? 4 H 15 I 10J 7 GeV2 D@ G0 AHW ADL C ? 1 H 77 I 10J 8 GeV2 H E 15F
Now, usingtheresultsof Ref. 10 and11, we have obtainedtheCabibbofavouredmixing
amplitudesfor PL K π0π0 decayas

@ π0 AHW ABL CML 4 H 47 I 10J 8 GeV2 D@ π0 AHW ABsLCNL 7 H 16 I 10J 7 GeV2 D@ π0 AHW ADL C ? 8 H 45 I 10J 8 GeV2 H E 16F
Therefore,thevaluesof R3 for BL D BsL andDL, are,respectively, thefollowing

R3 ? @ G0 AHW ABL C@ π0 AHW ABL CPO 0 H 58D
R3 ? @ G0 AHW ABsLC@ π0 AHW ABsLC O 0 H 47D E 17F
R3 ? @ G0 AHW ADL C@ π0 AHW ADL C ? 0 H 21H

The above resultsshow that the glueball to PL transitionamplitudeis not negligible in
comparisonwith theπ0 to PL transitionamplitude.In our numericalcalculation,we may
takeany valuegreaterthan0.58and0.47of R3 for BL andBsL, respectively. For simplicity,
weuseR3 ? 0 H 58for BL andR3 ? 0 H 47 for BsL.
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3.2. Estimationof thedecayamplitudesof thepseudoscalarmesonsπ0 Q η
andηR

The two-gammadecayamplitudesof the pseudoscalarmesonscanbeobtainedfrom
theexperimentalvaluesof thedecaywidthsof π0 S η andηT [11]

Γ U π0 V 2γ W�X 7 Y 73eV S
Γ U η V 2γ WZX 0 Y 46keV S
Γ U ηT V 2γ W[X 4 Y 26keV Y U 18W

Fromthesedata,we caneasilyestimatethemagnitudeof decayamplitudesof theabove
pseudoscalarmesonsas

A U π0 V 2γ W�X 2 Y 52 \ 10] 5 MeV ] 1 S
A U η V 2γ WZX 2 Y 39 \ 10] 5 MeV ] 1 S
A U ηT V 2γ W[X 3 Y 12 \ 10] 5 MeV ] 1 Y U 19W

3.3. Estimationof ι ^ 2γ decayamplitude

To estimatethe ι V 2γ decayamplitude,we first needto computethe amplitudeof
G0 V 2γ decay. Thelatteramplitudeis estimatedin [12] in thechiralLagrangianas

A U G0 V 2γ W�X 0 Y 23A U π0 V 2γ W Y U 20W
But the short distancecontribution of the above decay, estimatedfrom the Euler-
Heisenberg diagram,is foundto beverysmall[13]

A U G0 V 2γ W�X 0 Y 03A U π0 V 2γ W Y U 21W
It followsthat[14]

A U ι V 2γ WNX A U π0 V 2γ W`_ 1 Y 63s2 a fπ
fη1 bMc 0 Y 23c2d Y U 22W

TABLE 1. Dependenceof A U ι V 2γ W ons2.

s2 e c2 e A U ι V 2γ W (MeV ] 1)
– 0.40 0.84 (1.16– 2.13)\ 10] 5

– 0.20 0.98 (0.25– 1.39)\ 10] 5

0.00 1.00 0.58 \ 10] 5

0.10 0.99 (0.16– 1.23)\ 10] 5

FromTable1, we observe thatthemagnitudeof theamplitudeof ι V 2γ variesin the
range U 0 Y 16 f 2 Y 13WN\ 10] 5 MeV ] 1 with s2. In the following calculations,we useA U ι V
154 FIZIKA B 6 (1997)3, 149–156
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2γ g
h 1 i 15 j 10k 5 MeV k 1. With theabove data,we have obtainedthedecayamplitudes
of PL l 2γ decayas

A m BL l 2γ g[n 4 i 32 j 10k 11 MeV k 1 o
A m BsL l 2γ gNn 2 i 92 j 10k 10 MeV k 1 o
A m DL l 2γ g[h 1 i 62 j 10k 11 MeV k 1 i m 23g

Therefore,the two-gammadecaywidthsof BL
o BsL andDL in thepole-dominancemodel

areasfollows
Γ m BL l 2γ gMn 1 i 37 j 10k 12 MeV o
Γ m BsL l 2γ gNn 6 i 59 j 10k 11 MeV o
Γ m DL l 2γ gph 8 i 47 j 10k 15 MeV i m 24g

4. Resultsanddiscussion

Fromour results,we have obtainedanupperlimit of thetwo-gammadecaywidthsof
theheavy pseudoscalarB andBs mesonsandthepartialdecaywidth of theD meson.In
the pole-dominancemodel,the two-gammadecayamplitudesof BL

o BsL andDL mesons
arelargerthanthatof thequarkmodel.Poledominancemodelpredictionsare

A m BsL l 2γ gNn 2 i 92 j 10k 10 MeV k 1,
A m BL l 2γ gMn 4 i 32 j 10k 11 MeV k 1,
A m DL l 2γ gph 1 i 62 j 10k 11 MeV k 1,

while thequarkmodelpredictions[1] are

A m BsL l 2γ gNn 0 i 90 j 10k 10 MeV k 1,
A m BL l 2γ gMn 1 i 19 j 10k 11 MeV k 1,
A m DL l 2γ gph 0 i 88 j 10k 11 MeV k 1.

Weconcludethatthequarkmodelresultsfor thetwo-gammadecaywidthsof heavy PL
mesonsshouldbeenhancedwhenwe take into accountthelong-distanceeffect by meson
pole model. Actually, the total decaywidth of PL mesonswill be the sumof the short-
distanceaswell asof long-distancecontributions.Moreover, from our reultsfor thetwo-
gammadecaywidthsof BsL

o BL andDL mesons,we observedthatasthemesonbecomes
heavy, thetwo-gammadecaywidth increases.
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DVOFOTONSKI RASPAD B I D MEZONA U MODELU PREVLADAVAJUĆIH
POLOVA

Podrobnose proǔcavaju dvofotonski raspaditěskih pseudoskalarnihmezonana osnovi
modelaprevladavajućih polova.Izračunavajusematrǐcni elementiprijelazaPL u goluglu-
onskuloptu (G0) i nalazida je doprinostog procesausporediv s doprinosomprijelazaPL

u π0. IzračunatesuširinadvofotonskograspadamezonaDL i gornjegraniceširinadvofo-
tonskihraspadaBL i BsL mezona.
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