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И.Г.АШАУИШ, С.Г.ГРИГОЕЯН, С.Г.МАТИНЯН

РЕЛЯТИВИСТСКИЕ ЭФФЕКТЫ В РАСПАДЕ

Исследовано влияние релятивистских эффектов на ширину ра-

диационного распада V - " H ° # • Показано, что эти эффекты

существенно уменьшает значение этой ширины, задаваемо ft нереля-

тивистской кварковой моделью.
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The influence of the relativists effects on the width of V ~ * - H
o
 Jf

radiative decay Is Investigated. These effects are shown to decree-e essen-

tially the value of this width given by nonreiativistic quark model.
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In recent years an Intense search for the light Higgs bosons ( H
e
 -bosons'

1n the radiative decay of vector bottonium Jp{9.46) has been carried out

[l,2] . Experimental Investigations are being performed with orientation to

this decay width value resulting from nonrelativistic quark model [3] :

Г ( V —*" H° + } f ) Gp M y (л Мн \ (1)
Г ( V —*• M + M ~) ~" Ц- *!z $tcL ^ v '

\
\ where M v and M H are masses of vector quarkonium and H° -boson, res-

. t

] pectively.

However, as stressed In Ref. 4 , account of radiative corrections [5 ]

. as well as of mixing effects of H° and P -even states of bottonium [ f , 7 ]

: results In a noticeable decrease of ratio R * . In this connection, 1t Is

f extremely Important to Investigate the Influence of reiativistic effects on

I this ratio which also may turn out essential, since from the consideration of

$ bottonium mass spectrum 1t follows that the mean value of Vz/cz In

I ^ ( 9 . 4 6 ) Is not small: ••< V V c a >* 0.1.
I
I In the present work we shall give results of calculations connected with

I account of relativists effect* in V - * H ° y decay. Mhile estimating the

I relativistic effects, we considered the Higgs bosons with masses satisfying
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the relation М у ~ М н » oi
s
 M

v
 . This allows to Ignore diagrams with

QCD-corrections, for as shown In Ref. 5 , at these values of M y the contri- . i
 f

bution of these diagrams to R Is relatively small, being «35 f. The :

particle 2p-(9.46) we considered as a pure 1 S
t
 state, since 1n all mo-

dels describing bottonium mass spectrum with respect to QCD-1nteraction "

between quarks, the admixture of other states In у (9.46) Is negligibly

small (see, e.g. [8] ).

The calculations were carried out in Infinite momentum frame M.m.f.)
МЗ - M%- к!

obtained by boost along the z axis, where K
O
- ~ K

C
-

<- 1s photon momentum, P - Is bottonium momentum, P -*
>виэ
 . From t1me-

jrdered diagrams of noneovar1 ant perturbation theory describing V " * " H
e
y

process(Fig.l), only the diagram of Fig.la survives In this system. The form

of transition V~*"*l$ vertex In I.m.f. can be obtained usinq the results

of Ref. 9 , where the general method Is found for constructing such transi-

tion vertices corresponding to definite values of spins, orbital and total

angular momenta of quarks 1n the meson rest frame. For Illustration, we shall

2 / 9

p / m ( p 1s the value of quark momentum 1n the bottonium rest

present only the first two terms of expansion of our results 1n powers of

p / m ( p 1s the valu

frame, ГП Is the quark mass):

Qr тг (4 MH\ / M
R = Jearot v К) \ А

f

I;:.
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where У ( Р
г
) 1s radial part of quark wave function 1n bottonium.

One can see from formulae (2)-{4) that the account of reiativistic cor-

rections of р
г
/лп

г
 order leads to a decrease 1n the value of R .

This effect Is strengthened by the fact that the numerical value of quan-

tity Л 1s larger than the mean value of p * / m
a
 In Jp which 1s large

enough 1n bottonium system. The factor [ ( M
v
 " M

H
i / { ^ m ~ M H ) J

also leads to a decrease In ratio R since M
v
 < 2.m in all the models

describing bottonium mass spectrum. Note that the term containing

Д / ( 1 - М н / ( 4 т
г
) ) 1n formula (3) (the one which' 1s just responsible

for the decrease In R ) Increases with growing М н (recall that our con-

sideration holds for M v ~ М н ^ ots ' ̂ v • 1«e. for bottonium with

M
r
 si 9.4 GeV, 1n fact for M

H
 « 7.5 * 8 GeV) and qives rise to still

stronger decrease In ratio R due to relativistic effects.

The results of numerical calculations of ratio R without their ex-

pansion 1a powers of р
г
/ ш are given 1n F1g.2. The curves correspond to

the values of ё -quark mass and wave function У ( р
г
) obtained in

Ref. 10 . Note that the results do not change noticeably when taMno the

mentioned quantities from other works.

So one can see that the account of re1at1v1st1c effects 1n the radiative

mechanism of H ° -boson production 1n vector quarkonium decays leads to a

strong decrease In the width of this decay. For bottonium we obtain that

ratio R decreases nearly twice for М н 4 4 GeV and three-four times

for M
H
 * 6 t 8 GeV (see F1g.2).

- Note that the relativistic effects can be significant also 1n tooonium

radiative decays, where the same value as In bottonium 1s expected for the

mean value of 1Г
г
/с

г
 [10] .

Thus, the relat1v1st1c effects give rise to a strong suppression of the

alue of R .In the same direction, as mentioned, work the radiative



corrections for the V - * "H°+ Jf process [5 ] . The results here obtained

strengthen substantially the claim [ 4 ] that the experimental conclusion

M 10 GeV 1n radiativeabout the absence of the light Higgs bosons with

decays of jp seems to be premature.

We'd like to call to experimentalists to clear up this problem by essen-

tial Improvement of the sensitivity of the experiments on monochromatic

photons search 1n bottonium decays.

I
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Fig.l. Diagrams of noncovariant perturbation theory

for V ^ H e + y decay.

i a•i.—t—ir

Fig.2. R as a function of the Higgs boson mass М н •

Ossh-dotted Hne refers to nonreiativistic

approximation (formula (1)). Solid one Is obtained

with account of the reiativistic effects.
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