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RELATIVISTIC EFFECTS IN THE QUARKOHIA RADIATIVE
DECAYS WITH AXION PRODUCTION

It is shown thit relativistic effects lead to a strono decrease in the
values of ratios Bz(‘l"’ax)/Bz(‘P —utuT) and B~ (y—ay) /
/ B'c('[“'ﬂ*jf) , predicted by the nonrelativistic quark model. This does
not already allow to unambiguously exclude, on the basis of available expe-
rimenta) data on these decays, the existence of a long-lived axfon.
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It s known that in connection with the solution of the CP-invarfance
break'l;ag problem in strong interactions, Peccef and Quinn (1] have proposed
to introduce an additional) chiral U(1)-symmetry into total Lagrangian, Later
on, Weinberg [2] and Wilczek [3] have shown that this gives rise to a 1light
neutral pseudoscalar particle - the axion.

The axion was searched for in different experiments. So, experiments on
the axion search in nuclear transitions [4,5], fn the K*'—Z*a de-
cay [6] , experiments of the “beam-dump” type [7] as well as the radiative
decays J/‘P —ay [8laxd Y—ay ([9,10] bring to a conclusion
about the absence of axion with standard properties. The report [11] on the
observation of narrow peak in electron and positron spectra in heavy {on
collisions and the interpretation of this fact as a production of neutral
particle with a mass = 1.8 Me\llt:2 have stimulated a number of experiments
[12,13] in order to check whether this particle is an axfon. However, these
experiments, too, exclude the existence of short-lived axfon with a mass
Mg > 2Me .

Note that the main experiments excluding the existence of axion are

considered those on vector quarkonia radiative decays J /‘P - ay )



ad Y ay {9,10], since for these decays the theoretical esti-
mates are less model-dependent.

In this work we have studied the influence of relativistic effects on
the raciative decay widths of the heavy vector guarkonia with the axion pro-
duc*ion iand have shown that the account of these effects leads to a strong
decrease in theoreticat ~stimates for the widths of these decays made i» the
nonrelativistic quark model [3] (this statement becomes stronner when taking
account of the radiative corrections studied in Refs. [14,15] }. This alrea-
dy does not ailow us to exclude the axfon with standard properties on the
basis of only these decays which imposed an experimentally better arounded
veto upon the axtion.

in Ref. [3] the following formulae were obtained for the studied decays:

_ Ba(V—ay) _ GeMy Yy
Vo B (Vuty) 42 mel

? (1)

where V denotes the vector quarkonia ‘¥ and ‘J‘ 3 My 1is these quar-
i - 1 .
konia nass; gw x |, ‘dr =% ; X s the only model-dependent
theory rarameter equal tc the ratio of the vacuum averaces of two Hiqgs
ifelds. In the preduct of the branching ratios of the decavs ‘1’——0.2{ and
‘x -~ C\K the quantity x drops ocut, and usino the values
B ( =447 ) = 0.069 £ 5.005, B (Y ~—=p"4 )= 0.028+0.002 we

obtain

Be(¥—~ay) - Be(y—~ay) = 13.4227) - 10~°, (2)

At uwe same tiwe, from che experiments [8-10] on the search for long-

-lived axion { Mg < 2mg ) wa have:

Bi(¥—=ay) Br(y—ay) < a2-10° (3)



From {(2) and (3) one concludes that the existence of lona-Tived axion
with standard properties is excluded by the experiments on the vector quar-
konia radiative decays. Note, that the exfistence of short-1ived axion is
rejected by the experiments of [12,13] .

If using the data on Bz(‘l’-\-ax) and Bz(r-»ax) separately,
then the available experiments exclude the following values of the parame-
ter & : 2 > 0.48 ¢ 0.03 from the data of [8], 0.07 < T < 0.87 +
t 0.03 from {9,10] and X < 0.07 from [12,13], thus rejectinc all the
values of X

We have studied relativistic effects in the mentioned decays and obtained
estimates for the Rq, and RT ratios (see formula (1)) already with
the account of these effects. In our calculations we based on the results
obtained 1n Refs. [16,17] , where we studied thoroughly the relativistic
effects in the vector quarkonia radiative decays with the production of the
scalar and pseudoscalar Higgs bosons. Therefore, we present here only the
final results.

The account cf the relativistic motion of quarks in the ¥ and ]”

quarkonia brings to the following expressions for the widths:

2Ve 2 M 2 2
r(V—-ax)= 7 dGFMvQchi(‘e—rn—;_‘) ‘HV ) (a\
_ Qs 2
F(v—ptu )= 162 —W’:—Bv , (5)

where we have neglected tne axion mass and

2
Mmg(Ee+Mg), E*P Mg, 2 (6)
Rv=&[1+ aEP En E_P] 2(6+m$)63/2\l"v(P)P dP, )

(341
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Bv:SP- de(e+ m@)]e’ z\')v(p)’) dP? ()
2 2\ ,
€ =(m$+ pe)e G denotes the c- or b-quark, $y(P) s the
radial part of the quark wave function in the momentum representation, nor-

matized by the condition:
SLPva(p)d_P—s" (8)

To clarify formulae (6), (7), let us give the first two terms of the
.Flv/ By ratio expansion in powers of Pz/ m; :

-’;-;—=1--2—A, A=§—,’%%<p)dﬁ/§%w>db’- ©)

One can see from (4), (5) and (9) that the account of relativistic
effects leads to a decrease in the ratios R, . This effect 1s accentuated
by the circmul;: that the ;\?r'lcal value of A is greater than the
mean value of reg (or =7 )in¥ and T , which is quite large in
these systems, The‘mrica'l calculations for R‘!’ and Rr by formulae
{4)-(7) with the values of the c- and b-quark masses and the wave func-
tions \Pv (P) from Ref. [18] r:esult in a decrease in R‘l‘ by a factor
of 1.82, and in Rr by a factor of 1.45, Note, that the wave function
\V, (P) 1s connected with the wave function R(2) of Ref. [18] by the
relation:

PY¥, (P) = 775 |R(W)sinprdz. o

If one considers the product of the branching ratios of the studied de-
cays, then the account of relativistic effects using the results of Ref.[la]



reduces the right-hand side of relation (2) by a factor of 2.6. The use of
the results of Refs. [ 19-21] brings to a still stronger (nearly 4 times)
reduction of this product. For Refs, [22.23] this suppression is weaker,
being approximately 2.3 times. If taking into account that the radiative
corrections to the Y—+ay and Y — @y  processes also reduce the
product (2), then i1t is clear that the given in formula (2) theoretical
estimate for the product of the branching ratios of the studied processes
must be at least a factor of 3.5 - 4 lower. Then one must not reject, on the
sasis of éxperimenta] restriction (3), the existence of long-1ived axion
from experiments with productfon of this particle in vector quarkonfa radi-
ative decays. If we do not use the & d{ndependent product of the branch-
ings but take them separately, then from the obtained result we may conclude
that the long-1ived axion with standard properties is not vetoed so far for
X near 0,7 in the considered experiments. As for the short-lived axion,
its existeucé is rejected by the experiments [12,13] even with the account

of relativistic effects and radfative corrections.

In conclusion, one of the authors (S.G.G.) would 1ike to express his
sincere gratitude to M.I.Vysotsky for his interest to the work and useful

discussions.
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