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1. Introduction

On electron accelerators there is a possibility to measure
the form factors of W=y, a1(1260)¢ny. a2(1320)¢ny,
b1(1235)+ﬂy radiative transitions via extraction of the
one—-pion contributicen in the cross sections of the w,al.az.bl-
electroproduction. Such experimental information is of interest
far study of meson structure and would be a good test for
models describing mesons. These measurements would also allow
to obtain independent experimental information on meson
radiative decay widths, which is especially important for the
a, »my transition the width of which (measured by traditional
for such decays method using Primakcff effect in experiments on
plon scattering on nucleus [1,2]) contains great uncertainties.

In this paper we presgnt the predictions for the wsny,
a,my, a sy, bl¢ny transition form factors obtained in the
framework of relativistic quark model (RGM) constructed in
Refs.[3-6]. This model is based on the physical picture,
according to which at relatively large distances the hadrons
are bound states of the spatially separated relativistic
constituent quarks. There are reasons to hope thai the
phenomenological model [3-6] based on such a picture gives
reliable predictions for form factors at relatively small K2—

-
(gamma mass )° , because this model allows to obtain a



self-consistent description of actually -all the meson and
baryon static propertfes concerning electromagnetic and weak
decays, and also is successfullz used to describe the pion and
nucleon form factors at ]K2|<3—6 Gev” [7-10].

In Sect. 2 formulae for form factors of the considered
radiative transitions are derived. Using these formulae. in
Sect.3 we have obtained predictions for the form factors. The
model parametérs characterizing the quark imean square momenta
in the al, a,» '
THa, Y, s Ay, b1+ny decay widths which are measured reliably
[11-13]1. Note, that having obtained the parameters of the model

bl— mesons are found from experimental data on

for the a;- meson from the data on Tea v, decay we predict the
a, +ay decay width.

It follows from the predictions obtained that the form
factors have a nontrivial dependence on KE, .they differ
significantly from each other and from VDM predictions. aAt
small |K2[ they fall more rapidly than VDM predictions.
Interesting results are obtained under investigation of
contributions of the predicted form factoré directly» into the

a

W, al,‘az, bl_ electroproduction cross sections, ‘which tufned
out to be,quite different for these mesons. For investigation
of these contributions in Sect. 3. we introduce the functicns
Nl(Kz) and Nz(Kz) which are analogous to the  structure
functions in deep inelastic electrcproduction. It appears that
in case of az; and bl— electroproduction with increasing |K?|
these functions decrease rapidly and at |K2|)1.SGeU2 are
practically equal to =zero. For al— electroproduction the
funct ion ul(Kz) does not decrease up to 'K2'=6Ge02 and the
funétioﬁ ué(K2)~N2(K2)/K2 decreases slowly. For

w-electroproduct ion ul(Kz) decreases slowly and UE(KZ) falls

-rapidly.

calr .,



2. Basic Formulae

In view of the fact that the initial formulae of RG@GM are
given repzatedly in our previous papers (see, for example,
Refs.[5,6,14] ), we start immediately with the matrix element of
the electromagnetic current for radiative transitions
A(P)»n(P')+y*(K) (in parentheses the momenta of corresponding
particles are given), which in the formulation of the model in

the infinite momzntum frame (IMF) [5,6] has the following form:

@(P)]3 |ACRA) :P:*o T(a.b) + ¢ c C T(b.a), (1)

where

(a,b)= ar 6 (12) o (n2
f(a,b)=et j ALMS) @ (¥27)

T +, + + + AT -
Splu (xb.qu)FnU(xa.qal)FFU (xa.qaLJFAU (xb.qu)

In (1,2) it is supposed that the mesons are bound states aﬁ,
Qa' ub av? charges of the quarks @a and b in units e, symbol ¢
denotes C-parity of the particles, A is initial meson heiicity,
the quark mementa in the initial and final mesons in IMF are

parameterized in the following way:

a = X 5 + a a'— X 3’ + a’ i=a,b
i i it’ i i id’ e
x =1-x, X, =X (3)
a_ .= -a_ =q 3 = -4’ = g*, 4'=3 + xKk
bi aL 1’ bl alr 1’ 1 1 1’
and the phasz space volume is
Y
dxdql
ar = ——— (4)

(2n)32x(1-x)



It is also supposed' that the model is formulated in a

specia}iy chosen IMF, where P2¢ » and

"124 - "i + K 2 2
|'5_L— 0, K= K, = - P K= 0, K'= = K. (5)

The vertex I' is obtained from the expression u(qé) ryu(qa)
in IMF and has the following components:
2g + K 2q + io
X y z

r .
1-x "y 1-x : (¢)

F0=Fz=2p,rx=-

According to the results or Refs.[5,6] in relations (1,2) we

have taken into account that the vertex function of meson

transition to quarks in IMF is obtained from the wave function

of quarks irn their c.m.s. by spin rotation given by the Meliosh

matrix:
« -+
. m+ Moxg +isyop(ay )y, .
U(x-:q. )= » 1 =a.b. (7)
Sl i [(m+ M x )2+ 32 ]1/2
B 1 is

In formulae {2,7) m is the mass of the quarks a and b, Ho
and M’ are invariant masses of the initial and final quarks:

0
m2+ 32 m2+ a,2
sz__":- H’2=———'L (B)
o x(1-x) °’ o x(1-x) °

FA are spin-orbital parts of the wave functions of mescons in

c.m.s8. of quarks:

(%)
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¢ (M ) and ¢ (M‘ ) are their radial parts normalized under:

32
4 2.2
fle () )| 2dr = [ 2—|0A(M0)| df =1, A=aa,b . (10)
in numerical calculations we shall use fhe following form of

these functions:

2, _ 2, 2 _
oﬁ(n_) = Nﬁexp( ﬂ0/4ﬁA)’ A = n.w.al.az.bl.

where NA is the normalization parameter and parameter ﬂA
characterizes the quark mean square momentum. For such
parameterization of wave functions for s~ and - mesons the
parameters Bﬂ and ﬁware found from low energy properties of

these mesons in Ref. [9]:
m = 0.25 GeV, 3 = 0.5 GeV, f3 = 0.38 Gev. (12)

Now turn directly to derivation of the form factors which we

d=fine by:

(A

ol _ 2 ) v o p
@(P)I |APAY = eF (K e, [e " (PP K°.

SER - - p 2
w(p )'JplA(P.)«.))-— e{(PKgpv ‘?‘?Kv)Fl(K ) +

(13)
2 (N), _
+ (K K- K guv)Fz(K )}[e (pY A= al'bl’
’ . (A) P}
w(p )IJulaz(P,}\))— Y72 eF (K )"’uvap[ a, (P1* P% K-

These form factors are related to the A+ny decay widths via

2 2
Mo - M5 )25+ 1
F= sarI[F () L R (14)
A 2n '

A

(11)
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Recall that in the RGM considered it is ‘preferable to use
the relations (1,2) for "good* components of electromagnetic
currents J_ and JZ. for which, in contrast to the transveree
components Jx’- J , the absence of wvacuum fluctuations is
guaranteed in the approach considered. Besides, it is
undesirable to use longitudinal polarizations of mesons, as in
this case the meson wave functions depend on the meson mass
which leads to uncertainties in vertices of meson transition to
quarks due to difference in the meson mass and the invariant
mass of the system of quarks. In order to eliminate these
difficulties in this paper we use the mock-hadron method
introduced in Ref.[15]. This method assumes a correspondence
between Lorentz-invariant amplitudes of real hadrons and those
of free quarks. The prescription is to calculate the form
factors not for real hadrons but for mock—hadrons consisting of
free quarks with wave functions of the bound quarks and masses
equal to invariant masses cf these quarks, i.e. to "0 and Hé
for initial and final hadvons. In this case the results
obtained for longitudiral and transverse components of current
and mesons turn out self-consistent.

Let us demonstrate this for longitudinal and transverse
current components on the example of derivation of the a, ny

transition form factors. From (13) we have:

V2 VT _ 2
p <n|J0’Z|a1(7\—l » = PKXFI(K ), (15a)
Pao
2 s Ia(k=1»l =2 -2+ kP2 . (1sb)
e xt1 a,, n 1
P+ 1 .
Y2 m|3 |a (A=1 )>| =(r12 -—H2+K2)F (K2)/2 - &% (KZ) . (15c)
ie yi il a n 1 2
Pao 1
8
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Egs.(15a) and {15b) are vrelated by the' gauge invariance

condition which in the IMF (5) gives

2 2 2
P = .
(M - M" + K >J0/2 = KXJ' ( 16)

1
This condition is not satiefied in the right hand side of
Ea.(1), which does not contain the masses of the hadrons aland
m. It is restored when we use mock—hadron prescription as the

vertex Fp_in Eq.(2), defined by (6), satisfies the condition:

2 2 2 _
(M- M35+ KOIMy/2P = KT . (17)

So, the mock-hadron method makes the results obtained by the
relationé (1,2) for longitudinal and transverse current
components consistent with each other and the form factors
FI,Z(KZ) can be found from these relations, if we use them for
the components Joand Jx+in' For transitions w+ay and a1y,
which are described by one form factor, it is enough to use

relations (1,2} for the “good” current component Jo. The final

formulae for form factors are: H
Fo (k2= [1, 6 (1220 (n:2)r, i =1.2, A= wa, ,a_,b,, (18)
iA T 3iaA 00 1"72"71°

where
2m 2q (xa_+(m2+ 32)/K )
- _m(1-2x) I = U I =X X ARy
18, o 1wy 280 e g S T1b _ .
1772 My(1-x) l-lzno(l x 1 3x( 1-x M M2

2 2
(xg_ + (m“+ 32)/K Xag + 2(q2- q VK ) - xq2
X 4 X X X b4 X b4
Lop = > . (19)
1 3x(1-x) ”0"0

2
. 2q (m2+ mM_/2 + 2q2) 2(|n2+mn /24q )
1 _ X 0 y 1 o) y

la R '
L2 | (1-x )"0','0("' + M /2)K

10 -
(1 x)(n+ﬂ°/2)ﬂono



3. Results

We found the parameters ﬁa and -ﬁb using the formulae
2 I | '
(14,18,19) from the a,+ay and b1+n7 decay widths measured with

a good accuvacy [11,12]:

. = 0.17 - 0.18 GeV,
a5

(20)
ﬁb = 0.3 - 0.44 GeV.

It turned out ‘that the amplitude Fl(o) of amny decay

strongly depends on ﬁa » so the interval of the values of this
> .

parameter is very narvow.In order to find the parameter ﬁa we
1

did not use the data on a, - ny decay [1,2], which have large
érrors and strongly depend on the assumptions an the a, -meson
mass and total decay width, but have used the value of Tea v,
decay yidth measured with a good accuracy [13]1. This decay is
defined by the coupling constant of the a, ~meson to weak axial
current whiqh is calculated in RGM analogous to the coupling
constants of vector mesons to electromagnetic current and has

the following form:

. - — 2 2
fal— 273 fai_¢ai(r10)dl" , (21)
52
F(T+a1v )=-—E—(f /M )200529 na(i—nz /M2)2(1+2r12 /Hz)- (22)
17T 167 1 31 (o33 al T a,1 T

were GF is Fermi constant, Gc is Cabibbo angle. Using data on

T*STVT decay [13], we have found from (21,22} the following

interval for 3 :
aal

13



ﬁa = 0.52 - 0.61 GeV. (23)
1
Having found the values of the parameter Ba from the data on
' 1

T»alvT we are able to predict the a +ny decay width:

l'(al-mr)= 160 ~ 250 keV. (24)

This prediction does not contradict the experimental data.

available on F(a1+nr) [1,2], which have 1large errors and

contain unCertainties. It is interesting, however, that it’

disagrees with VDM predictions: r(al+nr)=1000—1500kev [16,17].
Note in this connection that the predictions for a +ny decay
width are obtained in Refs. [18,19] too. They agree with our
results and again disagree with VDM.

The predictions on the form factors of w»nr.alanr, a2+nr,
blwny transitions obtained by the formulae (18,19) with the
parameters (12,20,23) are given in Fig.1 a,b. The curves for

a,»ny transition which correspond to the values of ﬁ; in the
. it |

interval (23) are quite close to each 'other.Eor a,suy, bl+nr

transitions and for the parameters ﬂ; and Bb-ﬁﬁn the intervals
2 1

(20) thex practically coincide. That is why we give our
predictions for the mean values of 2 in these intervals.

We see frpm the Fig. 1la.,b that the form factors have

rontrivial dependence on Kz, theif behaviour differs

sionificantly from UDM predictions even at small |K2|. The

electvomagnetic radii corresponding to these form factors are:

2 2
»=22GeV , <r§ )=128eV2.
1w la1 2al

(rg )=12.56e02. {r

m

<r§ »y=186ev>, <r§ »=20Gev", <r§ »=216ev>,

lb1 : 2b1 132

i1

R L



whereas <r30">=106ev2. Recall that the RGM predictions for the
pion form factors [7-9] agree well with experiment up to 6Gev2

and reproduce the YDM behaviour up to 2—3Gev2. .

The QCD sum rules predictions for a +ny transition form
factors [20] are given for comparison in Fig.la. As these
predictions are semiqualitative we can say that their agreement
with ocur vesults is not bad: the pfedictions for F2 agree
qualitatively with our results, and the predictions for F1 are
close to ours up to 1.5 GeUz.

Now consider the contributions of our obtained form factors

directly to the cross sections of the w, al. a2. bl-mesons

electroproduction via one- pion exchange. With this aim let us

define the functions ul(xz > and 1 K2 ) by:

1 , , x
W = —ez-z (ﬂ(P’)lJ”IA(P.J\»I(n(P M, laean | =
o . (25)

] 2 u 2 2
=u1 A [—gw+ KyKv/K ] + [Py-—( PK )K”/K ][Pv—(PK)Kv/K ]

"a

. If we intrcduce also lepton tensor

e =" 1 — [
Luv = Z[kyk + k k ( kk me)gpv] (26)

where k and k® are momenta of initial and final electrons then

the cross section of A-meson electroproduction on any target
‘via one pion exchange is defined by:

— t B » 2 2
do ~ Luv“uv 2|K |{u + ”29 nz [(Pk)(Pk ){HA+ K /4]}. (27)
. A "

uhere W)= H2MA/4]K |- For clarity let us give the expression

-~



(27) near the threshold of A-meson production:

8ece’ 28 }’ (28)

+ W ————cos —

donop ~ 2|K |{u WS, > >
H M
A

where £ and £’are energies of initial and final electrons, 8 is

electron scattering angle.

The functions wl and wé are related to form factors by

|2. wé¢=(n;/4v)|Fm|2, ' (29a)

{

a2
Yo~ Mo XIFlw

2 .
2 2 2 2. .2 -
[(HA-t + KO (K)/2 - KF (K )] . A=a,b, (29%)
2 2,2
W= (M /4)[|F (k? )| /HA)|F2(K )] ] A =ap.b. (29)
. - 4 2,2
W, =X n |F ()2, |.|2a:_2 (X/4)Ha2|Fl(K W5 . (29d)

where t = P’2 is transferred momentum in the vertex of photon
transition to A-meson via . one—ﬁion exchange,
x=[(M2-t-k2 2-4ti21/4M> . Note that at K°=t=0 W, .= WZ. . The
" A YA Y2a-
functions u1 and ué at t=0 obtained with our predicted form
factors are represented . in Fig.2a,b. For convenience of
comparison and for visual demonstration of K2—dependence of
these functions the curves are given for - the ratios
ul(Kz)/ul(c) and ué(Kz)/u'(o). We see that K2—dependenCe'of the
functions ui(Kz) and ué(K ‘ for a -electroproduction differs
}
principally from that for aé and b —electroproduction. These
functions for a_, b_-el troproduction with increasing |K2|

2 1
decrease rapidly and at [K |)l.56e02 are practically equal to
zero, whereas for . l7blectroproduction the ’ situation is
different: in the coneiﬂered region of K2 the function W (K )

does not decrease ( for Fa =0,57-0.616eV it even increases uith
.. 1
[Kzl) and . U'(K ) decreases slouly; . A8 to  the

wrelectroproduction. the function W (K ) decreases slouly and

13



ué(Kz) decreases rapidly. It is interesting to note that if we
use YDM-predictions for the w+m)y transition form factor then

the function W (K2) ies a constant one and does not decrease

with increasing lel.
In conclusion we express our grateful to J. L. Rosner whe
has drawn our attzntior to the problem considered and to S.V.

Esaybegyan and MN.L. Ter—-Isaakyan for helpful discussions.
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Fig.1

Fig.2

Figure Captions

RAM predictions for form factors in units Ge\)—1 - for w,

2

a bl—mesons and Gev for a,—meson. a) a, sy

t:ansition: full lines give our predictions, dotted
lines are QCD sum rtules predictions [20]. b) Our
predictions for wsny, a2+nr. bl*ny transitions.

RAQM predictions for functions NI(KZ) and wé(Kz), defined
by Eqs.(28,27). Curves I and Il are obtained using

boundery values of ﬁa froh interval (Eé).
1
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