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1. Introduction

The quark model, hoth the non-relativistic (see, e.g./1/)
and the reletivistic /27, meets with some difficulties when
applied to the description of the radiative deceys of vector
mesons, The disagreement with the experimental dete nre par-
ticularly important for the ratio of the Py end w — Sy
decny widihs, since in this case the initial and finel stetes
coincide in mass and spin and the discrepency between theory
end experiment cannot be emttributed to the difficulties in
the description of these states,
@ Essisiicaiil -gusilcachak midcrater. Jaio In the previous work we hsve shown thet the experimental
deta on the ratio of the _P:&J]-—.'_ﬁh decey widths can be explain-
ed in the framework of the two-querk model, if u- rnd d-
quarks are mssumed ito have anomalous magnetic moment not pro-
portional to their charges (we denote it by ;ﬁ' ). Such a
magnetic moment naturally arises in the chromodynamics owing
to the Fig.1 type diagrame in which a photon interscts with
a quark from the quark loop.

The value of eff wns estimeted in Ref./%] from the

_Ptc-ﬂ-r‘j?x deta in the nonrelntivistic approximetion. The snome-




lous magnetic moment ﬁ' spoils slightly the egreement be-
tween theory and experiment for the ratio of proton and neut-
ron magnetic moments in the naive quark model. In Ref./3] it
whs suggested that this discrepancy was connected with the
nonrelativistic approximation mnd that the Plw)= Ty adate
and nucleon magnetiec moments could be described gimultaneously
teking into sccount the relativistic effects.

The possibility of describing both _?[w]--ﬁy and K = Ky
decays widths ratios in the additive querk model introducing
auark anomalous megnetic moments wes considered in Ref. /4]
pg well. It was shown there that the anomalous magnetic mo-
ments necessary for the description of P(w)=3y end K*lf(.x
dete bring to the difficulties in the ﬂe.scription of both
paryon ( P, n, A ) megnetic moments and the other radintive
decay widths.

In the present work the relativiatic effects nre investi-
gated in the framework of the model derived in Refs./2,5,67.

It is shown that the relamtivistic description of the radi-
ative deceys of vectcr mesons results in increasing of the
comparative weight of querk anomelous megnetic moments as
compared to normal ones, so that the smaller than in nonre-
lativiatic approximation value of ﬁ is required for the
description of the ratio r(P*ﬁiE)/r{w—-ﬁx) 1

In the nucleon case it was found that the relativistic
corrections cancelled the effects produced by anomalous
magnetic moment ﬁ , and the simultaneous description of

nucleon magnetic moments and _P[tu)-o-ﬁ-la deceys ratio became

posaible. f

We have made the simultsneous description of the experi-
mental date on the magnetic momenta of the baryon octet taking
into account the relativistic effoc‘ts. It is found, indepen-
dently of the ::wsan data, that the data on the baryon magne-
tic moments bring to the nonsero value of I which coin-
cides with the estimete derived from w( p)=9y (na well as
’ll“"‘.P{m X ) data by sign and order of magnitude.

The parte of anomalous magnetic moment of u- and d-
quarks proportional to their charges Ju(ﬂu"; Qu,d y J;{)
and enomalous megnetic moment of g-quark turned out to be
bedly defizned both from the independent description of baryon
megnetic moments and the simulteneous anelysis of baryon and
meson date.

The difficulties arising in nonrelativistic description
of K*= Ky decays are not eliminated in the reletivistic
model, Moreover, it is shown thet the data on @ -—-55 X
K‘f, ﬁ°x and ﬁ*t-- KQX cannot be simultaneonusly
described if one doesn't assume the considersble differencs
in @ end K* (or § and K ) wave functions. The simulta-
neous description of P[w}*fﬁ'ﬁ and K*o—*Koﬁ' data and of
the magnetic moments of A -hyperon and proton is found =lso
impossible. It seems to us that most probably thol above men-

tioned discrepancies arise due to the wrong experimental va-
o L]
e o T (K*2=KY).




2, Magnetic-dipole decays of vector end

pseudoscalar mesons.

Ve investigate the relativistic effects in mesons and
baryons in the framework of the reletivistic invariant model
of bound states in the light cone dynamics, which was derived
in Refs./2,5,6/. The magnetic dipole transitions of hadrons
in this model may be considered using only the }_ ff-h_) -com-
ponent of electromagnatic current at @ = Q , which has
the form /6/:

j_il (Ch) = (EQn_a-i. %fi.s q’.;i,é!‘] o '»qf;'f-u_’ (1)
L]
whaere @ denotes the type of guark (U, d, & ), ¢ Qa, s Mg
and 22-_. ere querk charge, mass and snomalous magnetic mo-
ments, rezpectively.

Let us write the quark structure of the initiel (M;) and

final (M_F) mesons in the form:

_Aabs+Bed M . CabeDEd (2)
T e ey

Then, in the approach of Refs./2,5/ we derive for the con-

M

stants (5 connected with the vector and pseudoscalar mesons
decay widths by the relations

2 ma _mz 5 G’ m‘ 3
= N P -
PPy 1asr( 2m, )’ r{P=vy)= T( ) @

'“P

the following expressions:
(4)
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8, (%) &7 (1) dx,

€= m$+ KT, M°=C,,_*E&, q’,:f:’; (Kk?2) ere the wave
functions of the initiel and final mesons, K ie the 3-
momente introduced in Raf.m (see also Ref./77), which cha-
racterises the internal motion of quarks in the meson rest
frame. The formule (5) 2t q. = § wes obtained primerily in
Ref./2]7.

1. Let us consider the W(p).y, n'=p (W)y, P(W)=ny

decays. In order to obtain the simultaneocus ﬂeacription_ot
these data it iz sufficient to describe the ratics




B0 0 s M < L G ) (n
Rg = G (p—or) TGy wy) G (@ =ny)

and the decay width [(w—~0y) ., since the decey ratios

G{ PRy and R,= %‘f—m%_@—) nt close values of ﬁ,”
G (w-9%) S,

Iin 31‘ , n and n are determined only by the mixing angls
@Px {{° m=nd ere equal to

™ (8)
P . coi @p* 'J_a.{nl;.ﬂ- GP = ON> Ra: ﬁ,n_@_f’_*‘.ﬁ_ciﬁ_e—p—:qsb
A " ]

G V3

in good sgreement with experimental date: (Q,:}“P-O,Gato.og 8,9],
(Rz)exp <118 '8'
Let us single out in ¢, and Ry the terms proportional
and non-proporticnal to the charges of u- and d-quexrks:
(9)
oL, =- %+ 92 T- %5 P+ 2.
Assuming and meking rossonable assumption ¢ (2=, (fjwe obtein
independently of quarks internal motion: Rg" Ry =Ry = g,
This prediction for Rgq contradicts the experimental deia:
I
Ry =24.4 + 7.1 [B.10, Rg =17.4 % 3.7 [8,117. ¥Yor Ry
the discrepancy with experiment is less essentinl:
R'l. «12.4 * 2.5 [8]. The erpsrimentél data on R'L contein
.1
lsrge erToTSs: R'L =17.2 :14_9 7.
Tn the fremework of itwo-quark structure of mesons the
Co 1 intro-
equations Rmﬂ.' R 2 g can be distorted only by intro

~

dueing the anomalous megnetic moment &

g'tw. ~ 2

R I:9{1+9'E Buw N & 1
AT ‘[0{0:»614)&..“.-_“ s

In non-relativistic approximation when the effective momente
,_“ in integrals (5,6) are of the order of zero we have

g‘ms %M‘_ and from the data on Rm-,l 'I.' we oblein

~ (11)
2= 0.03Tx0 012

The ratio 3::-‘:- increases with increesing of Ke” and
the value of %  which is necessary for the description of
experimental deta decreases as compared to the nonrelativis-
tic case.

2. Consider the decays (J—Jy end K*2 K Y. In the
nonrelativistic approximation one can obtain the following

relation between the amplitudes of these deceys
G (w~fiy)+ G(K* == K%)= G (K"~K"), (12)

which is independent of cusrk mnomelousg megnetic moments and
contradicts the experimental data
Gaxp (w = Jiy) =0.77 & 0.02 cev' /7.
e L] N
Goxp (K —+KY¥ ' «-0.31% 0,07 vV Ny,
(13)
A @ -1 :
Gerp (K =Ky ) <.0.33 GV nyy

The reletivistic oo vections don't eliminate this dis-
ngreement, if the - .ective momenta of querks both in K ., ar
enda k¢, ¢ are close to each other,The simulteneous den-

eriy .. of K*— Ky and W—=Jy one can obtain only




supposing that K,z; in G(K™==Ky) are 50% - 70% lerger
than in G(w—aﬂa".

However, one must keep in mina that the experimenial uatr
on K*:.. ,K'.E contain large errors snd the discrepancy beiween

theory and experiment may be easily eliminated by taki':g the

two standard deviations larger value of | G“P (K*2s K 0l
Let us plsc note the following fact. In Ref./4/ the re-
lation
M) | 2G(K'Z K+ G (0=Giy)- G (P~T) (@)
M(P) G(p—=a5) + 3G (0 —=TY)

wes obtained in non-relativistic mpproximation.
Using the experimental data (13) end t.he data on _P'—"mh’ :
Crogp (P —=3Ty) =0.16 £ 0.02 cev™! /107 or Gexp (P—~Ty)=
=015 ¢ G.DEGQV‘1 /117, we find from (14) the following
predictiona for —‘/—J{(ﬂ— : <0,0I ¢ 0.1 or -=0.03 + u.l. The
both predictions cof:trudict the experimental value of
0,220 £ 0,002 [f14].

The reletivistic correction doesn't improve the situ-
ation, but in this case also the discrepancy may be elimi-
nated by taking the two standerd deviations larger value of
IG'UP {K*-i- K'ESJ I . At the same time one has to incremsse
the values of G“F(‘P _}EY‘[I]by {9 standerd deviations or to
decrease tne value of (royp | (@ —3iy) vy 11 standerd Beviations
if one wents to eliminate the discrepancy between theorv and
experiment by changing Gexp (.P ""ﬂTE) or G“P (G.) ._...S'Tg)

Thus it is reasonable to assume that the experimental

data on r(K*f...,K:ﬂ are incorrect and new, more precise,

10

experiments are needed.

Note, that these data were obtained in indirect wemy
uging the Primakoff effect in the resction f{ﬂz —- h’* °£

Thus it ia gsufficient to consider only the ratios R.‘ﬁ' -
R"l , Ry and the dsta on W=y : K*2EK"Y ena
LP—“’IU decays, when one makes the quantitative snalysis
of the deata on vector and pseudoscalar meson radistive decays,
gince the predictions for other deceys epre determined only by
the mixing angles 9\{ and 9? . We don't consider the dets
on VDM-constants, and the constant .F“. of .‘JT--/‘V decay,
so long es the expressions both for the electromagnetic cur-
rent (1). and the quark axial current do not allow the con-
tinuation in the time-like region, and the method under con-
gideration cannot be used, generally speaking, to derive these
constants,.

The data on Rﬂ' R R ratios detemina the value of
2 , while the data on CJ-JI&' K*%% K* b’ and $ —n ¥
decays turned out to be insufficient to determine the other
quantities, which are necessary to describe the data. For this
reason in the next section we shall make m simultaneous ana-

lysis of these deta end the data on the baryon magnetic mo-

ments.
The baryon ma tic moments.

We use the method derived in Ref.6 to calculate the ba-
ryon magnetic moments in the relativiatic quark model ‘[2.5,67.
Making emleulations we suppose that the baryon wave functions

depend only on one variable - the ouarks inveriant mass Ma .

11




Sueh an eggumption ellows to make some replacementas of integra-
tion variables, which considerably simplify the results. We
obtained the following expressions for baryon &nomalous

magnetic moments:

Xp _ Xi+R (Aku - ) | (14:%)
2Mp bm
;;;1. 5 -24, "161 (LIQEJ."QQ__{_'L_I - (14.2)
" m
Xet 1 (""X o Em e Xahy _ @Y 28y ) b2 2u-Zskemg (14 3
asz_ 5 2morn_a 3!!1 3"\' m. ¥
e | ){a‘r':'{s'&x;“}é:—:: LY, '-_{‘)‘4'2.32;' ‘Zsﬂs_‘_‘;‘_,,_
2”2‘-'_3_- Am 5"15 A . Gm (1‘-4)
Xy o ariEy s (14.5)
aMh Gﬂ‘\.s
x
@:Eﬁ = -?Ed):I ) (14.6)
'
X { ¥ . Mg Loty 2, -2, Ty =2
G0 2w 5 Za w E3y “m
M P (2Ua+ = H3)+ e , (18.7)
e o ~ msimg ~ m
x':ﬂ ( 3 ™ ax;_ e It_g'- g)) 43@51‘-2; x‘-,;‘! (14 8\
2”4;- -3 2m +m .’.h'n.“I Im Ems e

The Eqs.(14.1) and (14.2) were primarily obtained in

Ref./6/ in the case of zerc anomalous magnetic moments of

12

querks.The values of X;,K Y, 2, (i:’- 1,2,3) sre determined by

the quark effective momenta in baryons eand ere equal o unity

in the non-reletivistic limit. The exprenniona for X;,Y;: 71
ere given in Appendix. X“ g

Xga¥i 2
It is well known that the naive quark model predictions

and Zi_ can be obtained from

by replacements of m —= mg -

ere in good egreement with experimental datm. Therefore, con-
sidering the relativistic effects in nucleons we sssume that
the effective momente in )(h g Z., -integrals are small

enough end expend the integrands of X; 6 Y:; Zi in 9. /mf and
Ol
mE

of Appendix).

power series, keeping only two first terms (Eq. A.4

The further calculations we made for the following type

of baryon wave functions:

2
Mo
¢, (M:LJ=NL EXP[' ‘e“}\'ib } . (15)

where N; ia a normalizing factor, the parameter AB is

common for all baryons of the octet., It is emsy to see from

2 2
the M_. expansion in = g Q

s power seriea, that the
L m*

ol
mean-square velues of quark momenta can be expressed through

quark mean-square momentum in nucleon c}

tion 'hetve:n O“_

qre . The connec-
Qa‘. and O{ depends on the concrete form
of the M.,;- dependsnce of baryon wave function. For the wave
q’t

m?2

function (15) the expensions of Xi, Y; eand Z;

power seriea teke the form:

13




2 5 ' 2
x1=f"%'ial &:1--;%,: 21=1-—§-%z;
3_2. 2m* Wy 5m+amJ)

Kz-‘f-r =L (em.m‘}E M+ Mg 6m l

Y o & Bmmg [y, Bm .
2 m2 [am‘:;? ( amﬁ) ) {16}
z = _‘“t:l,,_'a [rnq-rrl.s),."_

-1 1 m2 (3m+m5)a

et ghome o (YSIN o
x3_1 m* (2memg)® (‘F s Sms)
.= _‘.’L . m ol 2 ___3."'-_

- (E'.m»m,) U*‘LI‘“'S)’ 2,21 mel2m + m._;,)a

From Eqs.(16) mssuming that quark anomalous magnetic mo-
ments are small enough, we obtain for the ratio of proton and

neutron enomalous megnetic moments:

5. R (17
S Mgl b S L AiE),

S ( 1* 9m: 2 5'?&)
The experimental value of this ratio -0,94 disegrees

with the prediction (17) in the cnse of = %€ =0. Te rele-
tivistic corrections increase the dissgreement. Moreover, the
exect calculations show that Eq.(17) correctly reflects the
9% " dependence of%ﬂ . and the situation remeins unchanged

m#2 n 92
when no essumption about smallness of ~es is done. So in the

model under consideration it is impossible to improve the
agreement between theory and experiment for the J_E_p_ e Lo
without introducing quark anomalous magnetic momants. It 12
interesting that the value 3¢ (10), which was obtained from
the meson date changes the ratio (17) into the wanted side.

14

It is difficult to enalyze queliietively the equations
for the other baryona because of large experimental errors
and rether complicated dependence o. the parameteras. Therefore
we shall give below the results of the guantitative mnalysis.

Using Eqs.(14-16) for baryon magnetic moments end
Egs.(3-6) for radiative decays of mesons we made the lerst
square fit of the experimentel date aveilable., Xeeping in
mind that the constituent quark parameters could differ slight-
1y in mesons and nucleons we mede boih the combined enelysis
of meson and baryon data and the independent =nslysis of the
baryon magnetic moments data, The meson wrve function we
suppose to have a form analogous to €15)

2 Mo (18)

B (M) = Newp [ Mo T
) e

where parameter A, is common for the nonets of vector and
pseudoscalar mesons. For nonstrange mesons this parameter
cen be connected with the mean-square gquark momentum in meson:
(q B A . The results ere presented in Tables 1 and 2.
The reaulta of the independent analysis of baryon data (1)
and combined enaiysis oI meson ena baryon data (II) are given
in the second and third lines, respectively.

Let us discuss the results obtained. The anomalous meg-
netic moment §E , a8 has been shown in Section 2, is well
defined from & (p)—»Ty and n'— p(W)y dnte. The value of
from independent fit of baryon magnetic moments contains
large errors, but coinclaes by sign and order of magnitude
with uastimate derived from W(p)—=Jy,n—p(w)y date. Tk

anomelous megnetic moments 2 and g turned out badly

15




defined by existing experimental deta.

The obtained values of the strenge snd nonstrange quark
messes turned out to be consistent with the velues
sccepted in the naive quark model:m = fb_". y '%.i"'f's+ 1.7,
however, there is s tendency to_}arger values 01525 ratio.
The mean Square querk momenta :1; both in mesons and baryons
are well defined in combined an:iyuis of the baryon and meson
data, the value of '{E} in baryons being small in sccordance
with the initial assumption. At the seme time the velue of
—i;- obtained from independent analysis of baryon dats turned
031 to be badly defined and the reletivistic description of
quarks in baryons ( f%; ~'1) is possible within the errors.
This is due to the cencellation of relativistic corrections
and anomalous magnetic moments contribution. The more precise
experiments on the baryon magnetic moments will allow to de-
termine the constituent quark parameters: m,mg,2%, %, ®g, it‘
better and answer the question about possibility of simufx;-
necus description of baryon and meson deta,

A1l experimental date, excluding K¥% Ky decay width
and Ef -hyperons megnetic moments, are well described by
the obiained set of parameters. Note, that we obtained the
experimental value of 'FEE‘ 116] efter the caleculationa com-
pleted and thus it was not included in our least square fit.
The K*%. K"y decey we have elready discussed in Section 2.

A simpi.e enalysis shows that M—- and M. cannot be des-
eribed in nonrelativistic approximation e;:n if the quark eno-
malous magnetic moments are introduced (see slso /15/). The

L
relativistic corrections (terms of order {&;‘} change the

16

---nf-.lIIll-‘Illl...Ii.lllllllllllllllll...__ —

values or'}tm._in the wanted side. It seems possible to in-

 crense the relativistic effects in - as compared to

p,n,y and A by a proper choice of the baryon wave fun-

~—

ction, and to describe the — - hyperons magnatic moments.
When this work wes finished we received ® preprint by
Kondratyuk and Terent'ev [17] where the relativistic genera-
1ization of & three-particle bound state wave function derived
in Ref./%/ was shown to be incorrect and corresponds to wrong
angular moments composition rule. The new method of the rele-
tivistic wave function construction was there derived. The
calculation shows that our results (Eq.(A.4) end (16)) Temain
unchanged in linear in -Ji; approximation, whieh is used

me
in our paper.

The authors are grateful to S.B.Gerasimov, 1.A.Kondre-
tyuk, E.M.Levin, S,G.Matinyan and M.V.Terent'ev for useful

discussions.




APPENDIX A

The quentities X, Y

Ly

2; Aintroduced by Egs.(14.1 -
14.8), which determine the dependence of baryon magnetic mo-
ments on relativistic effects has the following form:

(A.1)
M’(Mm [$(M o.)f
A j‘an;}m di. 3 Sa.l Mo, /M 'Jdr”szm”m,dﬂ

where the notations correspond mainly to the notations of
Ref./6/:

) 'li.‘('l"li}H:l“llmi "'01“11'“‘?1 _b*_oil (A.2)
L

Qi [msld-n;) Moi ]2 Bl EC

p.= 1_' QL , dr;® ‘tls {‘"oa dg; d’Q‘i
i Q7 ¢ [mys (=)Mol ® 2,8 2ELEF  (29)

Mm= E:* E:&! M:snﬁiaiti‘, El=
= (4.3)
6 ‘],.m‘ E. om, g, ‘\Jﬂro-ru,,ﬁg lur:.‘,

L] Y ]
M,2m,=m, m,sm,, M1=M1=Hi'3“‘; H {a"‘*”‘!)m

cemom)RE L My Bmg.

6: em*, E :Lg * \’?ﬁ[”isﬁ

In the case when the effective momentes which determine

the valus of X; K6 Y, 6 2 intesrn%a are smell enough, we cen
2

expand the q':t

m

power series and obtain the
valuea of X, 6 Y.,6 7; 8&s functions of mean square momenta
fi,_e and 6‘ $

E t

x-f;i:_-_if_ ¢h
=

6m? 24 m® (r.4)
Xewis S m? Q—i[* mmg
b tL3 E{morn. 2]
m* 2mg(2m +mg) ™ s)
x5=1+ q';: me at (_1'___:2_ bm? )
2(2mrmy) 4m? € my 3 mi g

1 v
s & we Bl 2251

12 m* I'"l.i-rl'l.s)
Q / m* QS
aidin m m o i e .
gs 1 3m‘.t ( ""_:_ y ‘\'m.g ) 1 zi‘f 6rr't{a ? 3 f.elb

Let us list for convenience the two first terms of Mg,

2 at

expansion in __‘h{_ and :
m

m

power series:

m‘l.

z {1
tois 3| 20 B I
(A.5)

< 2
Mgt @momg+[ X mrms 2‘. Emimy m
g D 3 [ m2 ams . m* aln\ +me) ] g

Mo,'-'am.nn.'i[ a': &—Q—; Emawmy ]rn.

m m* ‘fms
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W.T'.ASHAYPSiH, H.JI.TEP-MCAAKHH

0 POIM AHOMAJIBHHX MAPHMTHUX MOMEHTCB KBAPHOB
B MATHATHO-LMMOABHUX [IEPEXOJAX AIPOHOB

(Ha anraufckoMm sAawke)

Tex.penakrop A.C.AGpamsH

Jakas 457 B%- 09096 Tupax 299
Mpenpunr E3Y dopmar magenns 60x84/16

llopnuearo x newaru 5/11-80r, I,5yu.usn.a. . 10 K.

Hapano OrnesioM HayuHO—TeXHUUECKOR MHPOPMALMK
Eperamenoro dusuueckoro uHerutyTa,fpesan-36, nep.Maprapana 2




