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. The exclusive rare ~adiative B-decay are studied in the fra
0

mework of the relativistic" quark model 
. based on the quasipotential approach in quantum field theory. The large recoil momentum of the final • 
. vector meson allows for the expansion of the decay form factor in inverse powers of the b-quark mass. 
This considerably simplifies the analysis of these decays. The 1 linb expansion is carried out up to the 

·,,. . ' : ' ' . 

·: s_econd ~rd~r. Th~ f~rm factor of B ➔ Ky dec:i.'y ,i found to be 11 ~ x• r (0) · = 0:32 ± 0.03 and it leads · 

t~ BR(B ➔ Ky)= (4.5 ± 1:5) x 10-5
, which is in agreement with the recent CLEO data; The form 

• . I' ,_. - . .: . • . . . . 
factors of the decays B ➔ py, B ➔ ¢,y and B ➔ Ky are also considered. The relation between.rare 

• > • • ~ s . s .. . . 
radiative and semilepto~ic B-decays into light vector mesons is discussed. 

The i~vestig~tion has been performed at the Bogoliubov Laboratory of Theoretical Physic~, HNR. 
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1. Introduction -

Rare radiative decays of B-m~sons repres;nt an impo;tant test of the stan.dard model' 
of t!lectroweak interactio,ns. These. transitions are.induced'byHavour chai1ging neutral 

. currents ~nd thus they _are sensitive probes of new physic~ (~e e. g .. [1]). Such decay~are 

. governed by one-loop (penguiri) diagrams with the main -contribution from virtual top 
quark and ;W boson .. · Therefo;e, they provide v.;,iuable information a.bout the Cabibbo­
Kobayashi-Maskawa (CKM) matrix elements Via', Vi, and Vib, and about the top quark' · 

·mass .. The first exclusive decay B ...:.. K*,y has been observed by_.CLEO (2]. ·The ·· · 
measured branching ratio i~BR(B...:.. K*,y) =:(4.5±1.5±0.9)xl075.>Als

1

0 the Inclusive· 
decay rate B ½)C,,y,· obtained fromthe measurement of the photon energy ·spectrum, 

· hasheen repoi,:ted by CLEO: BR(B -tX,,y) = (2.32 ± 0.51 ± 0.32 ± 0.20) x 10-1. [3].' 
. ,· . Theoretical analysis of nire radiative. decays is based on the effective Hamiltonian, 

which' i~ obtained by integrating out the heavy particles. 'The. renormalization of the 
effective Hamiltonian coeffi~ients has_ been calculated to lea.ding order [4,5): It turns out. 
that renormalization effects play an important role.·They increase the decay amplitude 
approximately by a factor of t:wo: (4], Some;of the next-to-lea.ding order corrections 
are also know{i (6,7]. The h~dronic matriJ_C elements '6f the effective Hamiltonian· for 

.·, inclusive rare radiative decays have'been.calculated iri the framework of the heavy quark 
·. effective)heory (HQET) (8]. It has been ~hown that the'leading term in 1/mb expansion 

corresponds to the parton model prediction and.the -nonperturbative corrections.are 
, suppressed by 1/mi factor [9,10]. For the calculation of the_ exclusive decay rates it is 

·· necessary to know the relevant·hadronic form factors:. In the case 6f B -+ K*-y·decay 
._, I • ' - /' -~-- ' .· ' ~""~ -- - r::t.. ~.- .---·••i~ ~,,~~.f" .. I -. 1;,;:.,c,C:
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only one h~dronicfor~ factor F1 (0) contributes. It has been calculated in the framework 
. ofnonrelativistic quark inodel [11] and QCD sum rules [12-14]. I~ [15] the heavy quark 

• ~F mass limit has been applied to exclusive B---+ K*, decay. Howe~r, ~hes-quark in the 
final K* meson is not heavy: Its mass iS'Of order of A parameter, which dete.rmines the 
scale of 1/rriQ corrections in HQET [8]. Thus very substantial corrections fo this limit 
come from the whole series in 1/m •. _Neverthel~ss, the ideas of heavy quark e~pansion 
can be applied tothe exclusive B ...:.+ K*, decay. From kinematical.arialysis it follows 

· that the final K* meson _bears large relativistic recoil momentum !Al of order -~f mb/2 
- "and the energy of the same order. So it is possible to expand the matrix element of 
·. the ~ffective Hariiilton:ian both in inverse powers -of b-quark ~ass from the initial B 

m·esori and in inverse' powers of the recoil 'momentum IAI of the final K~ meson. As 
_a ~esult the expansion in powers ~f i/mb arises. Th.e aim of this paper is to realize 
such expansion in the framework of the rilativistic quark m_ode1.·:we show that this 

.:expansion considerably 'simplifies the analysis ·of exclusive rare radi;;_tive _ decays of B 
mesons and reduce thti: model dependence of the ~esult. The_ leading, first arid second 
order terms of the 1/mb expansion 'are calculated_' If"is necessary to note that .rare 
radiative·decays of Bmesoris require the _complet~ly'relativistic ·treatment, because the_ 
recoil momentum of final.vector mescin is highlyrelativistic. ., 

_-Our-relativistic quark model is ba~ed on :the quasi potential approach in quantum 
. field theory with the specific choice.of the qiJ. potential: It provides a consistent scheme 
:for ·calculation of all relativistic Corrections at a given order of 112 /c2 and allows for 
:the heavy.quark 1/mQ expansion .. This modd has )>een applied for the calculations~£ 
'mes~m mass spectra [16], radiative decay widths [17); pseudoscalar decay constants [18),' 
semileptonic [19] and nonleptonic [20) decay rates. The heavy quark 1/ mQ :expansion in' 

. our model for_ the heavy-to-heavy sell).ileptonic transitions has been ·developed iri [21] up 
to 1/mq or.der. The results are ~nag. re.ement-with the mo. del ind. ependerit predicti()nS of. 
·HQET [8]. The rare decay B .....:+ K*, has been considered in our.model in [22]. Here we 
refine our previous analysis vrith_more complete.;;,ccount of relativistic effects·and using-· 
f/rrib expansion. We also conside~ some other exclusive radiative decays, including·the 
decay B. ---+ ~'Y and the CKM-suppressed decays B:..... P'Y and B~ .:._. K*,. - • . 

· The paper is organized as follows:., In Sec
7 

·2 we briefly r~-view the theoreti~al 
predictions for ·the. inclusive rare radiative B-decays and define _the: form factor Fi, 
which governs the e~clusive decays: The relativistic quark model' is described in_ Sec. 3, 
and in Sec. 4 it is applied for the calculation of the rnre radiative.decay form factor H. 
Th_e limb expansion for thi.ifoi-m factor is carried out in Sec: s: Our numerical results_ 

°::for the form factors of the decays B---+ K*/, JJ • ..C:. <h , B .-:+ P'Y and B. ·:..... K*j are · 
presented in se·c:·6. _We also discuss the relations between rare.radiative and semileptonic. 
B-d_ecays into light vecto~ ~escins: 'sec. 7 contain_s our conclusions.". · - . -· ' 
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2. Inclusive a~d exclusive rare radiative B-decays ,: · ' . 

In the staridard model, B~decay~ are describ~d by the· effective H~iltonian; obtained 
by integrating out the top.quark and,W boso~ a'nd using.th~ Wilson ~xpansion [4]. :For· 
the case of b _;_ s transition: · · · · 

· ,_ .- .4G. •· -· '8 .• · -• .- ' - ' . 

Heff(b:..... s)=''- ;½:Vib LCj(µ)Qj(µ),'; :.· 
. . • • 2 .• : . j=l. .. 

(1) .. 

;here V;1 are the corresponding CKM ma~ri~ elements,fO;} are a complete s~t of:ren"or­
malized dimension six operators involving light fields, which govern b ---+ ·s· transitions. • 
They consist of six fou~-qua,rk operators O; ,(j =I,' ... , 6), which determine the non~ 
leptonic .B-decay rates, the electromagnetic dipole operator 01 ... 

; . _, \ e- -~.,,. _, .-- - . , , - : , ~ .,.·· 

01 = l6-irZ'so-µ 11 (mbPR +m;,PL)bF,_.,,, PR,L = (1 ± ,s)/2, .. (2) 

and,th~ chr~nwmagnetic dipole operator 0 8 , which~~ responsible for the_rare B-decays _ · 
B-t x.,and b---+ s + g, respectively [4). The Wil{oii coefficierits C;(µ) are evaluated. 
perturbatively at the W·scale and then they are evolved do.;_,n to the renormalization I 

scale µ ·:.:., · mb · by: the renormalization group equations. The coefficient 'of the magr~etic , 
'.Operator, C1, has been calculated to leading logarithmic order [4,5): The riext~to-leading 
order corrections to the anomalous·dimension matrix are also partially knowri [6). ... .· 

The dciminantcontribution to the incl~sive decay width I'(B -t X_;-y) comes from . 
!he magnetic mome~t_term C1(µ)O7 (µ). T:\ius it is necessary to.calculate the hadronic 
matrix element of this operator. Recently it has been observed,that the·matrix·_ele~ 
inents of inclusive decays ofhadrons containing a heavy quark .Q allow for a systematic · 
e~pansion in powers of 1/mQ [9), The leading order term c:ifthis expansion reproduces 

, ,the partoz.i mciael rate and the nonperturbativ:e corr~ctions"'appearonly at"the second -
. - order of 1/mQ e'xpansion.[9).· Therefore, the decayrnte for B -;+'X.,is [10) · 

, ~ " . , ' . . ; ~ \ ~ . ' ' 

-; -·. · .· az ·s· . :- . ( · ~2)_(. rri.2)3 
. r(B---+ x.~f=. ;2cn;b 1Yi:Vi·b1 2 1c;(mb)l2 i+ ---½- 1--:---½ . 

·, - : · .. :-··." -rr... ;,._ mb .... mb 
. , ( · .,\i_ - 9p..\2 ; ) 

J x 1 + 2mf ,_ +_O(1/mb) , (3) _ 

_ with p_ ==· ;:;::~~:;::. 'The ·par_am~ter ·..\1 _is rel11:ted ~~_!;.hekin!;.tic ~~nergy of the b-quark 
· inside Bmeson and ..\2 is related to the B '--B* mass splitting [8). This rate is strongly 
d~pendent on the 'value of b-qu~k mass· mb, which' depends on the- definition. So it ·is. 
'more convinient to connect r(B ---+X;,) with the experimentally observed semileptonic' 
decay rate. · ., . ·· .· .. . . · . . . -. _. . - : _, · ·. 

The branching ratio BR(B.:.... Xs,) can,be expressed in terms of the inclusive, 
_ _ s~mileptonic branching ratio BR(B ---+ XR.vt) as [7) . ' - -

-,·-·- • > " ' -

' . . . . ~ IV1:Vi~l 2 
\ •• --1c1(~b)l 2 K(m,;) .. · ; BR(B ~ XR.vt), 

. BR(B '--'+ X,·r) = 6 7r·.1Vc~l2 _g(mc/mb)(l--: H:-f(mc/mb)) · · 

.~"';1 

' 
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wh~r~ g(r) is the phase~spa:6e fado~ fo~ r(b.:... cRvt): ·g(r) == 1~8r2+8r6 _:.rs.:.C24r4 l~(r}, 
and experimental value BR(B..:.+ Xevt) :=::::J0.5% is used for the semileptonic branching 
fradio~. • Thitfunction f (r) accounts for QCff correctio.ns to the· semileptonic decay [23J~-

- and,for a typical quark_mass ratio of r = 0.35±0.05, it has the value j(r)== 2.37:'.f=0.1_3. 
· - The factor 'K(m) contains O(a~) corrections to the B -+ X,1 rate; due to the QCD · 

b_remsstrahlung process~s [7); The resulting branching ratio is [7,24) . 

BR(B ~: x.1 ) == (3.0._± L2) x io-_!, - : (5) 
. . .. . . . . - •-· . . - : . - - ; . .. . / . -- / -· 

'for mt in the range 100 < m 1 < 200 GeV. . .· . . . . 
-- . . This result agrees with'a.recent·data_on tlie inclusive dec~y_rate by'CLEO.collab-. 
- oration [3):' ·: ' ·_ . , · ·-·· _ ·_-.·_ . _ · · ( · · • : .·' ,'._ ' _ · . : .. • · · • :-

BR(B ..::+ X.1) ~ (f32 ± 0.51 ± 0.32 ± 0.20) x lo-4; . - (6) 
-:-· ' .• . . ,- ' . , . ' /. -'· .•--.....__:_ ,. / ,,. . . ; - . . . ,· . 

. - In what follows we·shall-discuss. the ·exclusive rare radiative decays of B mesons, 
like B.,,i-> K*7, B;~ <h_ and the CKM-suppressed chanel~ Bu,d .-:-> P'Y,/B. _:.; K*-:y 
. We denote all thesemodes by B -> VT' whereB is B,, d o:c. B; meson and V is 
K*, qi or p. ,The main co:Utribution t~ the exclusi~e B ;--> v;, decay amplitude comes 
from the magnetic moment oper'ator 01. The relevant matrix element. has the.covariant 
decomposition [11]:-::_ . . I 

', ., • ', _..,:,, > • ••·----.. ~ • ' >' •:• • •\' • - ,, a ,, ,,{ ~ • : / 

·(V(pv,e)lfiuµv<tPRblB.(PB)} ~ if1wp'ue*"p~pvF1(q2) . 
. . . •' -_· .. ·•• ,·+ [e~(M1-A~i):::.-Ce*,:'q)(Pn.tPv)µ](!2(q 2 ), (7) :. 

, ~here G2(0) =·:Fi(0)/2;-e is>a polarization vecto~ o{finii:l.yictormeson, g_:= p~ 7"P~ 
· denotes the fotu'cmomenta 6f the emitted photon. The exclusive decay rate is given by 

• '. '. 0 '' • ,: .. ,· •• ' - • • ' • • • : ' ',: • - - •• ~ '· --

•--_-_.. :a2· - .. ·-' - .'i>·: .. 2 - ··2-)·a··,.·. 
r(B - 'T?*)'- pC'tllT* ·12IF()l21c·c····)12( 2 2)(MB-;MK •. ().-

.-_. ->~\'Y =321r4 v_is~b• _10 __ . __ 1mb -___ mb+m. - .MiJ --.--' 8.-. 
and the anal~gotis expressions can be.-writt;;;_-forT(B; .-;>-ql-y), I'(B cc-> Pt) a~dT(B~-> 
K*1 )'. _Then the exclu~ive branching ratio-BI!,(IJ,"77 K*1 ) is. ' · - · 

- . -

:BR(IJ '7-K*7) ==R, BR(B_-+ x.1 ), 
,· 

(9) -

where· the·ratio 9f the.exclusive to inclusive radiative decay rates is determiri.ed,by (3), 
·(s)tobe:.i ··.-•· /. ·-. < - , .-,-- :- ,: ....... ~· < ___ -~ .. • 

-- .. ··.-: . ' ·.,. .. :'- - - .• .. 3 ·_ ... . _.. . ,- -

. ~I'(B-> K*'Y) (1- M'f<~/M1)· 'M1. :, IF1(0)l2 

~ == I'(B-> X,-:y) ~ (1 -;7:~;/m~)3 mg .K(rnb)\ 1 + >-:;~f 2 y (10) -

'I'he fact~r ·K(mi).;; 0.83 [71, the Il,;rameters~'>,i ==· -0.30 ± 0.30 GeV2 [8,25]and 
>.2 == 0.12 ±: 0.Ol_'GeV2~[8]. _ .. _ . . __ _ . ' ___ _- _ -' _ . . . : 
'. - We shall calculate_ the fonn factor F1(0) with the:""account-oCf/rnb corrections. 
tip-"to the second order in the framework of the reiativistic qi'i:ark model based on_.the 

, quasipoten'tial.method'. - . - ' -
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-3. Relativistic_ qllark model 
In the quasipoten'tial ~pprciach me~ci~ is described by.th~ wave fun~tion>or the bound .. -
quark~-~ntiquark state, which satisfies the quasipotential equation {26] of th·e Schrodinger · 
type [27]: · : ' _ _ .. . ,- - . . . - · - • 

- -(b2(M) P2 •) ·. _:, J dacj -. . 
. - 12µR - 2µR ~M(P) ;= (21r)3 V(p,.9;M)_'1JM(q), 

·,. 
---~ . ' (11) 

· -\\'here th~ relativistic reduced mass is _ . 
·,: ·· .:, M4 -(m2-~ 2)2 ·· · - -· a mb .· 

µR ~ .· 4Ma__ .-_i 
(12) 

_ b2(M) == [M2 .::_(ma+ 111b)2][M2 ....: (ma..:_ mb)2( 
. · · · · 4M2 ·· · - ' 

(13) 

-;,;a i, are the quark mass~s; Mis the meson. mass; p is· the relath'.e mome~tum of• 
qu~rks. Whil~ constructing the kernel of this equation V(p, q; M) -c:.- the qu~sipotential 
of quark-antiquark interaction _;_ we have aiii~med tha:t effective interaction is the surri , 
of the on'e-gluon excharige term with the mixture of long-range vector and scal~r linear . 

·· ~onfinirig poten'tials. We· have also assumed that at ·1arge- distances quarks acquire. 
universal nonpert~rbative anomalous chromomagn'~tic moments and thusthe v~ctor -
long:range potential containsthk Pauli interaction ... The quasi potential is defined by 

-[16):' - ' - - . - . . -

:V(p; ci, M/7 Ua(P)u~(-;)n~:bµ;(~;;:'Yb +~c~nj(k)f~~b;~;+ v~~~;(k) }ita(qj;L·b(-q), ' 
. .. . - , _. - . . - ~,'(14) 

where as is t_he QCD coupling constant, Dµi; is'the gluo~ prop9-gat~r; '.)'µ _ _and u(p) are 
the Dirac matrixes and spinors; k == p - q; the effective lorig-range·vector.verfex is '· 

. '' .• ' - .,··.. ' . ' - - . .,, 

:,,- .. , .\,.) _'-,_,i~ · ... ,. , 
- I'µ(k)=1µ+2mu;,,,k~,-- ·1 (15) 

'•• ' • .• I 

K, is immnalous ch~~momagneticquark moment. Vect;r ~nd JCalar confining potenti~I~ 
· · iri the nonrelativistic limit reduce to - -- ,, · ' ' 

· V .. . · - ·. _· - ·-• . • -. s· .· -- "'. · ~ 
Vcon/r) == (1- c:)(Ar + B), · ½onf(r) = c:(Arf B), 

' . / .. -.· .. , . . . . 
- (16) 

reproducing v:::!e1(r) ~ V,,~;1+ Vc~,;j == Ar+B, where t; is the mixing co;ffici~nt. The 
explicit expression for the quasipotential with the account of the relativistic corrections 

- of order v 2 /c2 caiibefound in ref. [16]. All the parameters of our model: ·quark 1nasscs, _ 
pa~amete;s 6f linear ~onfininjfpoteritial A and B, mixing coeffici~r1t c: -and anomalous 
clfi-omomagnetic quark moment i,, were fixed from' !heanalysis of meson m~sses [16] and 
radiativedecays [17J. Quark masses: TTlb =·4;88 G(N; nic = 1.55 GeV; m. = b.50 GeV;' 
m~,d =c= 0.33 GeV arid parameters of-linear potential: A== 0.18 GcV2 ; B= .:..o.30 GcV -
have 'standard· values for. quark models.· The· value of mixing coefficient of vector and 

I -......; ·/· 

; .. ...._::,_· 

'5 ---
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scalar ~onfining!)otentials\: = -Q.9.has been p;imarily chosen from the conside~atidn of 
meson radiative decays, which are ~ery sensitive to the Lorentz-structure of the confining 
potential: the ·resulting.leadi~g relath;istic corrections coming from ;ector anq scalar 
poter1tials have opposite signs for the radiative Ml - decays [17]. Universal anomalous 
chromomagnetic rnornent of quark " = -1 has been fixed from the analysis ofthe fine 
splitting of heavy quarkonia 3 Pr states [16]. · .•. · . . . / . . 

· Recently we have considered the eiq:iansion-of the matrix elern:ents of weak heavy 
quark' currents between pseudoscalar. a~d vector meson states tip to the secori.d. order 
in invers~ powers of_ the heavy. qi:iark masses (21]. It has been found that the general 
structure ofleading,.subleading and second order 1/rnq:correctionsin our relativistic 

· model is in accord .with the predictions of HQET. The heavy quark symmetry and QCD 
impose rigid constraints onthe paramefers of the long~range potentialof our modeL 
·The analysis ·of the first order corrections [21] allowed to fix the value of effective long­
range anorn:al~us chromomagnetic moment of quark~"= -1,-which coincides with the. 
result, ob.tained from the rnass spectra [16]. The niixing parameter of vector and scalar 
confining p'otentials has"been found from the comparison of the· second·order corrections· 
to be i-== ..:...1. This value is verydose· to the.previous o-ne c ~ -0.9 determined from 

. radia:tive decays of mesons [17]. Therefo;e, we have got QCD and heavy quark symmetry 
mcitivafon for the choice of the main parameters of our model.° The found values_ofc 

... and ,_ imply that confining quark~antiquark p~tential haspredominaritly Lorentz:vecto~ 
structure; while 'the scalar potential is anticonfini~g mid helps to reproduce the initial 
nonrelafo;istic potential: . . . . 

,, ·. 4. Cakulation ofthe rare:radiative decay form fador .· . 
0

The airiplitude of the exclusive B ~ V-y decay i~ proporti~nal to.the hctdr~ni~ matri:< 
element (7) of the Illagnetic ~oment operator 0 7 • Thus it is necess~ry.tocalculate the'·. 

,/ 

transition form facto;- Fr(QL · . · ·•.. . • . • .· · · 
. _The matrix.element:qf the local currerit.J between bound states in the q'uasip~: 

tential method hasthe for~ [28]: · , . . 

· (~IJµ(O)IB) ~./d;J1r~:q_'iv(p)rµ(p'.q)~B(q), > · (17) 

. whe~e T µ(P, tj) is the two--p~r~i~le vertex fu~~;ion ~d '11v,B·~i:eth~ me~on ~av~ fu~c-•· 
tions projected onto the positive· energy states of.quarks. · .. . . . · 
.. _ . In the case of rare rad_i_ative decays JI'~ fiuµ;k" PRb and in 01:der 1o calculate_ its 
matrix element between meson states it is necessary to consider the contributions to r 
from Figs.• 1 a~d 2. Thus the vertex functions look like . . . . . 
~ • ~ ' - • '. ✓• .,' ; ·. ' • ~ - '. ',"- \ 

<. , r~1>(p, q) ~fil(pi)iu~.,k.,;(t; ?)~~-(qi)(2~)38(p2 - qi),. (18) , 

and 
. . . ·. .. . A<->( ·.·) . . . . 

t (Z)(·· .) _: ( )-·(· )l·{· ·(. · s)·. b ki . ov·c·· . ) 
!''·p'.q-~UJP_1Uqp2 i. iuiµv/+1i ci,(k1)+cb(Pi)'i .. _P2-:'Q2 

<. \ 

.. '.,A 

<\., 

6'. 

i' 

j 

,. 

·i 
- .1 

I 
~ 

11 

i. 
r 
i ·,1 

f 
•· 

\ .· 

~. 

1: 

. ' A (..:.) ( k') . ' . . . C • • • 

+V(pz - qz) . (k') + i ( ) ,~iui~v(lj-,f} }ui,(qi)uq(q2), (i9) · 
· .. € I i . c / qi / . . , · · . · . · . ' . ' ' 

where ki' = Pr~ ~; k; = Qi +A; A=pB-PVi 
i 

c(p) = (m2 + p2)if2; 
. . ,\ 

r,,,,,.•,--- - i ,. 

'· 
A<->(p) = c(p) ~·(m,o+i(,p)). 

I. . . 2 ( ') . . -·~ €p . 

Note _that the co~tributi~n rC2> is the consequen~e of the piojection o~tci the pcisitive­
energy:states. The_ foi-m of the relativistic ~orrections resulting from the vertex functio~ 
rC2> is· explicitly dependent ~n the Lorentz-structure of qq-interaction. . ' . >_ · .. ; ! · 

· · It is cori.veii.ient to consider the decay. B -:->VI in the B meson rest frame. Then 
the recoil momentum ~•of vector rrie~ori Vis highly relativistic (l~I ~ MB/2). The 
.wave functiim of the meson moving ,vith the ·momentum A is connected with the wave 

: fon~tion ~t rest by _the tran~for;mation: [28] j . 

:..., . : '¥-~ a(P) := n}12(Rfa)D!12(R1:a)'11vo(P),_' 
,.,· • ~ . ' ·:. ·•·f' ""',! <. : : ➔ • ' 

:·· (20) 

'where D 1l2(R) i; th~ well-knowri rotati~ri matrb(and Rwis theWi~ner fotatiori.. 
. The• meson wave functions in. the· rest. frame have 'been· calculated by. numerical 

-solution of the quasi potential eq'u:ation (11) [29). However1 it is more converiie~t to use' 
-< analytical expressions for ·mes@ wave functions. Tlie examiriation of numerical results 
. for the ground ~tate wave furictions of mesons containing at least. one light ·quark has 
: shown that. they can be well approxiiriated by the Gaussian functions ·• . • • / • ·. 

_/ , •• • •• > • • "', _, 

. . - . . .· 411". 3/4 . '( p2 ) : 
. '¥M(P) =,'¥Mo(P) = (/32), exp -,2/Jf.t 1 

. ;-. ·. . .. .: . . M- • . . •• 

! 
with the deviation less tha,i;. 5%. 

: . The parameters ·are 

/3B = o.41.GeV; · fJK; = 0.33 GeV;· 
,_ ·"' > -. .-,. 

r= 0.31 GeV· P .. ·-. , 

~: /Js, = DAB GeV; . . /3,t, = 0.36 GeV. 

(21) 

(22) 

. . Substituting the-veft~x ·functions ·(18), (19), '\vith. the acco~nt of _wave fu~ction. , 
transformation· of vector meson (20), in the matrix element (17) we get for.the.forin 
factor Fi . the following expression: · . '· -. • · •· · '. • · .. · · • . ' . . . . 

> 

. . . .. .. . . . I 

Fi(O) = _i;'f1\o)+~F18 <2>(0)'+ (l,-,-c)Ft<2>(0), : (23) · 

'...::.' .\\ 
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·, 
! 

~(1\o)•~: {Ev".Ev.·•1·· d
3
p '1,;(p +. 2t:q_ -~ff c:,(p +b.) +m, .. I cb(P) + fib 

.· 
1 

. VMn (2rr)3 · . . Ev+Mv V 2c:,(p+b.) • V . 2c:b(P). 
. • .. . . z . A . - . ...--· .. · . . . 1 . . . 
X {1 + · •• Pz + (p ) . + (MB - lEv)-[ . . · · · 

··- ... (c:1(P+b.)+m1)(t:b(P)+mb) ·' -- t:J(p+b.)+m1 

~j~~)CJ(P+1)+m;·+~-b(P/+mJ' - ;- - .· --_ . 

0 

· . p;:+ p; (. ; ·1 . . .( · 1 .·.· .. 1' ) · . . 

:-- 4Mv . c:(p) + mq c:,;(p),+ mb "".' t:J(P+b.)·+ m1 · · 
1 

, 
..• ·. 4 .·. . . .. -.· ·.· 

+ ·.· . ··· )]}w ·(p) - · (24) 
.. (c:1(P) + m1)(t:b(P)+mb) . , _B ';. -.. 

, - ~ ~ ' 

p
1
sSJ>(o)::·•· /Ev.Ev/ d

3
.p '1,~·(p+ . 2i/ A).;f.c:1(P+b.)+m1 . 

.· . V"'ii;;· (2rr)3
_.-:- _. Ev+Mv .. ·Vi ·2c:1(p+b.) 

-~~{ 2c: 1(;{)~~;(~~: m1) ( l,+ • ~t:bEv (~~))- · 

-,•(·M-. ·(.· ,·2c:q·• ·.). ( .. -2t:q. ).·.( - (pA) 
. . x v - __ c:j P-f:'"Ev+_Mvb. -t:q P+ Ev +Mvb. )- MB--. Ev) A2 .. 

. . . . .• -- · .. - . .. ·~ . 2 ·.. . • . . . 2 '.' . -
; (M~ + Mv _:- q(p) ---:_t:i(P) - t:J(P+ ~b.) ~ t::(p + ~b.),- _ "-

-.:. ... , . -- • 2mb(cb(b.) + fib) . - . 

·+ MB:~ Mv ;t:b(p)-eq(p) +t:.J(P+~b.)+;iP+_~b.)).}w \ )': 
.~· .. · ·· · ... ·•.· · • .. 2t:1(b.)(c:1(b.)+m1) · > · . · · , BP, 

--- ' .. - ~ ~. - . ~. . .· 

-· (25) 

. ·'/ . . -. .. . 
-:' 'pt<2)(0.f,;,,·-fEv1· :•d3p 1'.v(p+·· 2t:q - A)·/c:!(p+b.)+m1 

. ; . :VMv .(2rr)3
._.. Ev+Mv , V 2c:1(p+b.) 

.. - >< {·: .t:J(b.)-:nJ '(.l+_MB~EJ(pa)),. _·· 
_ 2t:1(A)(c:1(b.) + m1) · ·. ·.· 2mb A 2 , .: .· 

.· - . · · -2t:q .· ·: : . ·. 2iq . · . _; . ' - (pA) 
. x (Mv-,c:_1(P+Ev +Mv b.)-c:,h: Ev·+Mv b.)) +(MB-Ev) A2 .· 

. . . , . . . - . ' . ·. . . .. .. . 
• - ·. · ze·· . ~ 2e ·· ·· · · · · . . · · 

. - ... ,, x (Mv - t:J(P+ ~b.)--: t:q(p + ~b.):+ ·MB.,-- t:b(P) _c. c:q(p) 
. · · .. · · 2mb(t:b(b.)+ mb)- . • • .,. - 2t:1(b.)(c:1(b.) + m1) 

. . - . ,f+ ii: - · (' • 1 · ·•· - 1 ) . · · • . . +.. . .. . . -:-- -- (MB -Mv--,- cb(P) 
;l(c:q(p) + mq) t:b(b.) + mb ··, c:1(b.) · · . . - . ' -- - 2 ·~ . -···;--· . . . . 2 .. - . < -

.+e1(P+E :<iM b.)-tt:q(P+:E :q~ Li)))}iB{P), (26) 
· V v· .. · . \: . V . 

. -. 

8 ·-
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;·1,. 

.. · .-.~\I . . 
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wher~ the -superscripts ''(1 )" a~q "(2)" corre~porid to Fig~. 1 and 2; S and_\;' - to _the .. 
scalar and. vector potentials of qq-inter!lction; ._ . ,· . . .. .. _ . ; .! < . . · 

/· 

.. M1 - Mt ·. · / , M1 + Mt . 
JAi ==:= • 2MB , ; '--.:. Ev = 2MB ; 

/ 
(27) 

. a~d z-axis is chosen in tlie dire~tion of Li. -The coi-1:tributioris to the form factor coming 
from Fig. 2 are proportional to the binding energy of_B or'V mj;!sons. Tak_ing into account 

. that'in c;mr model ni'b + ffid ~ Mb; mi,+ m., ~ Ms,; m, + ~d ~ M1,~; 2m, ~ Mq,; 
2md -:5!.·Mp and'.IAl2 ~. mV4 >> (p2 ) we have neglected the terms proportional to the'. 

/ pro~uct,of bindin,g ene,i:gies ~~d ratios p 2 /c:}(b.), p2/~t(b.). The omitted terms ·are' of 
order 1/ mt / / ·, · , '. : ·< , · , '. • . · _ • . , • \ • • , : 

1 
: . 

_ ~ , T,h_e expressions (23)..,.(26) for the form factor F1 (0) differ from our previous results 
1 '(22] iri the argument of the wave function of final vector meson V. In (22] we have used for 

sim[Jlicity the nomelati~istic limit p + if1-'A for this argument, taking into account tlie 
approximation of the wave functions by Gaussians. How'ever,. our recent analysis of the 
,1/mq corre~tioii°; to the semil~ptonic decays (21] has shown, that s;ch app~oxiination 

is no't corriplet~ly adeqU:ak It-is ne~essary .to take relahvistic expressi~n B ,t ,Ev
2~,J~ A 

iri the argument of the wave fmi.ctig,n,.what is done in eqs: (23) -(26) . 

I, 
. - ) ,. 

5 .. 1/mb expansion for the form factor Fi(O) 
. A~ present ~conside~able theoreticafintefest is attrncfed;t~, HQET. Tliis theory is ba~ed .· 
. on QCD and l{eavy quark expansion. Additiona}heavy :quark symmetries (for a re, . 
view see -e .. g. [8]) aris'e in the Jimit of infinitely hea'-vy quark mass. "HQET provides 
a·systematic·expansion in inverse powers of the heavy quark.mass of hadronic 111.atrix 
elements between m~so~s with one heavy and one light quarks: In the case ofexcl-usive . 
hea\fy-toaheavy. transitions· heavy quark symmetries considerably reduce the number of 
independent form factors i1; each order of 1/mq expansiOIL This ,simplifies tire theo'.. 

\ retical analysis of bch 'decays. ln exdusive heayy~to,light meson transitions (s1ich,as' · 
the B .:..... V I decays) Jhe predictive power of HQET is esscntialy less. Only the rela­
tions between various, form factors of the semileptonic and rare B-decays are' imriosed 
in the iimit of in'finitely heavy b-quark mass .(30]. · .. Ho~;ever'; as it_ has been -alre1idy 
mentioned in the introduction, the large value of tI{e ·recoil ;noinentum of finar'vector 
ni.~s~n IAI,.,:; ~&/2 allows the expansion, in po~ersof-1/i;idor~tten{diative rare de_ca_}' 

· form factor F1 (0). This expansion leads to considerable simplification oLthe formulae 
· for F1(0). · lthas been al~eady partly us"ed by us in derivation of (23).::(26): The la~gc' 

yalue,of recoil.momentum IAI allowed us to neglect p 2 iri. comparison with ·Li2 in·t.he 

quark eriergy t:1(p+'~)in final meson in the e~pressi6ns focFt2
> ;nd Ft<~_>. Thi1s ~Vf' 

were able to perform'one of.the integrations in the·current matrix clem·ent ·(17)using. 
quasipotentiaLeqm~tion as inJhe case ofthe heavy final meson· (17,19,28].;-As a rc~ult, 

· we ge~ more compact formulae: In this section for.the sake of coi1siste11cy wc·tr:r~-ryout 
'-- the complete expansion of (23)-(26) iii inverse po-ivers ofb-ciuark niass. . 

/ ' . . ! . : . • .. '' -, . • ~ . , ' ~ -~' ' , < ' 

,' ·, 

9/ 

. 
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· fo•HQET the ~ass of B meson ·has ;h; following ~pansion' in 1/mb· (8] · 
' . 

. .. . . . - Sm~ .( 'i ) . 
Ma= mb +A.+-.-+ 0 -2 ·, ·c.--

. ·. 2mb · . mb 
(28)'. 

. ' . . -,.,-_ 

~here parameter·A is the difference between the meson and qiiark masses in the limit . 
· of infinitely heavy quark mass: .In our model kis equal' to the mean-vaill:e of light 

quark energy inside the heavy meson A= (cq)B::::: 0.54 GeV(21]. 6m~ arisedrom tlie 
· first~order power corrections {o _the HQET Lagrangian an_d has the form (8]: . 

.· 2· -: . 
. 6m 8 = .-..\1 --:- 3>.2, (29). 

Th~ parameter_,\1 ;esults from the mass ·shift du~ to the ki~etfc ·oper~tor, while ..\2 
parameterizes the chromomagnetic interaction (8] .. The value of spin-symmetry breaking 

~ . - . -_ . . . . . . . / . . -
parameter ..\2:is relate.1 ~o the vector-pse~doscalar mass splitting · . . .· . . ·: .. 

..\2 ;r(A1J. ~M1)~
0

0.i2±0:plGeV2: 

The param~ter ..\1 is not directly c'oimected ~ith observabl~ quintitie; .. Theoreti~al 
. predictions for it vary in a wide ra0:ge: ..\1 =.'-0.30 ±).3Q G_eV2 [8,25). . ·: . _ . . 

In thelimit mq ~ 00 1 meson\'{ave functions become .independent of the flavour -~ 
of heavy quark: Thus the ,Gaussian parameter (38 in (21) 'should have the following 
expansion [21] · _ , . . . . 

. - 6(3
2 

( 1 ) · · .. /Ja ::= fJ - m·· + 0 ;;;- , _ f3 ~ 0.42 GeV, • . (30) 
- b b . . • 

'iv here the second term b;~aks th~ flavour ~yrri~~try ~:r{d inour mod~l is. equal to '6p2 ::::: 
0 045 Ge V2 (21] "'. · -: ' . ,· .' . . · . ' · · .:.. . .· ··.· ', ·. · · ·, , . ,, . ', > : · 

. · Substituti~g (28) in (27)w~ get the 1/mi, exp~si~n.~f the re~~ilnwme~tu~· and'. 
the en"erg{of final vector meson: · · · . · 

' ·-\•.;;_'·'_" ·:_·-,··,~'.':,: .' ',; ,:,,·-~_ -_-,~--

,~,~;~b-(t+2.:(Af~m~~Mi)+.O( ;.) ) , 

'---~~ .-:b--·.:·~2 ·2·.:_e-;~-
...... Ev =. ~ (1 +-.(A+ 6m8 +,Mv );+ 0 (·~))·· < . . • ;. . .. . i:ib, ; . , , .· ' ' , mb. , . 

(31) 

No~ we use the Gaussian approxi~ation for' ~h~ ;ave functions (21 ): Th~ri shift~.; 
irigthe integration variable) _in (23/-(26), hy :~ ~v:Mv ..(l; we. ca:1-· factcir out_ .the ..(l­
dependence of _the meson wave functJon overlap m form factor F1 • The result can be. 

·. writtenjn the form'- . . . _ . • · ·· . ' . 
Fi(O) = [1(A2 ) exp(:.:.(~.2),. ,-· ·- · '(32) 

where jAj is given _by (27)and' : 

; .'.·-: ' 2A2.a..2; '•.· ' - • ; 2A2 ,\' (M -M,) 2 

(..(l

2 

'.':' (/Jt + Pi)(Ev+Mv)2 ~ (/31+/Ji) 1'[:+M~, \'. 
~s . . 

,· (33) .' 

··--·-

;r 

I 
I 
;! 
J •' 
'fi . 1. 

'\I; 
Y~. 
•'•~\ 

j 

l 
J 
f 
I 
I 

I 1-
{ 
◄t 

: (I 

I 
.\ ,. 

· . .r 

. here A is equal to the mean value of light'quark energy bet~een heavy·and light me.son 
"states: ·· , - .. ,,... · ' · ··-

: A~ (cq)- '¥ .- , 

Expanding (33)° in powers ofl/7?1b w~ get 

. ·-:--' -'~ 

· . · .. · · A2 ( · M ) .. · . ( 1 ). 
(..(l2_= -TJ 1 :.:.4~ ·+o -. · -~ · 
- • , fJ2 ~ : • :n~ . ·. ml . -

(34>'..' _ 

. (35) .. 

·; where: T/ -~- pi!~, ~ ·we see that th~ first term in ihis expa.'lsi~n is large; Really, even in 
'. ·,._B V, ·• • ' ,, ' M ' . '. '' ' . ' ' 

the case oqhe Eghtest final meso~ p: 4~ ,~ 0.63. The valu~ of.this correction to, the 
form factor F 1 (0) is also }ncreased by the exponentiating in (32). Therefore, we conclude 
tha~ the firstorder_correction in 1/mb expansion of F{(0), arising froin the meso,n wave 
function overlap,. is large. Thus; in the following, we use uh.expanded expression (33) in 
the exporientia_l of the form factor:.,£1 (0) in (32). . , . . . . . , .. . 

. fo.confrast to the meson-wave function·oyerlap thefactor,r{(A2))n (32) has a 
well defined 1/mb expansion~ First and second order corrections are sinalL Substituting · 

' the Gaussian wave functions (21) in th'e expressi~ns for the formfactor.(23)-(26), with 
the value of anomalous chromomagn~tic quark1noment K = -1; and using (32) and th'e 

. expansions (28F{31); we get up to the second order in 1/mb expansion:.>:-
. ' ~· ' ' . 

. '.r°i(A2) =:.r?\A2) + E.~<2>(A2)'+'(f-c)F[<2>_(A2);' 
• ,:. •. Y,.-c , . 

(36) . 

. _;1ic"• ).·. · (: . 1 : ·(·"'~ .. ·(• ·;-(1' _ 1 . · : 1.. : i . ) )) 
.J-1 ..(l = N 1 - - AT/ - p . - _ - - _ .. • . , 

,. , , • . • 2mb , .. · 2 E.q + mq . 3 E.1.+mf' . 

· · .. :r 2!I(Mi·,--.m}- ~(p
2)-lA2

TJ
2 +_~T/c1f 1i.2~;) 

~ +_·' X:,,2 /J_i 6 f3
2
•.:. ~ l~ P

2 

• :)· _(~m ~,+ :Jii v·+2x ~ ~A_ T/) 
_•.· (32 fJ .. 3 \ E.q + mq . 2 • .··· ;, • .. : . 

'+.· l /_: P2
.. ··)·. (2M_; ~ ~ ; I)).)' _i' . ' 

3 \c1 +.ml ·- -. . ·· 

·f;<;·>(42}·~,N'f_ (_i (1,-2-(3m;1x-: ~A~) )(Mv•~:(ij)~ (t1)) 
. · • • < . , :_ mb > mb , , , • 2 · , . • .• .· ;_ < · . ·.·• , 

, + ~~{ 1v'5(A+ Mv -'-'(ti) - 2(tq)) +2(~--Af~ +(ti)} 
3 b_ ;+ , 5{ 5 _c , : 1 , .• . p2 . . .·· . • , , , < 

~_2(iq}~-a(2--2+ ✓,5){t1))}; <38
) 
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.r[<2>(d2
) = N~(~ (1 - _2_(3m1 +A+ ½A11)) (Mv - {tq) ..__ (t1)) · 

· . . 2 mb mb . . · · . : r 

A77 (: 1 - (.M , ·(_-.) • (- ·)·)- · (A-: :(_ )) . -
- -2 - ... ~ V - € f - cq + 2 - cq 

mb. 2 + v5 . · · . · ' 

,, 
__./ 

· 1·( _ .- 2 ·)/p2
)·,, ·(1' · .. 1 · )/p2

·) . 

+ 6 1 + 2 +.v'5 \\ €/ - 2,- 3(2 + v'5) -\ €q )), ' (
39

) 
-, 

. •·.' . ' / 

_ ; · · 3 /2 · • , · , 3 /2 _ . . _ . . , . , ' . 

where N = U!~~~) _. = _ (~11) ,· . is due.to the normalization of Gaussian ,vave 

fu~ction~ in (21);· t;' =· Vp2 + ~1 + A2 77 2 '·(i = j, q), i. e .. the energies a,f light quark~-
in final vector meson acquir~ additi_onal contribution from the recoil momentum. The 
averaging is taken over the Gaussian wave fu~ctions of B and V mesons, so it can be 
carried out analytically. For_ ~xample, •.. - . . . . . . · ... 

' ' 

'>--.-. ~-
2 ' - • 

... 1 m; ezK1(z)j (t;) -~. V7f flv>fo · 
--· 

(40) 

: : - ._. - , . -_ . . ~ ' . . . ' . ,, - 2: ~. .. . ' . 
where m; == m;;.+A2 772 and K 1(z) is the modified Besst;l fu!ilctiori; z = 2;;,. 'Analogous 

J , , ' .,. • ~~ • , • • • ._ • V . 

'' 'expressions can be obtained for the other matrix elements in {37)::::(39). . . _ · 
- : \· Our final result for !he rare ra~iative decayB ,:-+ V, form factor, J:'1(0) is giv~n·up 
to the second order of,1/mb expans10n by eqs. (32),.(33) and (36)-(39). . ·'. . 

', _,~, . I . - , . 

6. Results and dis.cussion ' . , / 

Using.the parameters (22) of the wave function~ (21) in th!'! expressions for the fm;in' 
factor Fi(O) (32),(33) a~d (36)-(39) we get (for-the values of the anomalous chromomag­
_netic quark m~ment t;; = -1 and the mixing parameter of vector and scalar confining . 
potentiiils t: = -1 [21]): · ·. · · -- · ·. 

-, . ,~. . 

p1B-K:"Y(O/ = 0.'32 ±0:03• 

F1
8•~if>"Y(O) == 0,27 ± 0.03 

: , '. 

p 1
8 -P"Y(O) .:=. 0.26 ± 0.03 _ 

F/3•-K~ 7(0) == o'.23 ± 0.02. · 
(41) 

~ .. ! . ~ - . . " 

-The~theoretical uncertainty in (41);results mostly from the approximati.<:!_n of the wave 
functions by Gaussians (21) arid_ does not exceed 10% of form factor.vahies .. The contri~ 
butionsof higher order terms in 1/mb expansion in (36)-(39) are negligibly small. Thus· 

· __ the unexpanded (23)-(2?) arid expanded ( 41) _values of form factors differ unessentially: 
Th.is conclusion is confirmed by numerical analysis. · · · · : . : ., · · 
-_; Our results (4i) for the f6rm f~ctor valu~s are in·good agreement with recent cal­

culations ,yithin the light-cime QCD sum rule [13] an<l hybrid sum rule-[14] appro'!ches: 
The comparison ofpredictions is given in ·Table L _A,ll resuHs ag~ee witliin,errors. 

,, 
s" 
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Th~ cal~ulated _;alue of form fa~~or p/!:-_K•;;\~· (41) .yields ~or the·rafio' (10) of 
exclusive to inclusive rndiat_ive decay widths:. ' .. _ -. 

R(I} ~ K*~)--= I'(B.~ I{*,)== (;5:~3)% ... 
- _ ..... - _ I'(B ;-+ X,,) ..:. _ .. · _ (4~) 

Combini~g this result•- with the QCD-improved inclusive rac!Iative: branching ratio 
BR(B-:' X.,) given by (5), we get . • , 

:BR1h(B-> K,*,y) == (4.5± L5) x 10'-5 : _, ', . .· -~ ,· ~- . ,(43) 

>,This~branching ~atio agrees well:with ex~erirnental ~easurein~nt'by CLEO [2],. 
. . ' -· . , . . . ~ ' .. ' , ., '. . ~ 

BR'xP(IJ :-+ 1<*1 ) = (4.5 ± 1.5 ± 0.9) x 10_:-5 • 
' ; , , . . . . ,. ~ ' 

' Our numeric~! a~alysis has shown that 1/mb corrections in (37F(39) give rather 
small -~ontribi!tions t~ the d~c~y form factor: :so in the -first crude approximation we can 
neglect them. This corresponds to the limit mb -> oo for .r1 ( a 2). Theu··the depe~dence 
on the Lorentz_ st;ucttire c:>f confining potenti~l is' lost and we· get a si,mple formula - . . ' >. .• \- '. . •; -::-: . F _,_ '. • , •,: .,: -~ ,•'.' ~ .,, • ., -.•: • • 

~ . ... . 

Ms-+ Mv [(w), 
F1(Q) = 2JMsMv 

',/ 

:with ~ -~-· ~i:Er We hav~ iiitroduc~d the function 

.,--~""- .. 

. · ·(/3 -.);,d :(- ._ r -)·1;:1.c.•: -.(· 12 -~ · 1) · 
l(w) ~: ;"11 .•: • ~ +1 -.- e~p -.-.?12: ~ 1 " 

(44) 

. ·:·;( 45) 

which in the Ii~it of infinitely heavy fin~ quark in V meson, coinsides with the Isgnrc 
Wjse function of <JUr model (21]: , - : . ' · . ,: · • : : . :, / ·. · - . _' , 

- ( 2 ')' 1/2 • '( .i\2 ..:.. 1) -
{(u)== ~+1 .. exp -fl~:+ 1 '; . . . , . M'f, + Mt - q

2 
.·: • , ( 46) 

w=v•v·= · 2MsMv·•. 
~-:--:· . -

· Thus if we take the,foirn~ limit ~f infinitely heavy·s~q~ark, as it' is d~rie in [15]; we get 
for B ~J{~1 form factor.-...'--· · · · · · 

" ·. · .. Ms+ifK. {(w)
1 F1(0) =:== 2JMsMK• • ·· - -

<: ,_ ''. ·.' • ".;_"~:- . ~ - ; . 

· for ffib ;-+ oo;· m, -..:.., o:::i,· "(47:) 

. -~ ... · ·. · M 2 +M2 . , --- · ' ·· ' ' · · '. .· ' 

.-with w = 2f;nM:: . .The ~elation(47) is, certainly, not adequate'. because ,,,quark i~
0

• 

- , not heavy; It overestimates the form factor·approxiinately_bJa factor ofl.5.. · 
' - - ' - : -- • ➔ ~ ' ., , • - ~.- - -

, -
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. · 'jhe approxi~ate formula ( 44)' give;-;he, values of form factors, which are slightly . 
higher than (41). However, the differe~ce does not exceed 10%. Thus we can·conclud_e ' 
that the q2-dependence of form factor Fi near il = 0 is determined by the function 
( 45). . . _ . . ', . , , . . -
. · We can use our res_ults for F1 to test the HQET_relations (30] between the form 

factors of rare radiative.and semileptonic decays of B mesons. Isgur and Wise (30] have 
~ shown thatin the'limit of infinitely heavyb-quark mass an·exactrelation ccmnects ~he 
· form factor·F1 with the semileptonic_decay form factors defined by: · · 

(V(p:, e)if,y~(l ~ ,s)bl~(PB)) == (~B + Mv)A1(l)e; 
~ ' ~ ' ) , , ' , -

' ( 2) .' -,· /, 2V q . ,. . •v P u 1. ( )· 

M M ZEµvpue PBPV ,+... , 48 
B+. V .. · - . · ' 

where the ellip~es denote terms propc;,rtional to {p B + pv); or q~. _ This relation is valid 
for q2 values sufficiently close to q;,~; = (MB_:_ Mv )2 and reads: 

-·. '< 

• • 2 2 2 2 ,, ' ; . 
·p(z)=q +MB-Mv V(q) MB+Mv,A( 2 ). 

1 q 2M M + M + 2M . -· 1 q B B V · B .. 
(49) 

It has been_argued in (31,32,14]; that in th~se proce~ses th~ soff contributions do~inate 
,, · over the hard perturbative ones, and thus the Isgur~ \\l'ise relation ( 49). could be extended_ 

to the ,~hole range of q2 • • _ . '· •. , ._ , . • . . .,.. . • , _ · _ 

, ·. . We can calculate the form factors of seniileptonic; B-decay in vectorlight .. meson at 
the q2 := 0 point usi;g the method develop~d here for rare radiative· decay form factor 
Fi(0). It is e~syto see tha_t the 1/mb correction's coming from the overlap of meson­
wave functions are also large. The similar exponential factor as in eq. (32)' arises, and 
we shall not expand it in the 1/~b- The 1/mb correctio~s _to' the preexponential factor 
are again rather small. So here we liniit .our analysis only to the le11:ding order of 1/mb' .,· 
expansion for this factor, In this approximation the semileptonic decay form 'factors are _, • 
independent of the L~rentz-properties of the co~fining qq-potential arid: ar~ given (33]-
by a' simple formulae· · · · · · · · · • ·'- · · ' · 

- v:(0) ~--MB+ Mv {(w), 
- • 2JMBMv -. , 

, (50) 

- :_•41(0)'='2~ 1
(1 +w){(w), ·· 

· · · MB+Mv_2 (51) 

where {( w) is defined by ( 45). In tb,eJiritit of infinitely heavy_b- andf~quarks the form 
factors (50) and (51) satisfy all the relations imposed by HQET [8]: The q2-dependence. 
of the form f,{ctors near q2 = 0 is determined for Vi by the function·{(w) ~nd for A1 by 
the product ½(1 + w ){( w ). . _ · ' -, · . · • . . · __ ·•-·· · ,_ · ; 1 , ~-

It is now:easy to check that forrri fadors (50), ·(51) and (32) satisfy Isgur-Wise 
relation ( 49) for the q2 values near zero. ::r'he complete analysis of 1/mb corrections to 

· the semileptonic B-decays into_ light mesons up to· the second order terms· will be given 
e~ewhere (33]. -. ·· · '. ' · -· : ' -·· . ___ · : :·-. .:. · 

,_J 
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7 .. Conclusions . ·. 

, . W~h~ve iiivestigated the rare radiatiye' decays of B me~ons. The larg~ value ( ~ mb/2f 
, of the recoil momentum of the final vector meson requires the completely relativistic 
treatment of these decays. On the other.hand, the presence of large recoil momentum 
in the energy of the final mesc;,n allows for the 1/mb expansion of weak_dec~y matrix 1 

. element.· ,The contributions to this expansioncome both. f~oin heavy b-quark mass anr 
large recoil morrientU:in _ of light vector meson. i - . _· . .. . , _ . ·. ·. - .. -· , _ .. - - _ 

Using the qhasipotential _approach i~ quaiituffi: fieM theory and the ,relativisti~ ,· .­
quark model, we have performed the 1/mb expansion of the rare radiative B-decay ·- . 
form factor:F1(0) up.to the second order. yve· have found th~t 1/.,;,,b corrections coming .. 
from the _overlapof meson wave functions are large. This agrees with .the results of the,~· 
hybrid sum rules (14],whei:e considerable 1/mb corrections.for the form factor F~(0)_ : 
have been also obtained, Thus we treat the A.2-dependence of·F1; arising,from the: 
o_verlap ofm~sonwave fun~tions, without expansion. :All other'l/mb corrections turn -
out to be small: They reduce _the value of the form factor F1 (0) approximately by 10%. 

_ We have calculated the form fadors for the decays B ~ K*/, B-+ py and B. -+ <Fr , 
-B. -:+ K*1 . The found values (41) are in good agreement with the predictions of 
, . ' ' . ·' ,- ' -. - B- 'K* . .. · " ' 
QCD_ sum rules (13,14]. Combining our _result for F1 -+ -/'(0) .;= 0.32 ± 0.03 _with 
the QCD0improved theoretical prediction for inclush:e branching ratio (5), ~e obtain · 
BR(B ->K*,)'= (4:5±L5) xrn-5; which is in accord with the experimental branching. 
ratio BR(B ::..+ K*1 ) == (4.5±1.5±0.9) x 10:-:.5 12]. . , ---

We have also evalu~ted[33].'the form;factoi:s of Bni~son semileptilnic decays into 
light vector mesons at_ the point of maximal 'recoil. It has been found that the relations 

. _ .between rare and semileptonic decay form factors [30],.obtainedin'thelimit of.infinitely 
·. · heavy b-quark, are satisfied in our m~del. , . , .-· . . . :· , . - , .' .· -' . ·• 

·, . . .- . , -, , ... ./ ' ~ 
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Table 1 Compariso~ ·of our predictions f~r the ;~r~ radiative decay form factor F1(0) 
with light-cone QCD sum rule (13] and hybrid sum rule [14] results: 

- ~ • ' < • • • ' 

.-

' 

· Decay 
B-4 K*, 

IB-n 
I B/-,~<P'Y 
' -Bs·-J<*, 

B 

our results 
0.32 ±0.03 
0.2?± 0.03. 
0.27 ± 0.03 
0.23 ± 0.62 

[13r .-L- [14J 
-- ---

0.32 ± 0.05 ,- 0.308 ± 0.013 ± 0.036 ± 0.006 
0.24 ± o.o4 'I 0.21 ±o.oli-± 0.032 I 
0.29 ± o.o5 I .1 
0.20 ± 0.04 . . \. ,,,.~--~-

I _,,,-·, 

-:. 

1' 1_. _-' . . .. 

b-·••· 'j 

_- V 
if 

-~""" ..... 
I 

· _IFig. i L~west order vertexfondion 

' 

i' 1' . - ,:'· '' .. - . 
~ ·< ·; \: ' ; . '. - ,'' 

. . ·- - . -.• 'b - -~,: , , -.b<.. > ! J! .·. I 

I 

I -- ._, - ._ I B - ' - ~1•-·- __ · VB - - ,.· 
. I - . -- 1· 

V 
1- - - -1 

if . - if ' ij' if -_ 

-:. 

- , \_ '.-· •' . -' ,, '" --- . :· . . .' ·, - . , .. · 
Fig. 2 Vertex function _with the account 6£ the quark interaction, Dashed line corre-
sponds to the effective potential (14). Bold line denotes the· negative-energy part of 
quark propagator'. . - - - . . -
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