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“Relativistic Description %5 o S Ll )
‘of the Excluslve Rare Radranve Decays ofBMesons g SR ’l T

. The excluswe rare radlanve B- decay are studred in the framework of the relanvxsnc quark model
“based on the quasxpotennal 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. -

ThlS consrderably sxmphfres the analysxs of these decays The 1/1 m, expansron is carned out up 10 the

‘second order “The form factor of B -+ K'y decay is found to be FB ~K "(0) 0 32+ 0. 03 and it Ieads

\ to BR(B - K'y) (4 5% 1 5) x 10’5. whrch is in agreement wnh the’ recent CLEO data; The form.
kfactors of the decays B->py, B> ¢y and B, > K' y are also consndered The relanon between rare:
radranve and semxleptomc B decays 1mo hght vec1or mesons is dlscussed ’ g
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v ~,Rare rad1at1ve decays of B -mesons represent an unporta.nt tcst of the sta.ndard model
“of electroweak mteractlons “These transitions are: induced’ by ﬂavour cha.ngmg neutral
currents and thus they are sensitive probes of new physms (see e.g. [1]). Such decays are
governed by one-loop (pengum) d1agrams with the main contnbutmn from v1rtua.1 top
- quark and ;W boson.” Therefore, they provxde valuable information about the’ Cabxbbo— '
;F'Kobayashl Maskawa (CKM) matrix elements Vid, Vi and Vi3, and about the top quark
*mass. ‘The first _exclusive decay. B =+ K*y has been observed by CLEO {2]. :The.-
& ‘measured branching ratio is BR(B. - K*’y) = (4.5+1.5+0.9)> %1073, Also the inclusive™
decay rate B S X, ebtamed from the measurement of- the photon energy. spectrum,
has been reported by CLEO: BR(B —X,7)=(2.32+0.51 + 0.32+0.20) x 1074 [3].>
e Theoret1cal a.nalys1s of rare radiative’ decays is based on the effective Ham11ton1an,
which'is obtaxned by 1ntegrat1ng out the. heavy pa.rt1c1es ‘The renormalization of the -
effective Hamiltonian coeffcients has been calculated to 1ead1ng order [4,5]: It turns out -
‘that renorma.hza.tlon effects play an 1mporta.nt role.” “They increase the decay amphtude :
approx1mately by a factor .of two,[4]." Some’ ‘of the next-to-leading order corrections :
are also known [6, 7). "The hadronlc matrix elements of the effective: Hamiltonian’ for -
inclusive rare radiative decays have been ca.lcula.ted in the framework of the heavy quark
*effective. theory (HQET) [8]. It has been shown that the leading term in 1 /ms expansion

. ~corresponds to the parton model prediction and-the nonperturbatlve corrections. are -
suppressed by1 /mi factor 9, 10]. - For the calculation of the exclusive decay rates it is o
3 necessary to know the relevant hadromc form factors In the case of B'— K ™ decay =
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only one hadronlc form factor F 1(0) contrlbutes It has been calculated in the framework -

- of nonrelativistic quark model [11} and QCD sum rules [12-14). In [15] the heavy quark -
~~ mass limit has been applied to exclusive B — K*y decay. Howeser, the s-quark in the

_final K* meson is not heavy Its mass is-of order of A parameter, which determines the -
o sca.le of 1/r 'mq corrections i in HQET [8]. Thus very substantial corrections to this limit: @~
" come from the whole series in 1/m,. Nevertheless, the ideas of heavy quark expansion -
¢an be apphed to the excluswe B 5 K*v decay.’ From kinematical, analysis it follows ‘A L

~ that the final K* meson bears large relativistic recoil momentum |A| of order of my/2

" _and the energy of the same order. So 1t ‘is poss1ble to expand the matrix element. of
- the effectwe Harmltoman both in-inverse ‘powers -of b-quark mass from the 1n1t1a1 B
- meson and in inverse powers “of the récoil’ momentum |A| of the final K* meson. As" -

: & result the expansxon in powers of 1/mj “arises.: The aim of this paper is to realize
“'such’ expansion in the framework of the relath1st1c quark model ~We show that this
‘ ‘,,[expansxon cons1derably s1mp11ﬁes the analysis ‘of excluswe rare radiative decays of B -
- mesons and reduce the model dependence of the: result The leadlng, first and second

“order terms of .the 1/my e*cpans1on ‘are’ calculated Itis necessary to.note, that . rare.

radiative decays of B mesons require the completely relat1v1st1c treatment because the v
"+ recoil momentum of final. vector meson is highly relativistic. S

2. TOur-relativistic quark model is based on’the qua51potent1al approach in quantum
' "‘ﬁeld theory, with the specific choice.of the ¢ potentlal It provides a consistent scheme’

_“for calculation of all relat1V1st1c corrections at a’ glven “order of v? /c% and allows. for
. ,f‘the heavy. quark 1/mqg expansion. This model has been’ apphed for the calculations of e

- meson mass spectra [16], radiative decay. widths [17], pseudoscalar decay constants [18],

T semlleptonlc [19] and nonleptonic [20] decay rates. The heavy quark 1/mgq expans1on in®”

" our model for the heavy—to—heavy semileptonic transitions has been developed in'[21] up:

toil/ m? order: The results are in agreement: with the model independent predictions of N R
8

‘HQET .. The rare decay B — K *v has been cons1dered in our model in [22]. Here we .
"refine our previous analysis with more complete account of relativistic effects'and using -

1 my expansmn -We also consider some other excluswe rad1at1ve decays mcludmg the s
S ,.dGCay By — ¢’y and the’ CKM-suppressed decays B— o and ‘B, - K"

The ‘paper is orgamzed as follows ~In Sec.:2 we brleﬂy rev1ew the theoretlcal

= _predlctlons for ‘the:inclusive’ rare radiative B- decays and' deﬁne the: form’ factor Fl, i

which governs the excluswe decays: The relativistic quark model i is descrlbed in-Sec. 3,
and in Sec. 4 1t is applled for the calculation of the rare radlatlve decay form’ factor Fl

- Thé 1 /my expansion for this form. factor is carrled out in Sec.’5. Our numerlcal results

oo for the form factors of the decays B~ K*y', B’ 5 ¢7 ‘B = pyand'B, > K*'y are -

o presented in Sec. 6. We also dlscuss the relations between rare rad1at1ve and sermleptonlc

E B decays 1nto llght vector mesons Sec 7 contalns our conclus1ons

L oo
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- 2 Inclusnve and excluswe rare radlatlve B- decays f', e

. ‘In the standard model B decays are descrlbed by the eﬁ'ectlve Harmltonlan, obtalned S

O by 1ntegrat1ng out the top quark and w boson and us1ng the Wllson expans1on [4] For k
L the case ofb—» S trans1tlon LA : o ) :

T '.Z,,"‘ ) e L
¢ ;,'“ S i . ” . et

e SR 4G, :
eff(b—'s) fm,waC(u)o (u),

= : where Vz ; are the correspondmg CKM matrlx elements {O,} are a complete set of ; renor— -

They consist of six four-quark operators O; - U= 1, 6), whlch determlne the non- v' .
lepton1c B decay rates the electromagnetlc d1pole operator 07 P

e _‘of, sa" (mbPR+maPL)bFW, PRL—(l :|:’75)/2 :

ie
1672

: perturbatlvely at-the W-scale and then they are evolved down to the renorma.hzatxon i
ERVE : scale p ~ my by the renormalization group equations. The coefficient 'of the magnetmf

‘order corrections to_the: anomalous dimension matrix are ‘also partially known [6]:

ments of 1ncluswe decays of hadrons contamlng a heavy quark Q allow for a systematlcj

¢ the parton model rate and the nonperturbatwe correctlons appear only at’the second :
order of 1 /mQ expans1on [9] Therefore the decay rate for: B - X 'y is; [10] :

- :‘"}sGé“;'Tblml [c;(;nb>|2(1+ 2)[( -%)

(1 a %—ﬂ?+0(1/ b))

, wlth p =’ 3%‘:{—3—"%" The parameter )\1 is related to the kmetlc energy of the b—quark )
1ns1de B 'meson and Az is related to the B ='B* 'mass sphttmg [8]."This rate i is strongly g
s % “‘more convmlent to connect I‘(B — X,'y) \mth the experlmentally observed semlleptonxc i
o decay ratel oL . s S
“+The" branclung ratlo BR(B — 'X,'y) can: be expressed in terms of the 1nclus1ve ol
: semlleptomc branchlng ratlo BR(B - XZug) as [7):: i o S

’ : 5 - _| th|2 IC7(mb)|2K(mb) _) u S
- éR(é Xﬂ) 6 lVbl2 g(mc/mb)(l—'—‘f(mc/mb))BR(Bk XZ l)’_ﬁf( )

" malized d1mens1on six ‘operators mvolvmg light ﬁelds Wthh govern b—'s transltlons s

and the chromomagnetlc dlpole operator Og, wh1ch are respons1ble for the rare . B- decays i
“B'= X,y and-b'— s+ g, respectively [4]. The Wilson’ coefﬁclents C; (u) are evaluated =

. voperator, C, has been calculated to leading loganthnuc order [4,5]" The next- 'to- leadxngﬁ

+ The domlnant contrlbutlon to the inclusive decay width I'(B — X,7) comes fromf
the magnetlc moment term C’7(u)07 (u): Thus it is n{:cessary to calculate the hadronxc‘ o
Mmatrix’ “element’of thls operator Recently it: has been: observed .that the matrix’ ele- v

5 expansmn in powers of 1/mgq [9]. The: leadlng order term of th1s expans1on reproduces :

NS i dependent on-the value of- b—quark mass'niy, which ‘depends on. the definition.” So'it'is.



where g(r) is the phase-space factor for I‘(b = cél/z) g(r) = 1 82 +8r ~r —247'4 1n(r),
‘and experlmenta.l value BR(B - — X&q) ~:10.5% is.used for the semlleptomc branchlng
fraction. The functron f(r) accounts for QCD correctrons to the semileptonic decay, [23]

- . and, for a typical quark mass'ratio of = 0. 35+0. 05, it ‘has the value f(r) = 2.37F0.13.
T The factor K(m) contains O(e) corrections to the B — X,'y rate, due to the QCD
s bremsstra.hlung processes [7): The resultrng bra.nchlng ratlo is [7 24] :

BR(B—»X,y)-(BO:!:lQ) X 10—4 I

for msin the range 100 < mt < 200 GeV s R : ey
: +'This result agrees w1th a recent data on the 1nclusrve decay rate by CLEO collab- TR
o ( oratron [3] s
L ©).

S ’BR(B—>X,7) —(232:!:051:!:032:1:020) X 10*4
In what follows we “shall- dlscuss the exclusrve rare radratlve decays of B mesons,";':"v' '
: llke B., 4= K Y, Bs = ¢'y and the CKM- suppressed chanels B,, 4 p'y,/B SKY o o
"We denote all these modes by. ‘B - V.. -where B'is"By.4 ot B meson” and V is =
s K *..$ or. p. \The. main contrlbutron to the exclusrve B V'y decay amplltude comies . .
- from the magnetic moment operator Or. The relevant matrlx element has the covarrantf" :
decomposrt:on (11 SN e : SR

Vv, ) Fiod P

- iél‘”“;’:;;b?BPzFl(q ) e :
[ u(MB’“AlV) (e ‘1)(PB +pv)p]G2(q ) (7)

. ‘where’ Gg(O) Fl(O)/Q ‘eisa polarrzatlon vector of ﬁnal vector "meson, 7=ps— pv‘ i
denotes the four momenta. of the emrtted photon : The exclusive decay rate i xs gwen by

M?(-)3

I‘(B —»*K*’y) lV Vbl—lFx(O)l |C7(mb)l2(mb _*_‘mg)'(M?

324

T

: and the analogous expressrons can be written for I‘(B — ¢7), I‘(B —»tp"y) and I‘(B —f
K"'y) Then the exclusrve branchrng ratro'BR(B - K*'y) 157 ik S

R BR(B - Xs-,) o

BR(B 5 Kw)

where the ratio of the exclusrve to rnclusxve radratrve decay Tates is determmed by (3),"
(8) to be"' SE, T o :

(1= Mf( /MB) M
o

The factor K(mb) ~ 0. 83 [7], the parameters /\1
',\2 =0.1240.01'GeV? [l
.- We shall calculate the form factor F1 (0) wrth the account of 1 /mb correctlons‘
up to the’ second order in. the framework of the relatrvrstlc quark model based:on the
quas1potent1al method i : B

D(B - K*y) _
1“(B - Xs’r) ‘

1RO
2/m,,) om K(m,,)(1+ —-y—"l*gp*z)

——0 30 :l: 0 30 GeV2

s, 25] andt, 5

3 Relatwrstlc quark model

i In the quasrpotentlal approach meson is- descrlbed by the wave functron of the bound e
" quark- antrquark state, which satrsﬁes the quasxpotentral equatron [26] of the Schrodxnger s
62 M . l:"z r s ’ .‘ L ,
( ) q, M)\I’M(q); e

i type [27): ,‘
L ( 2R 2;13 M( )_/(2 )3 V(p’,

s where the relat1v1st1c reduced mass 1s

(11);; i

‘ f~M_,~(m —m,,)2
o AME

LoNE
ST

(ma + mb)zlle ~ (ma = mb)2l
S 4M2 SR k .
: ',ﬁ',ma b are. the quark masses M is the meson. mass, p is the relatlve momentum of FASN
. -quarks.. While- constructing the kcrnel of this equatlon V(p q;M)-= “the quasrpotentlal Ll
“of quark antrquark interaction *— we have assumed that effective mteractmn is the sum -+
"of the; .one-gluon exchange term witly’ the mixture of long-range vector and scalar lmear,i Sl
- conﬁnlng potentials. ~ We have also ‘assumed that at ‘large :distances quarks acquxre:' ‘
- universal. nonperturbatlve anomalous chromomagnetrc moments and’ thus the vector""f
: ‘long-range potentral contams the Paulr mteractron The quasrpotentlal is: deﬁned by- ‘

5 ol

canf(k)r“rbd‘ +

fﬁV(P q’M ) -“a(P)Ub( P){ astu(k)va i+ Vo ;(k)} q)ub ) e
s Sy
~where as is the QCD couplmg constant D,‘,, is: the gluon propagator 7,‘ and u(p) are . E
' f‘the Dlrac matrlxes and spmors k p - q;'the effectrve long—range vector,vertex is -

(15) s

'f(k)

: fc is anomalous chromomagnetrc quark moment Vector and scalar conﬁnmg potentlals
o the nonrelat1v1st1c hmrt reduce to: p 4 : -

: (16)‘:',;,f7‘i :

con;(r) o E(AT + B)’\

conf(r) = (1 = E)(AT‘ + B)
conf VV v

T reproducmg nam_e,(r) conl—f— o f = Ar+B wherc € is the 1n1x1ng coefﬁcrent The o
- explicit expressron for the quasrpotentra.l with the account of the relat1v1st1c corrections ™.

"+ of order v?/¢? can'be found in ref. (16].- All the parameters of our model: quark 1nasses,’ 77
: ‘parameters of linear- conﬁmng ‘potential A and B, mixing coefﬁcrent € and anornalous e
Y chromomagnetrc quark moment x were fixed from thc analysls of meson masses [16] and - YL
= radratrve ‘decays [17]: Quark masses: ‘ms = 4:88 GeV mc =1.55 GeV; m,.=0.50 GeVy -
g Lf’;'mu 4-='0.33 GeV .and parameters ‘of-linear potentral A= 0: 18 GeV?; Bﬁ_ 0.30 ‘GeV.. 4
L have standard values for quark models The value of mrxmg COefﬁcrent of ve(‘tor and oo




’ scalar conﬁnlng potentrals €= —0 9, has been prlmarlly chosen from the con51deratlon of
meson radiative decays, which'are very sensitive to the Lorentz- structure of the conﬁnlng
potentlal the resulting leadmg relativistic corrections coming from vector ‘and scalar” .
potentials have opposite signs for the rad1at1ve MI -'decays [17]. Unlversal anomalous - -
: ,chromomagnetlc moment of quark k=—1 has been fixed from the analysis of the ﬁne B

- splitting of heavy quarkoma 3Pj- states [16]. e : o Lot ! :

Recently we have considered the expans1on of the matrlx elements of weak heavy
L quark currents . between _pseudoscalar and vector meson states up to the second order e
~ . “in inverse powers of the heavy quark masses [21]. It has been found that the general
.~ ~structure of leadmg, subleading and second order 1/ mq corrections in our relativistic -
©““model is in accord with the predlctlons of HQET. The heavy quark symimetry and QCD
~ impose rigid constraints on'the parameters of the long-range potential of our model.

P ‘The analy51s of the first order corrections {21] allowed to fix the value of effective’ long-— i )q e

.. range anomalous chromomagnetrc moment of quarks K -’,—1 ‘which coincides with the =
“ . result, obtalned from the mass spectra [16]. The m1x1ng paramieter of vector and scalar
o conﬁnlng potentlals has been found from the comparison of the second order corrections .
~"'to'be €= —1. This value is very, “close to*the previous- ‘one € = —0.9 determined from
S 'radlatlve decays of mesons [17]. Therefore, we have got QCD and heavy quark symmetry
*“motivation for the choice of the main parameters of our model.: The found values of’e’~ L
7 and 'k imply that conﬁnmg quark antiquark potentlal has predom1nantly Lorentz vector - L
" structure; while the scalar potentlal is’ ant1conﬁn1ng and helps to rcproduce the 1n1t1al
: ',fnonrelatlv1st1c potentla I T

; ‘/’; .“4 Calculatlon of the rare radlatlve decay form factor R
The® amplltude ‘of the excluswe B— V'y decay is proportlonal to the hadronxc matrix )
i element’ (7) of the magnetlc moment operator 07 Thus it'is necessary to calculate the :
,transrtlon form factor F1(0) e : SR e

) tentlal_ method has the form [28]:'?' e

d d ‘

; (; )Gq_qfv(p)rﬂ(p, )‘I/B(q)
: where I’,‘(p, q) is the two part1cle vertex functlon and: \Ilv B are the meson wave func-
B 1ons pro_]ected onto the posxtlve energy states of quarks R Sl

“In the case of rare radiative decays J, = fw,,,,k PRb and in or der to calculate 1ts

"matrlx element between meson states it is necessary to. cons1der the contrlbutlons to I‘

from Flgs 1 and 2. Thus the vertex functlons look like - ‘

,(‘VIJ (0)|B>‘ -

)( ki)

zGl;w(l + N )m

i
B
|

Q2)

(k') + Ef(q ),

. Where ky = pr— A, ' k] B +A A pB pv, :

K >‘46<P> o

FEeg B L |

ot S Timen 2,

Note that the contr1but10n I‘(2) is the consequence of the prOJeCthl’l onto the p051t1ve-

'mwu+7l)}u»<ql>uq<qz>, | (19)

: s(p)—(m +p2)1/2

energy states. The form of the relativistic correctlons resulting from the vertex functlon

I‘(Z) is exp11c1tly dependent on theé Lofentz-structure of q7- 1nteract10n LT

MB/2) The

the rec01l momentum A of vector meson V is highly relativistic ([A[

functlon at’ rest by the transformatlon [28]

”’"(RLnD‘/Z(RLA)wm(p), i

‘I’VA(P)

u where Dl/ 2(R) is the well known rotatlon matrlx and RW is the ngner rotatlon. g

SRR The’ meson wave functlons in the rest frame have been calculated by numerlcal
" solution’ of the: quas1potent1al equatlon (11) [29] However7 it is'more convenient to use®
- analytical express1ons for meson wave functions. The examiration of numerical results

j*shown that they ca.n be well approx1mated by the Gauss1an functlons

- () ><

.,‘2 :

w1th the dev1at10n less than 5%
: The parameters are

} Substltutmg the vertex functlons (18), (19), w1th the account of wave functlon
: “transformation’ of vector meson (20), 1n the matrlx element (17) we' get for the form
' factor Fl the follow1ng expresswn j SPERLIE A v :

(’:‘zbol)‘ " 7‘

~ It is convenient to consider" the decay B — V7 in the B meson rest frame Then ‘

-wave functlon of the meson mov1ng with the momentum A 1s connected w1th the wave :

.- for the ground. state wave functlons of mesons containing at least one llght quark has




DO A N \ T T IR e where the superscrlpts “(1)” and “(2)” correspond to Flgs 1 and 2 S and V— to the

o F(l)(()) \/_ITV' Il + 2, ) Ef(p+ A)—i—m; ep(p)+mp - e '?‘} L scalar and vector potentrals of qq mteract10n e R Tt

E (27r)3 VP i BN @ - e

= L p,+(pA) : 1 S IAI.__.B_...__ gy =M My oo

X 1+ + E _— : g = R
= { (ef(p+ A>+mf)(eb(p>+mb> ( " V)[ (p+A)+mf 2Ms;: \ i Me

i g += TN TR

A2 ~(ef(P+A)+mf Eb(P) +m13):., S B v

o 4Mv E(p)+mq Eb(p)+mb €f(P+ A)+m; ERI

g enEm DT

' and z-axis is chosen in the dxrectron of A The contr)butrons to the form factor commg
“from Fig. 2 are proportlona.l to the brndxng energy ofB or'V: 1nesons Takxng into account . C ',‘
~ that’in our model m +.ma o~ M,,, my + m; ~ MB,,»ms 4 ma-= M+ oM, M¢,,

L 2mg _‘M and |A [~ 4m2/4 > (p?%).wé have neglected the terms ‘proportional’ to the .

‘ product of bmdlng energles and ratlos pz/sf(A), 2/eb(A) The omltted terms are of

Ay

wo order L/mj. A <
i+ The expressrons (23) (26) for the form factor F (0) dxffer from our prevrous results e
[22] iri the argument of the wave functron of final vector meson V. In [22] we have used for 2

i srmphcxty the nonrelatxvxstxc limit p- VLA for this argument, takxng into account the
BALL approx1mat10n of the wave functlons by éaussxans However, our recent: analysis ‘of the :

\1/mg corrections to the semxleptonrc decays (21] has shown that such approxrmatlon ‘

4;‘ _ T 4 i
(€f(P)+mf)(Eb(P)+mb))]}_ é(p)’

e 1s not completely adequate It is necessary to take relatlvrstrc expressxon p + W-FqMVA S
. in the argument of the wave functlon what is- done in eqs (23) (26) : 5

e XM{st(A)(e;‘f(A)‘l'mf)

N (Mo — i aEg T Ay ;___ 7
| X Oy~ 5 0 a)- eq(p+E i A)) -
= (MB+ My = Eb(p)—eq(p)-6f(P+ sy A) sq(p+ EV+MVA)
T 2mb(6b(A) + m") ‘ on. QCD and lreavy quark expansron Addxtronal heavy quark symmetrxes (for a rés

- view'see e./g.. [8]) arise in the limit of 1nﬁn1tely heavy quark mass. "HQET. provxdes
Sl systematlc expansjon in 1nverse powers of the heavy quark, mass of hadronic-matrix “ .
e _elements between mesons w1th onc heavy and one lrght quarks. In the case of exclusive L
. heavy-to heavy transrtlons heavy quark:’ symmetrxes consrderably reduce the number of
i mdependent form factors in each order of 1/ mg’ expansion: This snnphﬁes the theo-
L\ retical analysrs of such’ decays In exclusrve heavy—to light: meson ' transitions (such as™
_the B'=5:Vvy. decays) the predrctxve power ‘of HQETis essentraly Tess. Only the 1el'1-

‘tions betwéen various forin- factors of the selnlleptonlc ‘and rare B- decays are. nuposed‘*‘.“” -
“©.7inthe limit of infinitely heavy b- quark mass”[30}." Howcver, as it_has been already: .
v mentroned in the 1ntr0duct10n, the large value of- the recoil 1110me11tum of final vector

7 'meson |A|.~ mb/2 allows the expansion in powers of- l/mb fm,\the radiativé rare decay

{2€f(A)(Ef(A) + "lf)

(pA)

Bl X (MV\-— Ef(p+ il A ) (p+ -—————A)) + (MB EV) S form ‘factor Fl(O) . This expansxon leads to conslderable simplification of the formulae S
E + M o Ey'+ My ; e " for Fy(0).*It has been already partly used by us'in derivation of (23) (26): Thé: largc

g (Mv - Ef(p+ Ev+Mv A) q(p+ E—ff‘WA) MB e Eb(P) = Eq(p) A B ‘value of recoil momentum |AJ allowed us to neglect Zin compz;r]son w:/th A%in- the L

2mb(5b(A) + mb)_ 25f(A)(5f(A) + m;) P R quark energy Ef(p+ A) in final meson in the expressrons for® F Zand Fy @ . Thus we . ;

1 + o S . ‘ . were able to perform one of .the lntegratrons in-the‘current matrxx elemeut (11) using

2(Eq(p) T mq) (E,,(A) + ety & (A))(MB MV ; quasrpotentral equatron as in the case of the heavy fmal meson (17,19 28] SAs a'‘result, v

.. we get more compact. forrnulae ‘In this section for, thc sake of cons;stcncy W( (mly out‘
= the complete expansron of (23) (26) in inverse powers of. b—qu'uk mass. Lk o

'E%TA) * eq(P* JE 2+M A») }WP%

;+ 5f(P+



e Sl o RIS . =

In HQET the mass of B meson has the followmg expansxon in 1 / m;, [8] S

I o ::__it.; MB = mb +A+ AmB + O (m ) ’/ (28)
ST ) b o 'm"/_

ovof infinitely heavy. qua.rk mass.
S quark energy inside the heavy meson A =
ﬁrst order power correctlons to the HQET Lagranglan and has the form {8]

In our model A:is equal to the: mean~value of light”

”“ The parameter /\1 results frorn the mass Shlft due to the k1net1c operator, whlle ,\2

i pararneter /\2 is related o the vector pseudoscalar mass spllttmg

The parameter )\1 is: not dlrectly connected w1th observable quantltles
predlctlons for it vary ina wide range A= —0.30 :l: 0. 30 GeV?[8,25]."
" Inthe limit m¢ = oo, meson wave funictions becorne 1ndependent of the ﬁavour

expanslon [21] o

where the second term breaks the ﬂavour symmetry and 1n our, model is equa.l to Aﬂ2 o

0 045 Gev'-’ [21]

ow we use: the Gausslan approxrmatron for the wave functxons (21) Then shxft~ L

mg the integration’ varlable pin (23)~(26) by : ﬂ’ﬁ—A -we  can- factor’ out the
dependence of the meson wave functlon overlap in forrn factor F 14

g wrxtten in’ the forrn

RETLE («M;, ~ My
o (BE+BY) \Mp+ M

‘ where parameter A is the dlfference between the meson and quark masses in the hmlt N

- (e4)B ~ 0.54:GeV: [21] AmB arises from the
(29)

'parameterlzes the chromomagnetlc interaction [8]. The value of spin- symmetry breaklng '

Theoretlcal B

of heavy quark.” Thus the Gaussxa.n parameter ﬂB in (21) should have the follow1ng

<The result an ‘be

here A is equal to the rnean value of llght quark energy between heavy a.nd llght meson L
i states T R R A B S
: P : ;:» ] : ‘ v_ o '.‘ A =—-—(Ei’)';‘"' o (34)
Expandmg (33) in powers of 1/mb we get i . N . -
: “A2 M ST
<A gﬂ( V) +0( ) T (35){”": :
’ . ' MOCAONS

N5

. the case of the lightest ﬁnal meson p 4——5
that the first order correction in"1/mj expansion of F 1(0), arlslng from the meson wave

g the exponentlal of the form factor F1(0) in (32).": -

; well defined 1 / mp expans1on ‘First and second order correctlons are small: Substltutlng ;

"the value of anomalous chromomagnetrc quark‘moment & ==1, ‘and usmg (32) and thef ;
: _Yexpa.ns1ons (28) (31), we get up to the second order in 1 /mb expanswn o

.7-'(1)(A ) + airf(”(N) + (1 = e)fv(2)(A2)

A (Az)

e where r] _.33%,- We see that the ﬁrst term 1n thls expansmn is large Rea.lly, evenin CR

7 ~ 0. 63. The value of th1s correctlon to the
" form factor § 3 (0) is also 1ncreased by the exponentlatlng in (32) “Therefore, 1 we conclude Gt

function overlap, is large Thus, in the following, we use unexpanded express1on (33) in- .~
In contrast to the .meson: wave function overlap the fadtor fl(A2) in (32) has a";

 the Gaussian wave functions (21) in the expressmns for the form factor (23)=(26), with: B




The calculated value of form factor FB_'K T in (41) ylelds for the ratro (10) of e
V(2)(Az) = excluswe to lnclusrve radiative decay w1dths RS o

(1 _p_(amf 1R+ An)) (Mv 3 <eq> _ <ef>)

A

F(B ~ I& ’y)
F(B X )

( vl My = (e) =)+ 28 <e;>) / : R(BHK‘) <15i3>%

, )l ><f ) >>> i

vvhere N (gf—"i‘{—) /2 =(L’ln)3/2 is due to the normahzatlon of Gaussran wave N P T R - :
Ba+By CTHNBeY ) s
functxons in (1) & =\/P* + m? + K2p2 (z = f’ q), i e.. the energles of llght quarks‘_: R B L Thrs branchmg ratro agrees well w1th experlmental measurement by CLEO [ ]
i “; ~in ﬁnal vector.meson acqu1re addltlonal contrlbutlon from the rec01l momentum ‘The S R : ' T
: averagmg 'is taken over the Gaussxan wave functlons of B and V mesons 50 1t can’ be' o
carr1ed out analytlcally For example, : o o - : ‘

M
A

1
6

R”‘(B—»K"fy)—(45:h15)x10“5 i

: BR"P(B—+I ~,) (45j:15:h09)x 10‘5 i

) “: AT Our numerlcal analysls has shown that l/mg> correctrons in (37) (39) grve rather i
Tl AR B small ‘contributions to the decay’ form factor Soin the first. crude. approxrmatlon we can o
G T neglect them, This corresponds to the limit my — oo for .7"1(A2) ‘Theri'the dependence

-on tl‘e Lorentz. structure of conﬁmng potentral 1s lost and: we get a s1mple formula

¥

where m = m +A2,72 and Kl(z) is the modlﬁed Bessel functlon, 2= XW Analogous’ - .
express1ons can be obtained for.the other matrix elements in (37) (39) :

: *Our final result for the rare radiative decay B —'Vy form factor. F1(0) s glven up : /
.'] L to the second order of l/mb expansmn by eqs. (32) (33) and (36) (39)

i _ 'w1th w = _L‘lzlw-i-:;y We have lntroduced the functlon

6 Results and dlscussmn

Usmg the pararneters (22) of the wave functlons (21) in the express1ons for the form"'; R
_ factor F1(0) (32), (33) and (36)-(39) we get (for, the valués of the ariomalous chromomag- G
*.netic quark moment :k = el and the m1x1ng pararneter of vector and scalar conﬁnmg e
potentlals €= -g ——1 [21]) : v : ' :

. ; i'”

;:-‘ Whlch in the limit; of mﬁnltely heavy ﬁnal quark in V meson coms1des W1t11 the Isguro
. Wlse functlon of our. model [21] oE i k

R ‘ FB~K 7(0)——032:{:003\ FB~PV(0)—026i003 exp( 22¢+1
ER FB "”5"’(0) =0, 27 +003 FB'”‘K 7(0), :

: Thus lf we take the formal llmlt of mﬂmtely hea./y s quark as’ 1t 1s done in [15] we get
} "for B =5 K*'y form factor e e : :

The theoretlcal uncertalnty in (41) results mostly from the approxlmatlon of the wave’ PR .
- functions by Gaussians (21) and does not exceed 10% of form factor values. _The COIltI‘l—_‘ e
" butions of higher order terms in 1/mj expansion in (36)(39) are negligibly small. Thus> "+ -
- the unexpanded (23)- (26) and expanded (41) values of form factors dlffer unessentlally DR
Thls conclusion is confirmed by numerical analys1s P el :
N ‘Our results (41) for the form factor ~values are in’ good agreement with récent cal— EE e

i culatlons w1th1n the light-cone QCD sum rule [13] and hybrid sum rule [14] approaches N
b The companson of predlctlons is: glven in Table 1 All results aﬂree wrthm errors. '

Swith w = WT' The relatron (47) is; certamly, not adequate bccausc s quark is.
- not heavy It overestlmates the form factor approxmlately by a factor of 1

N




’ hlgher than (41). However, the difference does not exceed 10%. Thus we can conclude
~that the ¢*- dependence of form factor Fl near q = 0 is determmed by the functxon"
S (45) 5 - .

s factors of rare radiative’ and semlleptonrc decays of B mesons.. Isgur and Wise [30] have
shown that in the limit of 1nﬁn1tely heavy b-quark mass an‘exact relatlon connects thev'

) form factor Fy with the semlleptonlc decay form factors deﬁned by

<V(pv, e)lfw(l - 75)st(pB» = (M + M)Ai(e)e - ‘«‘-a f b

v~" : N P ———(q—)-lfuvpoe poll’/-,l-

MB-l-M

. where the elllpses denote terms proportlonal to’ (PB +pv),‘ or q,l Thls relatlon is’ valld S

(MB = Mv)2 and reads
V(qz) MB £ My, 2
MB+Mv.-lT*HM A( )

for q values: sufﬁc1ently close to qm“

q +M2 '
2Mp

F( 2) = (49)

It has been argued in [31 32 14] ‘that in thése’ processes the soft contrlbutlons dom1nate, : b
. iTover the hard perturbatlvc ones; and thus the lsgur-Wlse relatlon (49) could be extended_ E

T ..to the whole range of ¢2.

',. We can calculate the form factors of semlleptonlc B decay in vector llght meson at SR
L the ¢%= =0 p01nt us1ng the method developed here for rare radlatlve decay form.factor.. . fj -

- Fl (0) It is easy to 'see that the 1 / my correctlons comlng from the overlap of mesont*,' T
.. wave. functrons are also large. The 51mllar exponentlal factor as in eq.. 32) arises; and S

S shall not expand it in the 1/ my. The 1/my corrections t° the Preexponentlal factor SRS

“are again rather small. So here we llm1t our analysrs only. to the leading order of 1/n mb:‘

o :expanslon for. this factor. In this approx1matlon the semlleptonlc decay form factors are n it
1ndependent of the Lorentz propertles of the conﬁnlng qq potentlal and are glven [33]5 el

‘ t"‘ﬁby a srmple formulae i

- “V(O) Af/‘iM_Vf( ).-
_\Al(()? ?M” T ;(1+ )E(w),

where f(w) is deﬁned by (40) In the llmrt of 1nﬁn1tely heavy b— and f~quarks the form‘ ‘

: ‘factors (50) and (51) satlsfy all-the relatlons 1mposed by HQET [8]: The q2 dependence"} - ;
fof the form factors near g% = 0 1s determlned for Vl by the functlon f(w) and for Al by LN

the product (1 + w)f(w)

. Tt 'is'now’easy - to check that form factors (50), (51) and (32) satxsfy Isgur-Wlseff s

- relatlon (49) for the ¢? values néar zero. The complete analysis of 1/m, corrections to

" the semlleptonlc B decays 1nto llght mesons up to the second order terms w1ll be glven S

elsewhere [33]

T B T S - : .

The apprO\umate formula (44) glves the values of form factors whlch are’ sllghtly’ i

-

“We.can use -our results for F,'to test the HQET relatlons [30] betWeen the form .

(48)4‘"",5

Lo

g b

cY

7 Conclusnons e :1 I IR e

‘We have 1nvest1gated the rare radlatlve decays of B mesons- The large value (~ mb/ 2)

= quark model, we have performed. the l/mz7 expansion of the rare- radlatlve B- decay

RN

i hght vector. mesons at the point of maximal recoil. It has been found that the relations -
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- f’ under Grant No 94 02—0300 a

- - of the recoil momentum of the final vector meson’ requlres ‘the completely relativistic .

. treatment of these decays..On the other hand, the’ presence of large recoil momentum =

~*in the enérgy of the final meson allows for the 1/my expansion. of weak decay matrlx e
: 'element The contrlbutlons to thls expans1on come both from heavy b—quark mass and

- Using_ the quas1potent1al approach in quantum ﬁeld theory and the relatrvxstlc

form factor: Fl(O) up to the second order. We have found that 1/m; corrections coming -

B “from the overlap of meson wave functions are large. This agrees with the results of the~
- hybrid sum rules [14], where- considerable 1/m; corrections for the form factor: F1(0)
" have been: also. obtaxned Thus we treat the A2 dependence of Fy, ar1s1ng from the
.. overlap of meson wave functions, without’ expansion. 'All other 1/m; corrections turn

. <out-to be small’ They rediice the value of the form factor § 23 (0) approximately by 10%. :

.+ ~We have calculated the form factors for the decays B — K*y 4B — pyand.B,— By,

#Bs = K * :

The found values {41).are in good agreement with the predlctlons of

QCD sum rules [13 14)~ Comblmng our result for. FB_'K =10y —-0 32'40.03 with -

“the. QCD 1mproved theoretlcal predlctlon for 1nclu31ve branchmg ratio* (5), we obtain

"BR(B - K*y)= (4.5%1. 5)x1075; which'isin accord w1th the experlmental branclnng

B ratio BR(B> K*y) = (45+1.5£0.9) x 1075 [2]. S

" We have also evaluated [33] the form’ factors of B meson semlleptonlc decays into

_ between rare and semlleptomc decay form factors [30], obtalned in‘the’ llmlt of 1nﬁn1tely
heavy b-quark -are satlsﬁed in our model S SRR
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Table 1 Comparrson of our predxctlons for the rare radxatwe decay form factor Fl (0)
wrth lxght cone QCD sum rule [13] and hybrld sum rule [14] results e

“:Decay 1+

our results

EE

’ l14l

| Bs— K*y

0.234+0.02

| B—K*y | 032+£0.03 | 032+0.05 0308:&0013i0036:&:0006

| B—=py | 0264003 | 02440047 027:t0011:}:0032

S| Bs'=dy. ] 0.27£0.03 | 0.294+0.05 | - S
0204004 | N

j’{‘:2 R.Ammar et al CLEO Coll Phys Rev Lett 'Zl (1993) 674 s
L 3 “B. Barish et al CLEO Coll.: Contrxbutron to the lnternatlonal Conference on ngh? i

‘ Flg 2 Vertex functxon thh the account of the quark 1nteractlon Dashed lme corre-+ i
sponds'to the effectwe potentlal (14) Bold llne denotes the negatlve—energy part of
A quark propagator BT : N :
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