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Remarks on nonperturbative O(l/mg) corrections to I‘(B_—>Xsy)
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We present an estimate of certain higher-order corrections to the contribution of the charm triangle loop in
the inclusiveB— X,y decay rate recently discussed by Voloshin. We find that these corrections are minute and
hence the result found by Voloshin, although small, is quite rol)@€556-282(97)05115-1

PACS numbd(s): 12.39.Hg

The concepts of heavy quark universality, symmetry, and eQ, e
effective field theory have been exhaustively applied to in- Lo5579= 2\/§GFV§chb s,_y”—b,_)
clusiveB decayq1]. By these means, the inclusiBe— X v 8w 2
andB— X,y decays can be related to the underlyipgrtur- ig _
batively computableb— clv andb— sy quark decays with X— G \F,, . 1)
only O(Ajcp/mp) soft physics and-quark binding correc- 3m;

tions. These results have been brought into question by
recent paper of Voloshifi2], where a nonperturbative cor-
rection to the inclusive rate fd8— Xy is identified which

Sther observations regarding effective Lagrangians of this
type have been made previously. The effect on the exclusive
B—K*y decay has been studied in RE3], while the au-

2 2
scales as\ gep/ Mg _ _ thors of Ref[4] have studied the effect of tHe—syg pro-
The appearance of nonperturbative corrections apparentyess on the photon energy spectrum.
missed in the heavy quark effective thediyQET) treat- The interference of the above term with the leading per-

ment of inclusiveB decays is unsettling and deserves a moraurbative contribution for thdo—sy process, given by the
thorough discussion. In this Brief Report we show how, ineffective Lagrangiam5]

the unphysical limit wheren?>m,Aocp, it is possible to

understand how the Voloshin correction arises in the context e 4Gg e

of HQET. In this limit, in fact, this correction is formally less Ebﬂw:@ fothbCﬂ,U«)mbSLUWbRF“V, (2
than terms ofO(mZ/m2) and hence isinder control In real

lite, however, m;~m,Aqcp and, in principle, Voloshin's -, 4, operator product expansi¢d®PE for the inclusive

correction is subject to conS|derabI_e uncertainty. I.n practice, e yields an effective amplitude for the—sy process
however, we show that all corrections to Voloshin’s result

are quite negligible, so that indeed his computation provides

- D a 1
the dominant (‘Tontnbunon.2 . 3 - Thosy=— —4G,2:m§2—ﬁe(V§SVcths C7)
The corrections 0fO(Age/m;) identified by Voloshin 32
[2] arose by considering the contribution of the gluon-photon — ,
; . ; : bgo,,(Na/2)GL"D
penguin graph, shown in Fig. 1. After applying a Fierz trans- % m a - 3)
formation to thes, y,c, ¢, y*b, four-quark operator in the 2m§

underlying effective Hamiltonian, this graph is proportional

to the famous AVV triangle diagram. Because of theThjs produces a correction to t@XSy rate:
Glashow-lliopoulos-MaianiGIM) mechanism, there is no

anomaly in the axial vertex, and the result is necessarily B

nonsingular in k,+ kg)z. In the limit of vanishing gluon a

momentum considered by Voloshi2], this contribution k k

must scale ayi*svib/mf for the up-type quarks running in Y 8

the loop. In his calculation, Voloshin ignores the up quark > |

loop because of its miniscule Cabibbo-Kobayashi-Mashawa

(CKM) matrix elements and because, in no sensengahe u, C, 1

considered larger than the typical gluon momentum in the

problem. SinceV*\V = — VLV, andm?>m2, thec quark > >

loop in Fig. 1 dominates and, indeed, the dominant effective b )

operator for theb— syg process scales asnﬁ’. This is the

origin of Voloshin’s result for the effective Lagrangian for  FIG. 1. Triangle diagram for thé—syg process. We have
this process: omitted a second diagram with the gluon and photon interchanged.
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ST (B—Xsy) 1wl However, in the B rest frame |k, |~my/2, thus the

— = —=—0.025. (4)  2xyky-k, term in Eq.(7) is of O(myAqcp), Which is not

I'(B—Xgy) 27C; mg Y > 2
really small compared te;. Voloshin’s resulfEq. (1)] ne-
glects this term altogether.

Before evaluating corrections to Voloshin’s formula, it is
useful to make some general remarks. The approximation of
also dropping the 2yk,-k, terms in Eq.(7) for the c-quark
loop is only tenable in a world wherrai»A_Q_CDmb. If this
were the case, the Voloshin correction to Bie> X4y inclu-

_ Na sive rate, given in Eq(4), would not violate, per se, the
pe= %<B|bgoTVG;”;b|B>= 3(ME2—M3)=0.4 Ge\. heavy quark expansion, since
ST(B—Xsy) pg Adeo me

The numerical result above follows by using for the coeffi-
cientC- of the leading operator mediating tBe— X4y tran-
sition, C;=—0.3[6], and using the standard evaluation for
the strength of the chromomagnetic interaction of the
quark inside theB hadron[7]:

©)

Although Eg. (4) is a small correction to the inclusive TR_w 2 2 2" ®)
rate, its sensitivity to the scakmg brings into question the F(B=Xy)  m Me M
expectations from HQET. To understand what is going on, itO
is useful to examine more fully the gluon-photon penguin
graph considered by Voloshin. Because the AVV graph ha
been analyzed in detail by AdI¢8], it is straightforward to
consider corrections to the effective Lagrangiéh or,

n the other hand, dropping thexk,-k, term isnevera
ood approximation in the heawy, limit (mp—oe, with m,
ixed) envisaged in the HQET. In this limit, the effective
Lagrangian(1) scaled by ng never arises, since the proper
equivalently, the amplitudég). limit for Eq. (7) is not 1y, but —6/kg-k, . Indeed, in this

The triangle graph in question is proportional to the tensofiMmit the photon-gluon penguin contribution vanishes identi-
cally because of the GIM mechanisiiy,V;,=0.

| yap=| (k)mkg){ep,vaﬂ(kg' ky)(k;— kS) A class of systemqtig corrections to \(oloshin’s result can
- be computed by retaining the full functidigk, ,ky) in the
~(€rparkyp™ €uppKga) KIKgh (6)  photon-gluon penguin graph. To be more precise, singe

s 2 . . .
where the invariant functiori(k, ky), is given by > Aqep: 1t suffices to consider

1 1-x 1 1-x 1
I(k,, Kk =24J xdxj d I(k,,k =24f xdxf dy————— (9
(ky kg) o o y ay (ky kg o o y (mg—nyky-kg) (C)

% 1 , 7) Expanding the denominator in powers k);'kg/mg identi-
[m? —k3x(1—x) = 2xyky-K, ] fies a progressive set of higher dimensional operators which
contribute to theb—syg Lagrangian. This expansion effec-

with m; being the mass of the quark in the loop. In the limit yely replaces th@;"a)\lemﬁ operator in Eq(1) by
where the gluon 4-momentum vanishes, Ef. reduces to

the 1m? factor alluded to earlier. In fact, the gluon 1
4-momentum is never vanishing. It is of order of the typl_cal_ngxiﬁAFW_)_ZG;AmAFW
momentum of the B meson constituents, which is mg me
O(AQCD).l Obviously, for theu-quark loop, it makes no

sense to consider thigf—0 limit and so the scale i’

: . +
never enters the problem. Given the very small magnitude of 15m401
ViV relative toVi Ve, it is perfectly sensible—as Vo-
loshin [2] does—to neglect tha-quark loop altogether.

(10,41 9\F ,,)(iD*G2Y)

The situation is also clear for thequark loop. In this case + 35m6(i 9ol dgid\F ,,) (IDIDPGM)+ .
my is really much larger than all other scales. Given that the €
k§—0 limit is appropriate, the photon-gluon penguin graph (10

involving thet-loop will contribute an effective interaction
like that of Eq. (1), but scaled by t?. This interaction,  The interference of these higher dimensional terms with the
however, gives a negligibly small correction to tBe-X.y  leading order operatai?) for the b—sy process in the op-

rate. For thec-quark loop, however, the effectivie*—~0  erator product expansion formula for the inclusive rate pro-
limit which yields theb—syg Lagrangian of Eq(l)gdoes vides the desired set of corrections to the Voloshin result.

not appear so safe. ; In p{acltic.e, it Ls simplelr to c?mhpu'lte tglese cgrrectionsbby
It is certainly possible to drop thlegx(l—x) term in the irst calculating the correlator of the leading order contribu-

. . > o .2 tion to b—sy, Eq. (2), with the full c-quark photon-gluon
denominator of Eq/(7) relative tomg, since m:>Ageo-  penguin graph and then expanding the result in powers of the

gluon 4-momentum. A tedious but straightforward calcula-
tion of the correlator depicted in Fig. 2 yields the following
To be more precise, as we will argue lathty| = O(A ocp) . formula for the effective amplitude for the— sy process:
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ments involving the gluon energy are of order the difference
in kinetic energy of thé quark before and after absorbing a
soft gluon Hence the gluon energy is of ordgg~AT,
~AQCD/mb, while [kg|~Aqcp—the gluons are predomi-
nantly spacelike. Dropping the gluon enerBy relative to
|kg| and expanding the logarithm in powersrugAQCD/m

b ylelds a rapidly converging power series fo(k,, ,kg)):

\) A)

(K ko)) = 1 L mylkgl
<( b g)> m +14o m4

FIG. 2. The cut diagram which, together with its complex con-

jugate, yields the contribution of,, ., to the inclusiveB— Xgy 1 m§|kg|4 ) 15
rate. — -
6930 m®
a 2
Tbﬂsy:__‘lGFmb_Re The higher-order terms in the series involve integrals of
327 27

x"y", which fall off asymptotically as,/7/n%24"*1,

L N Using the decompositionil3) in Eqg. (1) and retaining

X (VEVepVisViCr)bgo,*G2 —2bJ,, . (11)  only the terms that do not vanish by the equations of motion
2 gives for theb— sy amplitude the expansion

Here J,, involves an integral of(k,,ky) over the photon
ands-quark phase space and is given by

szbﬂRe(v VepVisViCr)

Tb~>57: -

48 d3s dk, 32
Ja=——% 390 5 (2m)*
(2m)%2s° (2m)%2KS, — n
><b(Jlo',,x+330',/akgkg>\+J40'm gP}\)gG _b
X 8P —s—k,)K, okl (ky Kg), (12

whereP is theb quark 4-momentum. (16)

The tensord,, can be expanded in terms of scalar func-
tions which depend on the invariants which are left over aftefCalculations analogous to those that led to Bd) lead to
the phase space integratiorlé,(P-kg, andP?): the following expressions for the leading behavior of the

scalar functions);, Jz, andJ, in theb rest frame?
Jan=I17an +I2P Py I3KgaKgy

tJa(KgaPr+KgaPy)- (13 ; 1 ( 3 m§|kg|2)
The scalar functiong; are easily identified by contracting ! 2m§ 700 mﬁ ’
J with the gluon and/or théd quark 4-momentum. They
involve combinations of the phase space integrals of )
(K, kg), (K, k)1 (K, kg), and ,-kg)?I(k, kg). These ) _L( 3 %) a7
integrals are readily computed in a power series in the gluon 3 om2l 350 m4)’
momentum. We will illustrate this with the phase space in- ¢ ¢
tegral ofl(k, ,ky), which we perform in théo rest frame:
3 1 /21
(1(ky ko)) = f T 2mistP—s—k,) J4:ﬁ<l‘5ﬁ>'
a (2w )223 (2 )32k° 7 c c
><24lede17)( q 1 Although theJ, term in Eq.(16) is nominally linear in the
y m2—2xyky-k gluon 4-momentum, it actually gives a correction of
’ O(A2 CD/mc) upon using Faradays law for the gluon fields
1=x (k><E EyBa), sinceEy~ ~A2 oco/Mp - Thus the leading cor-
v B dxf rection to Voloshm S result foWb_,Sy given in Eq.(3) arises

only from theJ; andJ; terms and involves operators qua-
1 1 My(Eq+ [Kgl)Xy/mZ dratic in the gluon 4-momentum. Using E.7), one iden-
(14)  tifies this correction as

X .
Xymalk| 1 mb g |kg|)xy/mc

The gluon energy in the above is typically much smaller than
the gluon momentum. Roughly speaking, Bamatrix ele- 2The J, term drops out because of the equations of motion.
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| itself in the OPE for. the total yvidth: Yet others come from
bosy™ — ?GFmbz—7Re(Vé‘svcbvtS wC7) photon—gluo_n penguin graphs in which two or more spft glu-
T ons are emitted. Although all of these contributions involve
5 unknown matrix elements, becausc,<m; it is reason-
mj (B| EE[O' (iD)2G™ able to expect that they also should yield quite small correc-
1400mS g o LUV a tions to Eq.(4).
Our analysis gives some confidence that theglriionper-
e ) o turbative corrections to th8— Xy process calculated by
+0"{iD,iD,}G; 1b|B) |. (18 Voloshin [2] are an accurate estimate of these corrections.
Unfortunately, these interesting corrections are numerically

Although one cannot relate the above matrix element to gmall for this particular decay. Their existence, however,
property of theB mesons, as was done for the leading matrixfaises the interesting question of whether othen l¢orrec-
element, we expect it to be @(A%cy). However, because tions may give more sizable contributions to other processes.

of the tiny numerical coefficient, even thoughﬁAéCD We hope to return to this issue at a later date.

~m¢, the above correction is totally negligible. So Vo-  \ye are grateful to Mark Wise for useful discussions on
loshin’s result(4) is robust, at least as far as these correctiongnese matters. He and his collaborators have arrived at simi-
go. ) ~lar conclusions to our§9]. We thank them for discussing
There are, of course, many other corrections to Voloshin'sheir results prior to publication. We also would like to thank
result. However, these are all @(Agcy/mc), down by a  Misha Voloshin for a helpful discussion. One of (&N) is
factor of A% ./m; relative to the leading term calculated by grateful for the hospitality of the UCLA Department of Phys-
Voloshin. Some of these arise by considering the fullics and Astronomy, where part of this work was completed.
photon-gluon penguin graph, e.g., thg term in Eq.(18).  This work was supported in part by Department of Energy
Others come from terms wher€®; 579 is correlated with ~ Grant No. DOE-FG03-91ER40662, Task C.
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