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Long-distance contribution to s—dvy and implications for Q"—Z="y, B—Bj vy, andb—sy
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We estimate the long-distan¢eD) contribution to the magnetic part of the—dy transition using the
vector meson dominance approximatioi={p,w,#;). We find that this contribution may be significantly
larger than the short-distan¢8D) contribution tos—dvy and could possibly saturate the present experimental

max

upper bound on thé)~—E "y decay ratel'y> - =3.7x10 ? eV. For the decayB,— B}y, which is

driven by s—d+y as well, we obtain an upper Baur?\d on the branching ra(B,— B y)<3x 108 from

o =, Barring the possibility that the quantum chromodynamics coeffigigfn?) is much smaller than

02

1, Fgéﬁia,y also implies the approximate relatidZ; g7, (0)/mj, = 397(0)/m’+ g’ (0)/m’ . This relation

agrees quantitatively with a recent independent estimate of the left-hand side by Deshpande, He, and Tram-
petic, confirming that the LD contributions to— sy are small. We find that these amount to an increase of

(4+=2)% in the magnitude of thb— sy transition amplitude, relative to the SD contribution alone.
PACS numbss): 12.15.Ji,12.40.Vv,13.40.Hq,13.60:.

I. INTRODUCTION AND OVERVIEW s—dv transition (along the lines discussed by Deshpande,
He, and Trampeti€3] for b—sy), we find LD contributions
The investigation of the quark radiative transition that are likely to be significantly larger than the SD ones. In
b—sy has been an important focus of attention in recenfact, the rate fo) ™ — =~y may not be far from the experi-
yeard[1] both because of experimental measuremgtitand  mental bound1), due to this VMD contribution. The result-
because long-distancéLD) corrections to the standard ing VMD amplitude is approximately proportional to
model(SM) predictions for the short-distan€8D) contribu-
tions are estimated to be smfH]. (For exclusiveB— K* y ) gii(O) 1 92(0) 1 gi(o)
decays see Ref4].) Thus, this transition constitutes an ex- ap(m?) 3 > 2 pmz "8 e
cellent laboratory to test the SM or possible high energy ' ¥ P @
deviations thereof5]. It has been pointed out recen{l@] o , ,
that for thec— u-y transition the situation is reversed, with Wherea,(ms) is a quantum chromodynami¢QCD) coeffi-
the LD contributions dominating over the SD ones by manycient[13] and thegy(0)’s are theusual vector meson-photon
orders of magnitude. couplings, evaluated @f®=0. Although a direct estimate of
In this paper we investigate the analogous quark transitiof2(Ms) is not reliable because we are well into the low en-
s—dy and two exclusive hadronic processés, —= vy ergy region where perturbation th.eory cannot b(_a trusted, we
andB,— B y, where it plays an important role. Throughout May _use the —phenomenologically determined value
this paper we are concerned with the magnetic transitiof@2(mg)[=0.55+0.1 [13] as a hint to assume
only, since the charge-radius one vanishes for real photonda,(m2)|=0.5. We then apply the formalism of R¢fL.0] to
The SD contribution ts—dy has been investigated be- get an expression for th@ ~—Z= "~y decay rate from our
fore (see, e.g.[7-9]) and we simply repeat the calculations, SD+VMD s—dy amplitude.(Notice that there are no pole
using updated values for the relevant QCD coefficients. Apcontributions to this decaylt turns out that if the above
plying the quark model formalism of Ref10] we find that  rough estimat¢a2(m§)|20.5 is correct then the experimen-
the SDs—dy contribution(by itself) to theQ™—E "y de-  tal limit (1) can be satisfied only if the contribution of the
cay rate is far belowby a factor of order 600the present ; resonances in the parentheses of @jcancels thep and
experimental upper limif11]: ® meson contributiongwvhich can be reliably obtained from
the p andw leptonic widthg 14]), at a level of 30% or better
Q" —E y)<3.7x10°° eV(90% C.L). (1) accuracy. The limii(1) then forces the approximate relation
atq°=0:

. (2

Hadronic LD effects that involve light mesons in loops
are estimated to be sm4B,12|, comparable to the SD con- 5
tributions. -z E

On the other hand, by using a vector meson dominance 35
(VMD) approximation for the LD contribution to the

which is highly nontrivial, and may be interpreted as a rem-
nant of the badly broken S¥) symmetry.
* On leave from Yerevan Physics Institute, Alikhanyan Br. 2, Yer-  The relation (3) turns out to be very useful for the
evan, 375036, Armenia. b— sy decays. As noted in R€f3], in the VMD approxima-
TOn sabbatical leave from Department of Applied Mathematicstion the main LD contributions to this decay can be ex-
University of Western Ontario, London, Ontario, Canada. Deceasedoressed in terms of the left-hand sideHS) of Eq. (3). In
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Ref.[3], the sum on the left-hand side of E) is estimated sible contributions from thep and w radial excitations

by using measured leptonic widths of thig states andy (p',p",..., 0" ®",...) because we think that their contri-
photoproduction data as well as an assumption about theution is much smaller and is already taken into account to a
higher ¢ excitations. We estimate this sum with better accu-significant degree in the SD amplitué®. The ¢ excitations
racy by replacing experimental values f5(0) andg,(0)  should be included however, because they are narrow reso-
on the RHS of Eq(3) and find very good quantitative agree- nances that are clearly distinguished from ¢fzecontinuum.
ment with the central value obtained in R¢8]. We thus  Note that due to the hadronic nature of the VMD approxima-
confirm the main result of Ref3] that LD cont.rlbut|ons 0 ton, M, and M4 should correspond to “constituent” mass
b—sy are of order of a few percent. According t0 Our €x- \arameters[The use of “constituent quark” spinors in de-
plicit ef“mate' these _correct|ons amount to_a_m Increase C{?\ving (5) should take into account to some extent nonpertur-
(422)% in the magnitude of thb—sy transition ampli- bative effects such as chiral symmetry breaking and confine-

tUdgi'n;?:atl\\,/\,z t‘;stgzs? Ctzgtrétg“\c/mMgk;ne.roximation for ment] In any case, it turns out that only the combination
% PRl bp (M2+M2)/(M2=M2)2 which has a similar magnitude for

s—dy to the unusual decay mod&— By, where theb | et o ¢ s d h .
quark plays the “spectator” role. We point out that this decay constituent or ‘current -s,d quark masses, appears in our
applications(see Secs. IV and Mwvhen the interference be-

(followed by B —B4v) has a clear experimental signature . L
of two monocr;jromz;tic photons of energies0 MeV each. tween the(presumably dominant LD contribution and the
SD contribution is neglected.

We find, using the limit of Eq(1), a small but hopefully N X . )
It is difficult to estimate the coefficient,(u*) for

measurable branching rat®(Bs— B} y) <3X 10°8. S 2
pn=0(m,) appearing in Eq(5). However, relying on the
phenomenologically obtained valuga,(m?)|=0.55+0.1
[13] we take|a,(m2)|=0.5.
The SD amplitude relevant to ttse—dy transition can be The COUp"r‘QSJw(mzw), gp(mi), gw(mi) are readily ob-
expressed as Lo

Il. SD CONTRIBUTION TO THE s—dy AMPLITUDE

tained from leptonic decays of these mesons, but their ex-
e G trapolated values a>=0 are less trivial, especially for the
___- °F 2y iV J; states. Photoproduction data seems to indicate that
Aso™~ g2 \/EFZ(M Jdo MR+ maL JsF,, (4) 92(0)=g*(m?), g2(0)=g*(m2) [17,18. On the other hand,
estimates in Ref[.3] using s photoproduction datfl8—2Q
wherems, my are current quark masses aRg(u®) is a  give g95(0)=(0.12+0.04)g5(m3). In Ref.[3] it is also as-
form factor evaluated at a low scaje=0(ms) which in-  symed that the same ratio holds for the excitatighs ",
cludes (dominanj QCD corrections. Early estimates of gtc.
Fo(u?) [7,8,19 were in the approximate range 0-18.36 Making use of the above estimates as well as of the lep-
[15] while we obtain by explicit calculation, using tonic widths of the relevant vector mesorid4] we
as(Mm)=0.3, ay(u?)=0.9 in the formulas given in Ref. optain the numerical valuesg?(0)/m>=0.047 GeV,
[16], a somewhat smaller value,(u?)=0.1, which will be g?(0)/m>=0.038 Ge\?, and g.[gf(o)/mZ 1=0.041
used below(see also Refl9]). oY ! 'S Y
GeV-. The first two estimates should be accurate to about
10% while the latter must be considered only as a rough
ll. LD CONTRIBUTION TO = s—dy estimate, with an uncertainty of at least 40%. Once we derive
To estimate the LD contribution ts—dy we use the the approximate relatiof3) we will bze able to give a far
VMD approximation in analogy to the formalism used in more reliable estimate at;[ gy, (0)/my, ], which is consis-
Ref. [3] for b—sy. As an intermediate step one defines atent with the above central value.
transverse amplitud&\[s—dV(q)]t (V=4;,p,0 in this
case and then introduces th¥ to y conversion vertices,

settingg?=0. Using Gordon decomposition we find that the IV. APPLICATION TO THE DECAY Q™ —E"y
LD amplitude for thes—d1y transition is AND ITS CONSEQUENCES
G 2 g2 (0) 1 g2(0) The proces$€) ™ — =~y has a special plad®,15] among
Ap= —e—FVcsVé’daz(,uz) - E '/’iz e the hyperon radiative decay21], since the quark composi-
V2 39 my, 2 m tion of the participating hadrons preclud&¥ exchange

among pairs of valence quarks to induce this decay. A similar
1 - v situation occurs irE ~— 2~ y decay. Accordingly, these de-

md‘f [MR=MgL]sF,,, cays have been singled out as possible windows for the de-

tection of the short-distance electrowdadk, 12,13 or strong

(5) penguins[22]. Using the present knowledge on the QCD

corrections to the effective nonleptonic Hamiltonian as dis-
where we have used Vi=—V V54, ax(u?) isa QCD cussed in Sec. II, the electroweak penguin contribution to the
coefficient the value of which is taken from phenomenologyrate turns out to be lower by more than 2 orders of magni-
in the context of the factorization approximatiph3], and  tude[see Eq(8) below] than the present experimental upper
the gy(g?) factors are defined in the usual way, e.g.limit on Q~ radiative decay[Eq. (1)]. A similar result is
(w(q)|5yﬂc|0>=ig¢(q2)e;(q). We have not included pos- given by the calculation of gluonic penguif2].

_1g5(0)
6 m
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The structure of the nonleptonits=1 Hamiltonian does Isn(Q™—E y)=6.4x10"12 eV 8)
not allow for pole contributions in th€~— =~ v decays.
Kogan and Shifmaf8] have calculated the two-particle in- which is far below the present experimental bound of
termediate §-channel” contributions to this decay of which Texp{QQ™—E7)<3.7X10"° eV. On the other hand, the
2% is the largest. From the i |mag|nary part they found thelarge theoretical uncertamty of over 40% in the value of the
unitarity limit B(QQ~—E~y)=0.8x 10 ° and the inclusion sumz; [gw (0)/m¢,] (see Sec. Il which appears irCyyp ,
of the real part increases this figure by a factor of 1.5 onlywould allow the LD contribution to saturate this experimen-
Thus, the ‘s-channel” contributions are lower than E€L)  tal bound. In fact, the experimental limit can be used to
by a factor of about 40. constrainCyyp and hences;[g (0)/m7 ]. Using typical
On the other hand, a VMD approat#3] to the hyperon values Mg=0.5 GeV, My=0.35 GeV for the constituent

radiative decays on_the hadro_nlc I_evel_, which u_se$6$\;,) quark masses arl@,|=0.5 (see Sec. Ill, we find
symmetry to determine the parity-violating couplings of vec-

tor mesons to baryons from the nonleptonic hyperon decays, (0)
finds a branching ratio fd " — =~y which is already at the |Cump| = E
limit of Eq. (1) or even slightly higher. Actually, had we 34 mj, 2 m
neglected the contributions fromy our result due to light

vector mesons only would lead to a rate which is also larger <0.01 GeV. ©)
than the experimental limit.

16,(0) 195,(0)\
M |

(D

This constraint would be only slightly different, had we used
In view of the above-mentioned results we turn now to the
Ccurrent quark mass parameters insteadligfandM ;.

giﬁ?rl;tr'gé g&?he?—c:haznbe{”:in dgvatfazziligr??jrumgt;g: t_he The bound in Eq(9) represents a remarkable cancellation
9 aft the 30% level, considering that

distance radiative process. We shall use the quark model o

Ref.[10] to estimate the rate for the dec®y —E "~ y, from 14¢%0) 1d%(0)
the SD and LD contributions to ttee—dy quark decay am- 5 L+ 5 ©>-=0.030 GeV
plitude obtained in previous sections. my ®

For notational convenience, we define the constant

. Tsee Sec. Il We presume that this effect may stem from the
v=|V V54 =0.22 and

combination of the Glashow-lliopoulos-MaiatGIM) [24]
2 mechanism and the underlying 8 symmetry, which if
— Ez 950 163 (O) 149, (0) exact would give a full cancellatioafter inclusion of
VMD™ 3 <4 mzw_ 2 m A p'.p" ..., o, ,0"... statek The SU4)r symmetry is
' known to be badly broken by the large mass of ¢thguark.
The relative sign of the SD and LD contributions is de- However, here we are comparing the form factofs(q?),
termined by the theor}3] so that the full amplitude for the g (qz) 92 (q2) at a common scalg®=0, which seems to

s—dy transition can be written as “restore” this symmetry to some extent. We have noticed
that if |g¢(0)|—|g¢(m¢)| [17,18, leading throughe lep-
Auwl(s—dy)=AsptAlp tonic width data[14] to |g4(0)|=0.24 GeV#, a completely
analogous near cancellation occurs for the quantit
_ &G 0 mgF, . vaZCVMDMS> 9 q y
2 8r’ | MZ-M} c _ 1950 1930 1g; (0)
WP 3 mg 2 mf) 6 m

myF va,C M
( a2 2Cvmp d)L SF,,. ©)

87  MI—-Mj

which is relevant to LD effects it—uy decay[6]. We

. . obtain C\,yp=—1.4x 102 GeV?, which represents a can-

Following Ref.[10] we then obtain cellation at a level better than 10% for which presumably the
SU(3) symmetry is responsible.

)|q|3 We note that the upper bourté) on |Cyyp| tells us that
although the LD effects are likely to dominate>dvy, they

can be at most a factor of about 25 larger than the SD con-

G2
rQ —gy= (

2 2
I moE.+ 87va,CympMs tribution in the amplitude. This represents an intermediate
s 2 MZ—Mj5 situation between thb— sy decays where the SD contribu-
5 5 tion clearly dominate§3,4,25 and thec— uy decays where
= 877va,CympMqg 2y the SD effects are completely negligible relative to the LD
+| mgk» 22 , (D)
Ms—Mg ones[6].

Since the proces& —3 "y has underlying physics
whereﬁ is the photon momentum in th@ ~ rest frame and similar to O~ —="y, we must consider the effect of
the separate SD and LD contributions are exhibitedss—dV—dy on it as well. UsingCyyp of Eq. (9), we find
explicitly. that the contribution to the branching ratio is

In the absence of LOOVMD) contributions, we would B(E —2 9),p<1.1X10 4, while the measured rate for it
obtain (for mg=175 MeV, my=10 MeV, F,=0.1, see Sec. is B(E~ —2 y)=(1.27=0.23)x10 * [14]. Hence, since
) we expectCyyp to be somewhat lower that its upper
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limit, the contribution ofs—dV to this decay can be accom- contributions. This is an unusu@dy meson decay in the
modated with the two-particle s-channel” contributions sense that it represents the decay oflipist quark in aQq
which were showrj8, 26] to account for a rate at the 16 system. Also, it has a clear signature: two photons with en-
level. ergies of about 50 MeV and 46 Melthe second one coming
We also wish to comment on the well-known result of from the decayB} —Byy), followed by a usuaBy decay.
Gilman and Wisd 10], that thes—dy transition cannot be We roughly estimate th8,— B? y decay rate from our
the dominant one for all hyperon decays. In fact, they proved_, 4, amplitude(6) by assuming that the spatial wave func-

[10] that if X" —py is driven bys—dy, other radiative {ions of thes quark in theB; meson and thel quark in the
decays are predicted to be much larger than the observegk

' ' . 5 meson are similar, and noting that the photon energy
rates. Using agaif,,p of Eq.(9) we calculate the contribu- (=50 MeV) is small compared to the average momentum

tion of s—dy to the Well-measure§+—>py decay and we (700 MeV) of the light quark in the bound state. A “free

find tht"_"t |tlzzccc;ur1t32 ;‘irg%';‘is; é_']s-ﬂ’ of the observed branchg k- approximation should then give a reasonable estimate

ing ratio[14] of (1.2 07)x107°. . of the transition amplitude. In terms of the amplitude
The above considerations @™ —3,~ y and on the typi- s—dy Eq. (6) we obtain, for the decay rate,

cal pole decay. * — py demonstrate the consistency of our

use of the long-distance—dvy transition as the expected

2 2
dominant contribution i)~ — = " y. I'(Bs—B%y)= 1:7T4GE|&|3{ ( meF -+ 8m“va,C VMDMS>

ME—M3
V. IMPLICATIONS FOR THE LD CONTRIBUTION 872va,C M
TO b—sy +| myF,— MZZ_ VMMSD d) } (12)
Because °

1 gf)(O) 1 g3(0) whereq is the photon momentum in th&; rest frame. Com-

2 m T e =0.030 GeV, paring to Eq.(7) and using the upper bour(d) we obtain

p w
Eq. (9) implies that the approximate relation given in E8). ['(Bs—B}y)<1.4x10 % GeV. (13

must hold to an accuracy of order 30%. This then indepen-

dently determines I
y Then, the present central value for thBg lifetime

92,(0) 75,=1.34x 10" * s[14] gives a bound on the branching ra-
Z n'ﬁ/ =0.0450.016 GeV, (10 tio, B(Bs— B y)<3x10 8. Although this is a very rare

decay mode, its unique signature and the large number of

B, mesons expected & meson factories and at the CERN

where our uncertainty in the values @f(0) andg,(0) has . o 1 oo
been folded in. Notice that this result is in very good agree—l'arge Hadron Collide(LHC)-B~2x 10 [27] make it in

ment with the central value=<£0.041) estimated fron} pho- teresting.

toproduction data in Ref3], but the uncertainties there were

larger(above 40% Our results thus confirm previous asser- VIl. CONCLUSIONS

tions that the LD corrections are at the few percent level only i o

[3,4] and further show that these contributions are well under USing a VMD approximation, we found that the LD con-

control. The amplitude fob— sy including SD and LD con- tribution to thes—dy transition may be significantly_larger
tributions can be expressed & than the SD one, and could even lead to a saturation of the

present experimental upper limit on the decay rate for

eG 1 O~ —E" vy [Eq. (1)]. This result throws new light on this
Ab—sy)=— _FthVt*s —m,CM"(m,) decay mode. A further tightening of this upper limit or a
V2 4 measurement of th@ ~— =~ y rate would provide us with

very useful information about the relative importance of the
LD and SD contributions tos—dy. The present upper
bound already implies a nontrivial cancellation at a level of
30% or better in the LD contribution. The resulting approxi-
wherem,, M, have been neglected comparedntg. Us- ~ Mate relation[Eq. (3)] allowed us to estimate the relative
ing a,(m?)=0.24+0.04 [3], CSf(m,)=—0.30£0.03[16], Importance of the LD contribution to the— sy transition
and m,=4.8+0.2 GeV, we find that the LD contribution @mplitude. Our estimate of (42)% for this relative LD

increases the magnitude of the amplitude by:-@)%. contribution, which is calculated by assuming vector meson
dominance for it, agrees with earlier ones, which had larger

uncertainties. Because the unusual prodess B vy is also
dominated by as— dy transition, its decay rate is related to

Another process where the—dy quark transition will  that of Q™ —E ~y. We find that a present limit on the latter
dominate isBs— B} y. There are no pole contributions and [Eq. (1)] implies an upper bound for the branching ratio
we explicitly estimated the LD contribution from light me- B(Bs—BZ y)<3x10 8, which is small but hopefully ac-
son loops to be smaller but comparable with the SBdy  cessible in future experiments.

2 95,0

—az(mﬁ)3—mb >

T~ ]g(r’“’RbFM,,, (12)
U

VI. APPLICATION TO B.—Bjy
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