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We study the novel decayB* —Byy and D* —Dyy using the framework of the heavy meson chiral
Lagrangian (HML) to leading order in chiral perturbation theory. The branching ratios of these decays are
expressed in terms of the stroggs (p+)g(p)~ and the electromagnet@i« p+)g(p), couplings, thus providing
a possible tool for their determination. In the charm case, using the experimentally determinedDafids (
—Dm)/(D*>"—=D+y), we are able to express the branching ratio as a function of the strong coupling only.
We thus find 1.6 10 8<Br(D*°—D%yy)<3.3x 10 ° for 0.25<g<1, whereg is the strong coupling of
HM L. In the b-flavored sector, the BE*°—B%yy) which we estimate to be in the 16—107° range is a
function of bothgg«g, and gg«g, . Its behavior does not afford an unambiguous determination of these
couplings except for the region of highvalues such ag>0.6. The expected two-photon differential distri-
butions are presented for boli °—B%yy andD*°—D°yy, for different values of the couplings involved.

PACS numbds): 12.39.Fe, 12.39.Hg, 13.20.He

[. INTRODUCTION On the other hand, in thé-flavored sector where the
B* — B decay is forbidden by phase space, ¢heg, Cou-

The heavy vector mesois* andD* (of spin-parity 1) pling is not directly accessible. And although tB& —By
decay via spin-flip electromagnetic or strong interactions talecay is experimentally detected, the direct measurement of
the well-studied pseudoscalar ground staBeand D. The its strength is an unlikely proposition at present, in view of
decays ofD* are known to proceed either as a strong tranthe smaliness of the expected value of its decay width.
sition D* — D 7 with a final pion with momentum of about However, as we ShOW_'” this paper, the two photo_n decay
40 MeV or as an electromagnetic oB& — Dy, with a final ~B*—Byy branching ratio turns out to be a function of
photon with momentum of about 140 MeV. The situation is98*B~ ar_‘ng*Bw V_Vh'Ch_ opens the possibility for the_lr de-
different for B* which has a mass of 5324:4.8 MeV: termination, especially in particularly favorable regions of
since the mass differenc®g« —Mpg is only 45.8 MeV, the (g« g, Jexs,] Parameter space.

H i 0 *0
there is no strond3* decay and the radiative proceB$ Oour Oanaly5|s singles out the neutral_ modag (D . )
: . —B®(D") yy as the more relevant ones in relation with the
— By is the dominant decay mode f&* .

. determination of the the couplings under consideration. In
In the present paper we study another possible electr

) %ddition to the direct radiative transition which is the sole
magnetic decay, the two-photon decay processes:Byy  contribution in neutral decays, and on which we concentrate

andD* — D yy which were not considered previously in the i, this paper, there is also the two-photon decay arising from
literature. In addition to the intrinsic interest in these ”OVelbremsstrahlung in the chargeB* " (D**)—~B*(D")y
modes, we point out that their study could provide informa-channel. Since this radiation overwhelms the direct mode, as
tion on the strong couplinggg«s~ andgp«p, and on the e will show, one has to resort to the investigation of the

electromagnetic onegg-g,,dp+p,- The strong couplings npeytral modes if one aims for a cleaner determination of the
are directly related to the basic strong couplingf the ef-  girong couplings.

fective heavy meson chiral Lagrangian, which describes the |, Sec. || we review the present status of the main decays
mteractlor_]s of he_avy mesons _W|th low-momentum pions. 4 B* andD*, with which the rare two photon decays must
There is a major dissimilarity between the possibility of he compared. In Sec. Ill we present the theoretical frame-
measuring the couplings in the charm artlavored sectors, \york of our approach. Section IV contains the explicit treat-
as a result of the different mass difference between the rénent of the decay amplitudes. In the last section we summa-

spective vector and pseudoscalar mesons. In the charm S&¢ze our predictions and we discuss certain features of the
tor, the experimentally measured branching ratios of thegiculation.

D*% D** decays into the allowe® 7 andDy modes lead
to relations betweemp«p, and gp+p,. Henceforth, the
D* —D yv decay under study here is expressible in terms of
the strong coupling only and would provide a convenient
tool for its measurement. The vector meson8* were firstly observed1] by the
CUSB Collaboration at the Cornell Electron Storage Ring
(CESR by detecting the photon signal from the radiative
*Email address: firenze@physics.technion.ac.il decayB* —Bv. This signal of 46 MeV photons was con-
TEmail address: phr26ps@physics.technion.ac.il firmed in improved CUSB-II measurements, with the vector

Il. EXPERIMENTAL AND THEORETICAL STATUS
OF B* AND D* PRINCIPAL DECAYS
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mesons produced at CESR at f5i¢5S) resonanc¢2]. Re-  sis of Kamal and Xy29]. Recently[30], the strength of the
cently the proces8* — By has been observed also at the various decay channels @* has been extracted from an
CERNe'*e™ collider LEP with the various detectof8] in a analys_is of the exp_erimental branching ratios by the use of
sample of over %4 10° hadronicZ® decays. The rate of the the chiral perturbation theory.
B*-meson production relative to that 8 mesons is found In the D* case, the theoretical calculations again span an
generally to be consistent with the expectation from spirPrder of magnitude range for the predif(t)ion of the absolute
counting. It is expected that this production rate will be decay widths, frg(r"n a small width df(D*")=(3-10 keV
maintained in futured experiments at hadron machines, suchl14,28 to I'(D*7)=(60-120 keV [9,24,2, including
as the BTeV at Fermilab and Large Hadron CollideHC) fairly large uncertainties. It should be emphasized at this
, oint that the chiral bag calculatiory) has offered the best
at CERN, where samples of the order of'®'s are ex- pstimation e o bran?:hin rati(ﬁzoé]IBrX(D*+—>D+qr°)'
pected. Then, a fairly high sensitivity can be achieved in th 9 .

. X(D** =D *):Br¥Y(D* " =D " y)=31.2%:67.5%:1.3%
study of B* decays and measurementsBif branching ra- ' %0 P o N o 0
tios of the order 107—10 8 could be accessible. and Br(D* "D ):Br{(D* "~ D"y) =64.3%:35.7%.

In view of the small mass difference M (B*—B) The recent experiments have confirnjd¢21] these rela-

_ . ) tive ratios and dispersed the puzzling features which pre-
=45.78£0.35 MeV [4], which forbids strongB* decays, ajled previously concerning the radiative branching ratio

the electromagnetic transitidd* — By appears as the main 54 the relative ratios d* * strong channelésee, e.g., Ref.
decay ofB*. This decay has been studied in a variety Of[zg]). The prediction of the chiral bag moddR6] is
theoretical models, including quark modéss-7], the chiral ['(D**— al)=79 keV, I'(D*°— all)=59.4 keV. Sev-
bag model[8] followed by effective chiral Lagrangian ap- eral of the other calculations result in fairly similar values
proaches for heavy and light mesdi®s-11], potential mod- [5,6,29 as well as predicting foF (D*°) a value approxi-
els[12,13 and QCD sum rule$14,15. The predictions of mately 25% smaller than fdf(D* ). There are also calcu-
these calculations span a range of nearly one order of magations in which these widths are nearly eq[l,14 or, on
nitude for the expected decay widths, betweenthe contrary, calculations giving(D* *) to be at least twice
r'(B*°(B**)—B%B*)y)=0.04(0.10) keV [14] and l|arger thanl(D*°) [15,27,28.

I'(B*°(B* *)—B°%B")y)=0.28(0.62) keV[8], with most The experimental and theoretical survey we presented
of the calculations[6,7,9,19 giving values closer to the here is obviously of direct relevance to our calculation as the
larger values of Ref.8]. absolute values oB* and D* widths will affect the prob-

The D* meson was discovered more than 20 years agepbility of the B* —Byy andD* — D yy future detection.
[16] and has been subsequently studied in several experi-

ments at different accelerators e[d.7—22. The D* " (M IIl. MODEL EOR TWO-PHOTON TRANSITION
=2010.0-0.5 MeV) and D*9(M=2006.7-0.5 MeV)
have relatively little phase space for strong decay ibto Substantial progress has been made in recent years in the

+ 7. The current PDG averagp4] for the measured branch- treatment of the interactions of heavy mesons containing a
ing ratios of the observed decays are Bf("  single heavy quark with low momentum pions, by the use of
—D 7% :Br(D** - D% ") :Br(D** — D"y) = (30.6  an effective Lagrangiafi31-33, the so-called “heavy me-
+2.5)%:(68.3+1.4)%: (1.4 2.1-0.7)% and Brp*° son chiral Lagrangian” (HML), which embodies two prin-
—D%7%):Br(D*°—D%)=(61.9+2.9%:(38.1:2.9%. The  cipal symmetries of quantum chromodynamiésr a com-
most recent experiment dd* * decayg21] gives more ac- prehensive review of this theoretical framework and its
curate branching ratios for the three decay channels as fofpplications, seg34]). At the leading order in an M, ex-
lows: (30.7:0.7)%:(67.6+0.9)%:(1.7-0.6)%. pansion (1 is the mass of the heavy megand the chiral

Although there are, by now, good data on the branchindimit for the light quarks (n—0,=u,d,s), the Lagrangian
ratios, there is still no absolute measurement of any of th&arries flavor and spin symmetry in the heavy meson sector,
partial decay widths. The tightest upper limit has been estat®s well asSU(3), ® SU(3)g chiral invariance in the light
lished by the ACCMOR Collaboration at CER[®22] from  meson one. We adopt this framework for the calculation of
the measurement of 127* © events using a high-resolution the processes we study here, namely tB&(D*)
silicon vertex detector, to bE(D* *)<131 keV. The other —B(D)yy decays, and we shall use it to display the pos-
closest limit, obtained by the HRS Collaboratifi8], gives  sible usefulness of these transitions for the determination of
upper limits of 1.1 MeV and 2.1 MeV for the total decay the gg+g~,dp*p~ andgg+g, couplings.
widths of the charged and neutfal’s. The heavy vectorB* or D*) and pseudoscalaB(or D)

The decays obD* have also been treated extensively in amesons are represented by &4 Dirac matrixH, with one
plethora of theoretical models. Many of the papers we menspinor index for the heavy quark and the second one for the

tioned concerning th8* decay[5-15 discuss also th®*  light degree of freedom:
decays. In addition, we want to mention the early approaches
[23,24] with effective Lagrangian including symmetry break- 1+

= [B* yM— H= T
ing, a relativistic quark moddR5], the study ofD* decays H=—5 [BLy*—Bysl, H=vH"y, (3.0

using the chiral-bag model which contains pion exchange
effects (pion loops [26], the use of QCD sum rulg27], a  wherev is the meson velocity, ang#B}, =0 andB}, ,B are
chiral model withM .— <0 [28] and the comprehensive analy- the respective annihilation operators of the meson fields. We
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shall usually refer henceforth ®* —B+yy with the under- 2Mg
standing that the same treatment holdsDdr— D yy. How- 9sxBr— 5 9= UerBrn
ever, we shall specify the two channels separately when nu-
merical or other specific features make it necessary. 2Mp
The relevant interaction term of the HM., representing 9o*Dr= 7 9= Gp*D* - (3.9

the coupling of heavy mesons to an odd number of pions, is

given by[31,32 Note that, in deriving Eq9.3.8) one assumeB,B* (D,D*)
int — mass degeneracy. In order to calculate Bfe—~Byy decay
LAy =9Tr(Hay, 75 Az0Hb) (32 \yidth we use the interaction Lagrangi&hd) to the leading
order in chiral perturbation theory, which is an appropriate
tool here, in view of the smallness &g« —Mg.
i The calculation of the radiative process& (D*)
A“=§(§T5”§—§5“§T) (3.3  —B(D)yy obviously requires the incorporation of the elec-
tromagnetic interaction in our LagrangidB.4), which is
and £=exp(M/f), with M being the usual 3 matrix ~ Performed[30,35 by the usual procedure of gauging the
describing the octet of pseudoscalar Nambu-Goldstonéagrangian with theU(1) photon field. This leads to the
bosons. The axial coupling constagtis one of the basic replacement of the derivative operators in the Lagrangian by
parameters of the HL, which is of direct import to our covariant derivatives containing the photon field, explicitly
problem.a,b denote light quark flavorsb=1,2,3) andfis ~ exhibited in [35]. Nevertheless, the new Lagrangian still
the pion decay constant=132 MeV. Expanding the axial d0€s not provide for couplings to induce the obserid
current and using the first terp#= — (1/f)9*M+ - -- one By, D" —Dy magnetic dipole transitions. This neces-

obtains the effective Lagrangian representigs-pion and sitates the introduction of an additional term in the Lagrang-
B* B*-pion interactions, which are the relevant ones in our@n, a contact gauge invariant interaction proportional to the

where the axial currentl ® is

problem. Thus, electromagnetic fieldr ,,, which is given by[30,35
29 J I T 3.9
Li=|~ 5B MB +H.C. =2 T1(Ha0,F 4 Hpan), 3.9
2gi Y where u is the strength of this anomalous magnetic dipole
+ €apuB” BormB* Ty, (3.4  interaction, having mass dimensipt/M].
Additional terms arising from an M, expansion exist
The dimensionlesB* B# coupling is defined ag34] [30,35; however, several of them, including the radiation of

the heavy quark, can be absorbed in E39) by redefining
7(q)B(v1)|B* (v5,6))=gprp.(92)q,e4 (3.5 4 Inthe present paper, we shall consigens an effective
(m(@B(v)|B" (v2:€2))=0pras(47) 0,5 coupling, representing the strength of tB&(D*)B(D)y
wheree* is the polarization vector d8*, with the physical ~transiton. _
coupling given by the limig2—m? . We use the same nor- ExpandingH in terms of the components, one obtains, for
malization convention as if84]. " the additional electromagnetic interaction,
Throughout this work, we assume that the variation of

2 rfiR* Th* a Tp*
Jsrs, With g2 in the region of our treatment can be safely ~ Lef™ ~€#F*1IB, B, +€up,,0*(B By +H.C)]

neglected. Likewise, we define (3.10
— . which exhibits B*By and B*B* y couplings with equal
(m(q)B* (v1,€1)|B*(v3,€2)) strength, as given by the heavy quark symmetry. From Eq.

) B 3.6 (3.10 we obtain the respective vertices, which are
=0g+p*(d°) €apurer €50 V7, .

K,€)B*(vq,€1)|B* (v5,
with the same remarks as above. (r(k,e)B (v1,€1)|B(v2.€2))

We also note that the isospin symmetry requires =euMpx(€;-Ke- €,— €5 Ke- €7) (3.1
Og*Br=UB* +B07+ = — \/EQB* +Bt 40~ \/EQB* 0B00 ky
= —0p*0+ - 3.7

and thegg« g, SO defined is the commonly used in the litera- ko
ture. T

The relation(3.7) holds similarly forggs g+, ,dp*p, and
Op*p* » Ccouplings. B*(D*) B(D)

Now, from Eqs(3.2—(3.4), using the definition{3.5) one
has FIG. 1. The anomaly graph f@&* (D*)—B(D)yy.
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ky ks bz
ky

+ ..... r(m, K) + crossed graph
w(m K)

B*(D*) B*(D*) B*(D*) B(D)

B*(D*) B*(DY) B(D) _
FIG. 4. Loop graph foB* (D*)—B(D) yy which involve both
FIG. 2. Loop graph foB* (D*)—B(D)yy which depends only magnetic and the strong couplings. Instead36{D*) in the first

on the strong coupling. Additional graphs of this kind are discussed®roPagator we can ha&(D).

in the text.
Nevertheless, we note that we shall use physical masses for
(y(k,€)B(v1)|B* (v5,€5)) the degenerate doublet of heavy mesons both in the loop
propagators and in the decay calculations; moreover, the chi-
= —ieMB*,ueM,,aBe“k”vgeg. (3.12 ral loops included are themselves of ordevll/. The terms

we include are the leading ones in chiral perturbation theory,
The propagator of the heavy vector meson is given by and are of the same order in amNl/expansion; moreover, to
—i(g*"—v*v")I2[(v-k)—A/4], where A=Mg«—Mpg and this order there are no counterterfids].
v,k are the velocity and the residual momentum. The propa- It is appropriate to mention now that tlg+g,, ,Op*p~
gator of the heavy pseudoscalar meson iig[(v-k) couplings were estimated in recent years by the use of a
+3A/4] [34]. variety of theoretical techniques, such as QCD sum rules
Now, considering Lagrangiari8.4) and(3.10, as wellas  [14,27], soft pion approximatior{39] and other methods
the axial anomaly responsible for the®— yy, we classify [9,10,30,36,37,4D Generally, the values of obtained in
the diagrams contributing tB* — By in the leading order these works are in the rangg=0.25-0.7, significantly
of chiral perturbation theory as follows: smaller than the quark model result @1 or of modified
There is the diagrarB*°—B%* 7 —B%yy (Fig. 1), via  quark modelq24,41,43 which brought this value slightly
a virtual pion (the somewhat different situation iD* below 1. The most recent determinations gfinclude an
—Dyy will be analyzed in the last sectipnThis diagram analysis[34] of various theoretical approaches which leads
contains the known strength of the pion axial anomaly. Thento a “best estimate” ofg=0.38, a recent lattice determina-
there is the loop grap®*°— (B* "7~ )—B%yy (Fig. 2), tion giving 0.4Z4)(8) [43] and the analysis of Stewd30]
with the photons radiated from the virtual charged pion inwhich incorporates symmetry breaking terms in the Lagrang-
the loop, with additional graphs of the same class, as specian and obtaing=0.27"3; .
fied in the next section. The first graph is proportional to the Finally, the experimental limil’(D* 7)<131 keV[22]
Us*s» coupling, while the loop graph contains the puts an upper limit ofg<0.71, using'(D**—D%7*
Os*e~Us*p*, Product. In addition we have the tree level +D+ﬂ-0):(g2/4ﬂ-f2)|5ﬂ_|3_
diagram with two insertions of the magnetic Operator defined The existing theoretical estimates we mentioned, give
in Eq. (3.10, leading toB*°—B*°y—B%y (Fig. 3. This 0,04 keW<I'(B*°-B%y)<1 keV  and  0.10 keV
graph depends only on the magnetic moment. Finally we <1 (B**B*y)<1 keV, where we allowed for a slightly
have a class of one loop diagrams which involve both theyigher upper limit. We redefine the magnetic coupling in Eq.

magnetic moment and the strong coupling, which is exhib—3 10 to a dimensionless quantitz=M ax 1= Oax and
ited in Figs. 4—6. We did not include the contribution of 810 ! I quantiy B 1t .g? 8%
Mp«u+ =g+ +p+,; then the above limits give the

diagrams containing three heavy meson propagators which §+~ _
negligible. Needless to say, the determination ggf.g,  ranges 2.2 x<11.0 and 3.5 u <11.0.
would be simpler, should the first two graphs dominate.
However, this is not true fob* decay, while it can be true
for the B* decay for an opportune range of parameters as we
discuss in the next section. We present now the explicit expressions of the decay am-
We remark at this point that corrections to E8.2) which  plitudes, which in our approach, to leading order in chiral
arise from higher terms in the Nij; expansion as well as in perturbation theory, consist of the contribution of the
chiral breaking have also been investigafdd,34,36,3T7. A anomaly graphFig. 1), the tree level grapkFig. 3) and the
comprehensive inclusion of these corrections in the calculaloop graphgFigs. 2, 4—6.
tion of the two-photon decays of heavy vector mesons is
beyond our scope in this first treatment of these processes. k

IV. THE DECAY AMPLITUDES

ks
kl k2 n(m, K)

/ / B'(D) B'(D) B'(D") B(D)
+ crossed graph
) B(D)

B*(D*) B*(D* FIG. 5. Loop graph foB* (D*)— B(D) yy which involve both
magnetic and the strong couplings. Instead6{D*) in the loop
FIG. 3. Tree graph foB* (D*)—B(D) yy. we can haveB(D).

+ crossed graph
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ke The loop contribution which depends only on the strong
coupling is given by a sum of several diagrams. In addition
w(m,K) + crossed graph to that explicitly shown in Fig. 2 there are diagrams with one
photon radiated by the virtual pion in the loop and the other
B*(D*)B(D) /B*(D*) B(D) emitted from theB*B* 7r, B*Bar vertices or both photons
emitted from these vertices, or both photons emitted from the
ks loop by thewrmyy vertex. In the limit of photon momenta

.~ . small compared to the pion mass, which we find to be a
FIG'.6' Loop graph foB (D. )—B(D)yy which involve both suitable approximation, the class of diagrams of Fig. 2 gives
magnetic and the strong couplings.

In presenting the differential decay distribution, we use Alos(B*°—B%y7)
the following variables:

_ @9p*BrUB*B* N
s=(p=p")*=(kitky)® " amm,,  rrserriadiktio)”

t=(p—ky)?=(p' +ky)?

1
X13(gyva+05v,) + W(ggkzx"‘ggku) -
u=(p—kp)?=(p’+ky)? (4.1 T

(4.6)
with
Finally other loop contributions to thB* —B+yy decay
come from diagrams where both the strong coupling and the
magnetic one are involved. There are diagrams with one
photon radiated by the virtual pion in the loop and the other
emitted from the ingoin@®* particle through th&*B* (B) y
vertices (Fig. 4), or from the outgoing particld* which

t+s+u=Ma,+M3, (4.2

wherek,,k, are the four-momenta of the two photons and
p,p’ are the four-momenta of the decayiBg and the final
B respectively. The allowed ranges feandt are

0=s<(Mg:—Mg)? t_<t<t,, becomesB through theB* By vertex(Fig. 5, or from theB
in the loop which becomeB8* through theB* By vertex
1, (Fig. ©).
ti=§[(MB*+M§—s) The_amplitude corresponding to Fig. 4 withBfB* y
vertex is
+ (M2, +M2—5)2—4M3, M2]. (4.3
Aﬁ)op(B*O_)BO'YV)
The amplitudes are given f@*°—B°yy and we shall _
remark on the changes appearingdii®—D°%yy whenever _ 11a(Mgx —Mg)gp+ B+ 79B* Bk .
required. The amplitude from the anomaly graph, mediated 167M é* ay?
by a pion, is
u o (p—ky)€3ks
0 0 _ aQp*pr N\ 1 X [kl(eB*'el)_el(eB*'kl)] a2
Aanomal)fB* —B yy)= \/§7Tf Gg* €1€gm t MB*
. (P—ky) €lk]
X €rrpKIKE(Ky k), (4.4) K (e - €5) — €8 e - k) ]2 AL]

u—M é*
where egx,€1,€, are the polarization vectors of the heavy 4
vector mesom8* and the two photons respectively. There are 4.7
additional contributions fromy, " which are not specified i . )
in Eq. (4.4). As we shall describe in the next section, their ~ The amplitude cgrrispondmg_to Fig. 4, wher&8aBy
contribution is rather small and we may safely neglect thenYertex replaces thB*B* y appearing in Fig. 4, is
at this stage.
For the tree level graph we find , o o 9“m37925*sw;
A opf B* 0 BOyy) = ————"—
’7Ta’_2 47M B*
—EyﬁaBEB*O'p,a
M3

€uvap€psV U,
Ayed B**—Byy) =
A eik1Pel ebk2Pe)

t—-Ma, u-M3z, |

4.9

e3ka(efki— fk]) | efki(egks— efkg)

t—M2, u—M2,

The amplitude corresponding to Fig. 5 wighin the loop
45 s
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Ioop( B*0— 8077)

3amigé*8ﬂ';
:—26,u.uapeg*(gnga'+gg'v 'y)
8mMg.
| (Pku)%ekzel  (P—ko)"erkie;
t—M2, u—M3,
(4.9
and the one witlB* in the loop is
Alsoop( B*0— 8077’)
2.2 -
_ 3am;Qgupx o1
=7
167Mg.
X eaﬁyﬁeg* v 567]a§p€,uva'7](gypv 7'+ QZUP)
(p kp)é(p— kl) e1€5k;
t— M
L (p—k )¥(p—ko) 7€l e;
2 2 1 2 (410)
u—M3,
Finally the amplitude corresponding to Fig. 6 is
Ioop( B*0— 8077)
-
1laggeg b+ -
=" 3 € va €gx
24nM3, HPTE
1 1
X| 3 (ki+ko) i ebkikE+ S p?
3 2
X [ ngg( el(rkz—’_ e-Ikl(r) + Gfkf( EZa'kV+ 62k20')]
(4.11

PHYSICAL REVIEW D61 054014

In theB* decay, the pions are the sole contributions in the
loop, while in theD* —D vy calculation we include both
pions and kaons.

Let us callA the sum of all the amplitudes:

A= Aanomaly+ Ageet AIoops

(4.12

where Ajqps is the sum of all the amplitudesﬁ\ioops,i
=1,...,6,which come from the loops.

The square of the above amplitude, when averaged over
the initial spin and summed over the final spins, is

1
AZ=3 2 |AP,

spins

(4.13

where we have included the factérin order to take into
account two identical particles in the final state.

The differential decay rate of photon energy is obtained
by integrating the following expression over the variable

t
f A2t

There is a major difference in the anomaly contribution of
theB* andD* decays. Since the® appears in the physical
region in theD*°— D% decay, we have to isolate the on-
shell 7° decay in theD*°—D%yy mode. Hence, for thB*
case we limit ourselves in the integration df'/ds to a
region which goes frons=0 up to 20 MeV away from the
pion mass.

Using now the physical masses Mfg«,Mg,Mp«Mp [4]
and Eq.(3.8) we obtain, for the decay rates 8 —Byy,
the following expression:

dr 1 1

ds (2m)° 32M3 419

['(B*—Byy)=(3.40< 10 692+ 1.53x 10" %g*+4.81x 10 g3+ 1.53x 10~ 3g* .+ 4.71x 10~ g u?

+9.81x 10 Mg* 2+ 2.65< 107 199243+ 1.38x 10 644+ 2.67x 10 1931, +2.90x 10 Vg u .

+8.94x 10" Xg* p , +9.11x 1072922, +7.21x 107 g %) GeV.

(4.195

As we can see this is a function of both the strong coupgrand the magnetic dipole streng,t_h;+ which represent the
effective ggxogo, andggs +g+, couplings. For thdd* —D yy we have

[(D*—Dyy)=(2.52x10 g2+ 5.85< 10 1%*+ 1.79x 10~ g3+ 4.43x 10~ HMg*p+ 1.30x 10 Ygu?

+3.50x 10" Mg? 2+ 2.42x 10~ 1392,

+2.11x 10" Mg* e, +1.70< 107 Hg2u?p , +2.05x 107 2g*u? ) GeV.

342.18x10 12,4+ 1.01x 10" Mgy, +2.95x 10" By,

(4.1
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In this case we can relate the magnetic coupling to the stronmerical analysis of our results, which will be given below.
coupling using the existing experimental informations onFor the charged decay&* *—B*yy andD* " —D " yy,
r'(D*°-D%0%: I'(D*°-D%)) of (61.9+2.9)%:(38.1 one has to consider also the bremsstrahlung emission which
+2.9)%, which gives rise to the relatiop=6.6g, and appears in diagrams of Figs. 3 and 4 and additional ones. The
[(D**—=D%*):I'(D**—D*y) of (67.6:0.9)%:(1.7 bremsstrahlung radiation comes from the initial or the final
— charged particles. To give an idea of this effect we have

calculated the part of the bremsstrahlung amplitude which is

ue to radiation from the find™* particle in the amplitude

** L (BYy) =BT yy. Itis

+0.6)%, which gives rise to the relation, =1.7g. Then
we can write the decay width solely as a functiorgpvhich

is a crucial step in the engagement of this decay as a tool f
measuringy:

I'(D*—Dyy)=(2.52x10 *g?+5.66x 10 g3+ 4.76

Kp! €.,..K5p:

BY _ pon_yna| ErpapiPy  €yuaphaPy

— 94 — 1045 Aprem=4Ta0p«p,€px €1€5P + .
X107°g"+3.64xX 10" g rem 7B (t—-M2)  (u—M2)
+1.53x 10 °g®) GeV. (4.1 (5.1

We used in Eqsi4.19), (4.16) the same notation qf, 14, This amplitude(and the ones given bB* * radiatior) has

for the magnetic moment strength in both the charmed angy pe added in order to get the full amplitude for tA&™
b-flavored sectors although they are probably not equal for g+, decay. An estimate of the bremsstrahlung decay
the phy_S|caI processes. However, since in the charm case thgdth, from Eq.(5.1) only, using for the unknowrggs«g,,
magnetic coupling has been related to the strong one, th@rtex a value leading t&' (B* *—B*y)=0.14 keV[34]
w, i+ Will denote in the rest of the paper the strength of thejeads to a decay width of~107° GeV for ki,k,
B*%" —B%"y transitions. _ _ =10 MeV, considerably larger than E(.15. The use of
The experimentally measured branching ratiosf  the charged3* *—B* yy thus involves a different type of
—Dm, D*—Dy lead to relations between,u. andg analysis in view of the relative size of the different compo-
modulo an unknown phase. We have allowed also for therents of|A(B* * —B* yy)|? and is less useful for a determi-
possibilities of negative relative signs amopgu, andg nation of g. A similar situation is encountered fdd* *
and as it turns out, this affects only slightly the numerical—D " yy. Thus, we concentrate here on the “safer” neutral
picture, due to the fact that the main contribution is given bydecays and we relegate the discussion of the charged decays
quadratic terms. In Eq4.18 we give for comparison the to a separate work, in which we consider the usefulness of

We proceed now to analyze the results on the two decays
I'(D* =D yy)aeneg= (2.52x 10" Hg? separately and we start witB*°—D%yy transition for

which the ratg4.17) was obtained.

1143 —9.4
+5.66<10 g°+4.70x10"°g The many theoretical estimates fgrwe mentioned in

—3.64x10 195+ 1.53 Sgc. [ll are spread over the range 02p<1 [we also re-
mind the reader that the experimental re$@R] on the up-
x 10" °g®) GeV. (4.189  per limit of I'(D* *— all) can be interpreted a$<0.71].

_ o . _ Using this range and Eq#&.17),(4.18, we can establish the
This ambiguity will be further discussed in the next sec-expectation

tion. The difference between the rates Bf and D* is
mainly due to the different phase space.

In discussing the two photon radiative decays, we shall
refer in the next section to the following quantities:

[(D*°-D%y)=(0.022--6.73 eV. (5.2

The most promising feature of the present analysis arises

. _F(B*°—>B°yy)_F(B*°—>B°77) when we use the existing experimental informations on
Br(B*—Byy)= I T(B~B%) [(D*°-D%%:I'(D*°-~D%) of (61.9+2.9)%:(38.1
(4.19 TABLE I. Predictions for the variouB* — D y+y decay for vari-
I'(D* °—>D°yy) ous values ofj [Eq. (5.5)].
Br(D*—Dyy)=———g——
ro*") _ Br(D) B Br(D*)
I'(D*°—-DO%y) g (n=6.60,u,=1.79) (u=-6.69,u,=—1.79)
T (D*°-D%)+ I (D*°=D%Y) (4.20 g=0.25 1.7 10°° 1.7x10°6
g=0.38 3.%<10°6 3.7x10°°
V. DISCUSSION AND CONCLUSIONS 9=05 6.9<10 ° 6.3x10°°
g=0.7 1.4<10°° 1.3x10°°
The formalism we have presented refers to the decays qf=1 3.3x10°° 209x10°°

the neutral heavy vector mesoB%°,D*°, as it will the nu-
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+2.9)% to transform Eq(4.20 into a ratio of I'(D*®  and the (61.92.9)%:(38.1+2.9)% relative branching ra-
—D%4y) to the totalD*° width which becomes propor- tio, we arrive at

tional to g2.

Usin

g I'(D*%— all)=(2.02+0.12x 10 *g? GeV. (5.9
1 g% .
F(D*°—>D°w°)=—g—|pw|3=1.25>< 10 %g? GeV , , ,
127 2 Thus from Eqs(5.4) with (4.17) we can obtain a branching
(5.3 ratio which depends onZgonly:
|
0.025+ 0.05%+ 4.7632+ 0.369%+ 1.53*) X 10~ °g?

Br(D*°—>D0'yy)=( L & & ") g 55

2.02< 10 “g?

With our model forD*°—D%yy, the measurement of this anomaly and of the graphs of Figs. 2 and 3. In Figs. 7 and 8
ratio will thus constitute a measurement of tpeoupling.  we present the differential distributions éfor g=0.7 and
Using again the accepted expectation of 626<1, we pre- g=0.25. In the latter, the contributions containing a higher

dict power of g are diminished and the effect of the anomaly
becomes visible in the higher end of the spectrum.
I'(D*%—DO%y) . Turning now to theB* —Byy, we have a rather different
Br(D*—Dyy)= T =(0.16-3.3 X10°". situation. First, there is only one major decayB3f, namely

B* — B+, which precludes an analysis like D* decays.
The branching ratio(4.19 depends on three parameters,

A few remarks are in order: first, the sign question. Theds+gs~ (O 9), Jg+0go0, (Or ) andggs +g+, (Or u™). At this
observed branching ratios do not afford to establish experiPoint, we rely on the theoretical estimates presented in Sec.
mentally the sign ofj/gp«opo,. On the other hand, there is Il and cgnstram our analysis to the regions given by existing
theoretical support from the analysis of Stew@®] on the  calculations.
positive sign of this ratio. However, even if we assume op- Now, an inspection of Eq4.16 shows thatu , , which
posite sign for various pairs of the couplings, we found tha@ppears only in diagram of Fig. 6, has a very little effect on
the changes are rather small, and this is explicitly exhibitedhe rate, whetheg, ., are at the lowest or at the highest end
in Table I, and included in E(.6). of their value, for any value of. Hence, we continue our

The differential distribution in thes variable can also be analysis in the parameter space{gfx] only.
used to learn about the value gf due to the fact that the ~ In Table Il we present the values of Bt —Byy) for
different contributions depend on different powersgofFi-  different values ofgy and the two extreme values pf, cor-
nally we remark that the contributions from the diagramsresponding td’(B*—By)=40 eV and 1 keV. Again, as-
exhibited in Fig. 4 are rather small, as a result of two heavysuming that relative negative signs are possible we give in
propagators. The main contributions are those of thdhe last column the branching ratio far=—2.2. Clearly, a

(5.6

701 1.2}
65}
1.15
EGO F g
g i 11}
1.05
50
45 ) X ) ) . . . . . L e
i 4 6 8 10 12 2 4 6 8 10 12
s (10%-3 Gev~2) o . s (10"-3 Gev~2)
FIG. 7. The differential decay widtdl'(D* —D yvy)/ds (eV) FIG. 8. The differential decay widtdI'(D* —Dyvy)/ds (eV)
as a function of with the valueg=0.7. as a function of with the valueg=0.25.
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TABLE IlI. Predictions for the variou8* —Bvyy decay differ-

ent values ofy and u. 0.2
g Br(B*)(u=2.2) Br(B*)(x=11.0) Br@*)(u=-2.2)

0.15
g=025 3.1x107 1.9<10°° 2.4x10°7 g
g=0.38 1.%10° 2.2x10°8 9.4x10°7 .
g=0.5 3.7x10°® 2.9x10°© 2.7x10°® ‘i 0.1
g=0.7 1.4<10°° 5510 ° 9.2x10°° 3
g=1 4.8x10°° 9.0x10°© 3.8x10°°

o
=3
@

branching ratio in the 10'—10" 8 range will not allow one to
pinpoint accurate values for the two couplings.

Nevertheless, if the branching ratio turns out to be in the 03 Ai X T :
10~° range, it can only be caused by large valueg,oay s 0T e
g>0.6. FIG. 10. The differential decay widtrdl"(B* —Byv)/ds (eV)

We wish also to mention an additional scenario: the as a function of, with the valueg=0.5 andu=5.7.
coupling will probably be measured directly D* decays,

or indirectly from Br(0*°—D°yy) or other methods. With We calculated therefore only ti&* 2— B2y decay, and
this knowledge, BB*°—B%yy) becomes a function of the situation is quite similar to that encounteredsif® de-
gg+ogo,, only and it could provide the desirable measurementay; therefore we do not repeat this analysis here.
of this coupling. This is a very interesting iSSUE, since as Before Conc|uding we comment on a few points which
pointed out already some time agj@6], there is no other \yere neglected in our treatment.
possibility of measuring the width of thB* —By decay (1) We calculated also the contribution to the anomaly
with presently known techniques. term of a virtualn exchange for th®* —Dyy decay. The
In Figs. 9, 10, and 11 we give the differential distribution inclusion of  modifies our result in Eq4.16) by a factor of
of dF(B*—>Byy)/d§ for g=0.5 and three different val.ues (14 9p+p /1000 p) - SiNCEYp+ b, aNdGp+ b, are expected
of u. Clearly, onceg is known one may use accurate differ- to be comparable, this is a small effect.
ential distributions to distinguish between differenvalues. (2) We neglected the off-shelj?> dependence of the
At this point we also wish to make some remarks on theanomaly which could have some effect, especially indife
similar decays of the strange heavy vector mes®§  decay. This should be included in a more detailed treatment.
—B2yy andD?¥*—D/ yy, which were not mentioned so  To summarize, we have used the heavy meson chiral La-
far. In both these cases the pion anomaly is further supgrangian to present the first treatment of the r&°
pressed, sinc8:°—B27%,D* " —DJ #° can proceed only —B%yy, D*°-D%y. The decay rates depend on the
by isospin violation, e.g., viaj—m° mixing. On the other stronggg+g..dp*p, couplings and on the strength of the
hand, both decays can proceed via chiral loops with chargeshagnetic dipole transitiongg«g,,Jp*p,- The strong cou-
K mesons in the loopB* SH(K+B* _)*)Bg’y’}/ andD* ] plings are expressed in the chiral Lagrangian by the strong
—(K*D*%—D/yy. However, one must add that for axial couplingg.
D* D yy there is the complication of the bremstrahlung  We have shown that BE*°—D%yy) can be given as a
S S

and we shall disregard it here. function of g only, and as such, it would provide an appro-
1.4}
0.1
1.2}
0.08 1
:0 06 :0'8
S X
2 20.6
<] Q
T0.04} L]
0.4
0.02}p
0.2
0.3 1 5 ) 05 1 1.5 2
s (10°-3 Gev~2) o s (10%-3 Gev~2)
FIG. 9. The differential decay widtil'(B* —Byvy)/ds (eV) as FIG. 11. The differential decay widttdl" (B* —Byy)/ds (eV)
a function ofs with the valueg=0.5 andu=2.2. as a function of, with the valueg=0.5 andu=11.0.
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priate tool for its measurement. For the conventionally enthe “measurable” range, it will be of great interest to check
visaged range 0.25g<1 we calculated 1810 ®  the HMyL relationgg«g, /Jp«p,=Mg/Mp.
<Br(D*°—D%y)<3.3x10 °.

On the other hand, BR*°—B%yy) is a function of
Jg+Bn~,Jp*0g0, aNdgp«+g+,. The latter coupling has little
effect on the branching ratio. Nevertheless, one cannot deter-
mine specific values for the first two couplings from the
measured branching ratio, unlegs in the higher part of its marks and stimulating discussions. We also acknowledge
expected range, say 0-4. discussions with Dr. Simon Robins, Dr. Yoram Rozen, and

The differentialdI’/ds distributions in both cases can be Dr. Shlomit Terem on the feasibility of the relevant detection
used as additional help for extracting the values of the couexperiments. The research of P.S. has been supported in part
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