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AbStmct：Staning from the low energy e艉ctive H枷iltoni肌for肛aIlnillilation，we derive the e艉ctiVe蛔giaJl for weak aIlni‘
hilation bremsst瑚山lung pmcesses at tlIe quark level and then apply it t0 the mdiative weal【annillilation decays B_+D矗)7·coⅡ卜

padsons with otIler predictions are als0 given．0ur results indicate tllat tllese decays 8hould be detected at曰一fact耐es and
LHC·
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辐射弱衰变B_，D 0)y的研究

郭立波

(南京师范大学物理科学与技术学院，江苏南京210097)

[摘要]从形湮灭的低能有效哈米顿出发，在夸克层次对弱湮灭辐射跃迁过程导出了有效拉格朗日，然

后用于计算弱辐射湮灭过程B—D0)7，并且与其他模型预测进行了对比，结果表明这些衰变道可在近期的

B工厂和LHC上被探测到．
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O Introduction

In the fbrthcoming years，more

the B—factories．Inore and more eVer

and more data of B decay processes wiU be available at TbVatmn，CLEO
and

regarded rare decays。f曰mes。n with bmnching rati。s。f
10～。r 10～are

possible to be measured，bring the necessity
of estimating these decay pmcesses in adVance· In

thls p印er，we

focus on the radiative weak annihilation processes B-+D?y and B_D+7，collectiVely_8一D 0)7 decays-

These decavs were first studied as a pmbe of圪6 in Ref．[1]and the bmnching ratios were estimated to be

4×10—5 for B—}D。+7 and 2×10“for曰—}D+y．At the same time，as two
radiatiVe weak annlhllatlon processes，

thev weI．e also investigated in Ref．[2]and the calculated branching mtios are 1×10—7 and 7×10一’f．or
B_

D?v and B—}D+y，respectively．There exists vast diH’erences between these
two predictions．To clarify which is

of the coⅡect order，we argue that me eff．ectiVe La铲an西an method developed by Cheng[3|，which works
weU when

both init五Il and final hadrons contain a heavy quark，is applicable to these pmcesses and use t王le
factodzation hy。

p。thesi[4l，which is kn。wn t。w。rk weU for n。nlept。nic
weak decays of heavy mes。ns，to eValuate the

hadronic

matrix elements and decay amplitudes． Our results faVor the later．

1 Local Effective HamiltoIlian for曰—国0)y Decays

At the lowest level，these decay are induced only by weak矸Lannihilation diagmm(Fig．1)with the
emitted

ph。t。n c。upling t。any。f tlle charged 1ines．Because
the diagram with the ph。t。n emitted f如m the矸Lb。s。n
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suppressedby a faet。r GP，we c。nsider。nly the case with the ph。t。n
6

emitted f而m quark lines．

The QCD con．ected eⅡ．ective weak Hamiltonian

pI．ocesses 6“——}l筘(g=d，s)is舀ven by

‰=罢‰y二(c。o，+c2D：)
^，厶

w；th

for W．，．annihilation

(1)
Ⅱ

ng．1Ⅳ-棚mihila矗伽diagram

D，=(动)～(弓c)，小D：=(五c)，一。(和)Ⅲ (2)
At the 8cale肛3 m6，the ren。maliz砒i。n scheme independent wils。n c。ef!ficient functi。ns c1 and c2 take[5，6]

Cl=1·150 2， C2=一0．312 5 (3)
eml8810n proce88 6配—斗gcy，me amplitudes mediated by the叩erafor q(Fig．2)are(up co a

吐‘“e：∽再亡刁Ⅵ％地；m(1强)坼
～啊。矿矛去刁”强h砑阳吩)M。气

卅一硒∥(1确h砑触吩’再古∥咿p瑙一e“、∥(1-yshⅣi南门％)M。气
卅2 eec五y(1确’i却咖m(1确)M。气

where七and 8 a№t}le phot。n m。mentum and p。larizati。n vect。r，respectively．similady the

by the。p啪tor。z(Fig-3)盯e(up t。a factor老‰y二G)
簏一五矿历士了”哺)如执(1哨地气ee6研"飞)忐矿u藏以1啪地气
ee。ug矿(1 一弘)u6叱矿 i了表刁”(1
eP。Hqy”(1一y5)比6；。y。(1 一y5)

一y5)∥。气

刁jF∥口。气一≯。一石一m，7“。c=p

(4)

amplitude8 mediated

(5)
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Ⅱwe pammeterize the quark momentum in te珊s of their velocities as done in Ref．[3]

p6=m6口，p“=mu口，pq=mq移’，pc=mc秽’ (6)

here the light quark mass appearing in(4)，(5)and(6)are 0f山e constituent type．ObViously，this paramete卜

ization(6)does not provide a complete description of the FbnIli motion inside the bound state but just aVemge

ef玷cts，however as will see later，it does eliminate the photon’s coupling to the conVection cuH℃nts and makes

the ea’ective interaction local and gauge invariant．Therefore，it greatly simplifies the caLlculation．

me parameterization舀ven in (6)， we find that the contributions f．mm the convectional cun．ents add up

to zem，and the锄plitude arises entirely f而m t11e magnetic moments of the quarks．Then we haVe

名。=镅+彩：+彳i+卅

2

mi一 [e尝。一蜥叼确地州1-ys减唧
一ea警∥(1-ysh计触哺)∥咖a气

一e。》y(1_7s地；。∥¨羽啪)嶙

+ec缸y”吩)∥咖五y羽吩减气]
镌=麓+卅+瑙+卅

2 2

mi—m， [e。等。∥蜥Ⅵ啪减州1_ys地气
一ea静∥(1吩)∥咖五y小强地气

一e。》y(1-ys)M藏∥¨羽吩地气

托摹y即强心州1强)∥即。气】
where mf=m6+m。and 7～=m。+mg．After Dirac algebra operation，the results

caIl be

e

疵一m；

simplified as

{(e。薏+e。老)(屯+i‰)+(e。薏+ea薏)(‘一i‰))
五q矿(1一y5)口。移。y”(1一y5)M6

m；一m； {(e。薏+e。老)(丘+i‰)一(e。薏+ea老)(‘一i‰))

(7)

(8)

五。矿(1一y，)M。；。y”(1一y，)口。 (9)

From the above discussions，we can find that the e珏bctive Hamiltonian for photon emission pmcess 6u—}gcy can

be written as

where

Q1．2= 2 2

mi—m，

甄(6I_q；y)=老％K(ctQ，+czQz)

{L[(e。薏+e。老)±(e。薏+es薏)】

+i‰[(e。老+e。老)干(ec薏+ea老)】
Dl删=弓矿(1一y5)c_iy”(1—75)6

D2删=弓矿(1一y，)6五7”(1一y5)c

(10)

(11)
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兑；÷‰筇F哨 (12)

2 Decay Amplitudes

Tb calculate the hadI．onic matrix elements and the decay amplitudes，we use the factorization method[4]．

Then the decay锄plitudes can be written as

e

2 2

i一吁
<D0)l；讫(1—75)c o><o I五y。(1一y5)6 B>

×{弘【(薏+杀)m，+(薏+卺)mf]+i∥【(老一老)吁+(杀一老)mt])
Using the expression for one-body matrix elements

<o I 4。f P(p)>=0：p肛， <o i屹I y(p，叩)>=以my叼p
therefbre

<D0)l qy灿(1一y5)c l o><o I u7。(1—75)6 B(p)>=一／’丑厂D^)MD^)叼∥。
then the decay amplitudes can be written as the fbllowing gauge inV撕ant fb瑚

／彩[B(p)—，D五)(q，叼)7(后，8)】=i铀∥叩■“南％(后2)+(占。竹p·忌一s’忌叼‘pl疋(七2)
wjth

wheI’e

^=K喙老)鲁+(
五=K峙一鲁)等一(

K：肇粤
√2 m；一mD^)

3 N瑚nerical Results and Discussion

e。 e6＼1
瓦+i川

e。 e6＼1

i—iJJ

(c，+走cz)％％舶^，

The decay width implied by the锄plimde(1 6)in the B rest fI．amework is giVen by肿枷新)=去半(⋯2“12)
In order to get the nume矗cal results，we ad叩t the fbll佣ring parameters

(1)Meson masses(GeV)¨1

m口=5．279， mDj=2．11， mD。=2．01

(2)Constituent quark massesLjl

m。=338 MeV，md=322 MeV，m。=510 MeV，m。=1．6 GeV，m6=5 GeV

(3)Decay constants of mesons(GeV)

厶=170，厶j=200，厶+=200

(4)CKM matrix elements

‰=3．08×10～，秽cd=0．22，圪=0．974 5

where y西is chosen f而m y乙亿I～3×10—3 as done in Ref．[1]．

(5)Choices of札

In QCD theory，Ⅳc

ization effects，here札is

(13)

(14)

(15)

(16)

(17)

(18)

(19)

=3．Because we use the factodzation met}10d and do not take into account the non—f．actor—

regarded as a phenomenolo西caLl parameter and takes three dif托rent ValuesⅣ。=2，3，∞

as done in hadronic曰meson decaysf8—10]．
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f6)“fetime of曰mesonl
7 J

下(B一)=1．65×10-12s

Our numerical results are coUected in Table 1．For comparisons，we also give the predictions available．

T曲le l Br柚chiIlg m6惦明l饥lated by Eq．19

Decays M=2 Ⅳc=3 Ⅳc=* Ref．[1] Ref．[2]

From our numerical results we can see t}lat，no matter the value ofⅣ。，the estimated branching ratios are o±

the order 10—8 and 10一7 fbr曰——÷D+y and B—÷D。+7，Iespectively，which agree with Ref．[2]despite a very dif-

ferent calculation method，and are very dif南rent f而m Ref．[1]．Therefore we can conclude that the results of

Ref．[2]may be of the Iight order．As discussed in Ref．[2]，tllese decays may be detected at the曰一factories

and Large Hadronic Collider(LHC)，we wait the experimental observation． Once obseⅣed，these decays will

present an interesting probe for CKM matrix elements K6 as discussed in Ref．[1]．

In conclusion，using the e珏bctive Lagrangian method and the factorization hypot}lesis，we eValuate the decay

branching ratios曰_÷D(，)+y and collfi瑚tlle results of Ref．[2]in a totally different method．
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