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l. INTRODUCTION (O] ps|Z)y="fsus, 6)

Heavy quark effective theoryHQET) [1] provides a fos
framework to study the heavy hadron spectra and the transi- (0] n§*|2*>=iu’§* , (6)
tion amplitude with a systematic expansion in terms of V3
1/mqg. Using the light cone photon wave functigRWP),
radiative decay processes such Bs:lvy, B—py have whereuf, is the Rarita-Schwinger spinor in HQET. In the
been studiedi2—6] with QCD sum rulegQSR) [7]. Recently  leading order of HQETfs=fs« [11].
a similar approach was employed to analyze the couplings of The coupling constants; are defined through the follow-
pions with heavy hadror$]. In this work we will study the ing amplitudes:
radiative decays of heavy baryons and the lowest three dou-
blets of heavy mesons using the light cone QERQSR M(S.—Acy)=ienuy ot'q,e,Us )
[9] in the leading order of HQET. With LCQSR the con- ¢ ¢
tinuum and excited states contribution is subtracted more —
cleanly, which is in contrast with the analysis of meson ra- M(35—Acy)=i€m€,,apun ¥y q"€ Ul 8
diative decays using the external field method in J$&. ¢
The LCQSRs for the radiative decays of heavy baryons are . —
presented in Sec. Il. Section Ill discusses radiative decays of M(2E—Zcy) =i n3€unapls,¥"d eﬁugg ’ ©
lowest three doublets of heavy mesons. The following sec-
tion is a discussion of the parameters and the photon waweheree, andq, are the photon polarization vector and mo-
functions. The last section is the numerical analysis and anentum, respectively, anglis the charge unit.
short summary. In order to derive the sum rules for the coupling constants

we consider the correlator

Il. RADIATIVE DECAYS OF HEAVY BARYONS

We first introduce the interpolating currents for the heavy f d*xe™ X y(q)| T(75(0) 75(x))|0)
baryons:
1+l; a~fB.,, o ’
720 = €apd UT(X) Cy5d°(x) I5(), (1) =5 N ¥5€upr €70 Gy (0,0,
75+(X) = €and UZT(X)C,,8°() 1 7 y5h2(%), (19
2
f d*xe” X y(a)| T(74.(0) 7,(x))|0)
77§++*(X):Eabc[uaT(X)C'yyub(x)]
1 4o 1
X —g{“}~|— §'y{"'ytv> hE(X)' (3) :e(eaqv_evqa)T _gt + §’Yt Yt
X €,050€°qPV 7Gx p(w,0"), 11
wherea, b, cis the color indexu(x), d(x), h,(x) is the up, pe seal ) 1y
down and heavy quark field3, denotes the transposg,is o
the charge conjugate matrixg{’=g""—v*v”, /=1y, f d*xe™ ™ X ()| T (74 (0) 5(x))|0)
—vv*, andv* is the velocity of the heavy hadron.
The overlap amplititudes of the interpolating currents 1+ 1
with the heavy baryons is defined as =e—— 737’5( -+ 57{‘7&”)
<O| 7]A|A>:fAuA! (4) X(eaqv_evqa)GE* ,E(wvw/)- (12)
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where k'=k-—q, qM q,—(q-v)v,, 0=2v-k o'=
2v-k’ andg?=0.

Let us first consider the functionSs ,(w,w’) etc. in
Egs.(10)—(12). As functions of two variables, they have the

following pole terms from double dispersion relation:

!

—4infsfy
(2As— ') (2A ,— o)

— + = , (13
2As—w' 2A\-w
C/
+ - 1
—w' 2A\-w
(14

Cc
2KE*

fsafy
0 )(2A\— o)

V3

(2Asx—

C’
+ - 1
o' 2As—w
(15

fz*fz C
2Asx—

47s
V3 (2Ass—0')(2As— o)

wherefs«, etc. are constants defined in E¢4)—(6), /TE*
=My —

Keeping the two particle component of the photon wave

function, the expression foGy» (w,»’) with the tensor
structure reads

—Zf dtJ dxe K*§(—x—uot)
0

X Tr{[C{¥(q)|u(0)u(x)|0)"Cy,iS(—X) ys]
+[CiST(—x)Cy, N ¥(@)|u(0)u(x)[0) 51}, (16)

whereiS(—x) is the full light quark propagator with both
perturbative term and contribution from vacuum fields:

iS(x)=(0| T[q(x),q(0)]/0)

X (qaq) x* —
2772)(4—?—@((1950 Ga)
1 (1 |x
'95@2 du FmG(ux)

Xy
—4IUFG“ (ux)y, + (17

The light cone two-particle photon wave functions E2é
Y(@)[a(x),,4(0)[0)
[
= ieqe<qq> fO dUéqu{(e,uqv_ evq,u,)

X[ xp(u)+x2g(u)]+[(ax)(e,X,—€,X,)

+ (ex)(xluqy_xvq,u) - Xz(e,uqv_ evq,u):IQZ(u)}’
(18
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(¥(@)|a(x) ¥,,750(0)|0)

f

=2 (19

1
eqee,m,,,e”q”x"f0 due 9y (u).

Because of the choice of the gaug’eAM(x) 0, the path-
ordered gauge factoP exp(lgsf dux*A,(ux)) has been
omitted. Theg(u),¥(u) is associated with the leading twist
two photon wave function, whileg,(u) and g,(u) are
twist-4 PWFs. All these PWFs are normalized to unity,
[iduf(u)=1.

Expressing Eq(16) with the photon wave functions, we
arrive at

_(eu_ed)

o 1
Xj dtf dué(lfU)(thZ)eiu(w’uz)
0 0

G+ pA(w,0")=

_ 1 1
X <QQ>[WX¢(U)+—2t

X (g1(u) —ga(u)) |+ 57 t(u)t

— 2 _
x| {aa)+ 7¢lagso- Ga)

(20)
Similarly we have

Gy a(w,0")=Csx p(0,0), (21)

Gy« s(w,0")=(e,+€ey)

o 1
Xf dtf dué(lfU)(thZ)eiu(w’t/z)
0 0

(qq)

f
X[4 2tzl/f(U)+ 6

— 2
x| {qa)+ E<qgso~Gq>)

X[ x(u)+t2(g1(u) —ga(u)]{ +
(22

where (qq)=—(225 MeV)’, (qgso-Gq)=m3(qq), and

m3=0.8 Ge\’. For large Euclidean values of andw’ this

integral is dominated by the region of smiltherefore it can
be approximated by the first a few terms.

After Wick rotations and making double Borel transfor-
mation with the variables andw’ the single-pole terms in
Egs. (13)—(15) are eliminated. Subtracting the continuum
contribution which is modeled by the dispersion integral in
the regionw,w’ = w., We arrive at
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1
mfsfr=— W(eu_ eq)aetx AT

X

We
X¢(U0)T4f3<?) —4[g1(up) —g2(up)]

2e | @c 272 mg
XT fl ? +Tf¢(u0) 1_ﬁ , (23

3
Nofsafp= __64774(6”_ eg)aelrzx TANT

X xp(Uo) T3

W
?) —4{g1(Ug) —92(Ug)]

e | @c 2772 m(z)
XT fl ? +Tf1,//(u0) 1_ﬁ , (24)

3
Nafsxfy :W(eﬁ eg)ets FASIT

3¢ | @c a? mé
X f(ﬂ(Uo)T f2 ? _W 1—ﬁ2

X

|

(29

[OR 4
X¢(U0)Tf0( ?> - ?(gl(uo) —02(Up))

where f,(x)=1—e *S]_ x¥/k! is the factor used to sub-

tract the continuum,w. is the continuum thresholdu,
=T /(T1+T,), T=T,T,/(T;+T,), T,,T, are the Borel

parametersi= — (27)%(qq). We have used the Borel trans-

formation formula:lAS’LToe"“"z o(a—1/T).

Due to the heavy quark symmetrh\s=As+ and fy
=fy+ in the limit mg—<. So from Egs(23) and (24) we
have 7,=37;. For the decayss*°—-3%y and 3***
—37 "y, we need make replacemem, (- ey) — 2€4,2€, in
Eq. (25).

Ill. RADIATIVE DECAYS OF HEAVY MESONS

We shall confine ourselves to the lowest lying three dou-
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Je =\ﬁﬁ a3 =\/EF
1,-.1/2 2 v Yt 4 0,—,1/2 2 v Y54,

T _ 1 ta _ 1 5. «a
Jo+ 12= Ehuqa J1,+,1/2—Ehu7 7 9-

(28)

(29)
(17,29 —=(0",17)+y

The decay amplitudes are

M(B,;—B*y)=e.e€ vep 7,

X[[eyvﬁoqta_'—(QHB)]qtyng(BlvB*)

+

1
6lwﬁ<r( grdy — gqf’g?”) - (wm}

X g5(B1,B*)+ €,45,95(B1,B* )} , (30

where the tensor structure associated vgjﬁ(Bl,B*) and
g%(Bl,B*) is symmetric and antisymmetric under the ex-
change of &« B), respectively:

1
M(B;—By)=e4ee; na[ aiaf— 39’ )

><gD<Bl,B>+g?Bgs(Bl,B>], (31)
M(B3 —By) =€4€€}74,0,d,0 ol €717, 2
+(a;—a5)]9p(B3 ,B), (32

M(B3 —B* ¥) =€4€7a,a, 75

x{eﬁ

@12 1 2102
qt qt _§qtgt

X gb(B% ,B*)+

o a 1 [e3
e 1(qf’qt2— Fa79! 2)

+ (o ay) |gp(B ,B*)

blets and consider all possible radiative decay processes

among them in the leading order oind4 expansion. Denote
the doublet (1,27) with j,=3/2 by (B,,B}), the doublet
(0%,1%) with j,=1/2 by (By,B}) and the doublet (0,17)
by (B,B*).

The interpolating currents are given|[ih2] as

JTa =\/§F 5(_i) rDa_E ap
1,+,312 2y t 3N 114,

Jlevaa_ \/Eﬁﬂ ap @2y O‘ZDal_z D))
2+32- N5 | Y PP T 30 ¢/
27

(26)

+[e1g;? + (a1 ) 19s(B} ,B*>],

wheren,,, 7, ande, are polarization tensors for state$,2
1", and 17, respectively, anege is the light quark electric
charge.

Due to heavy quark symmetry, there exist only two

independent coupling constants for the D-wave and S-

wave decay respectively. Legy=gp(B5.,B) and g
=—gg(B3 ,B*). Then we have

G

6
793(513*):%93(51,3):95: (33
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V6

1
—95(B1.B*) =605 (B1,B*) Gaf - 112f + 5= gt -2 s

6 a
=\/7—gD(Bl,B) Xifuolﬁ(uo)"' 5,240

1 We

=—505(B5 .B*)=g5(B3 ,B*) X x¢<uw1fo(qr)
=0d- (34

The above relation is confirmed by our detailed calculation.

For deriving the sum rules for the coupling constants we
consider the correlator Osf - 12f + 32= —

2
X[ wmm4%4¢)

4
- f(gl(uo) —J2(Up)) ) ,

1
% A1t Ay 3T

fd&em“%@WUmwdm%+m x))|0)
du?

1
=eqe[62(qt“qt—§qtzg?ﬁ)G313(w,w’) a[ d?(ue(u)) f< )
2772{ du? 2T

*x S ’
+ef “Gg g(w,0 )]- (39 dz([ugl(u —ugy(u)])

du?

|

The functionsﬁgig(w,w’) in Eq. (35) have the following

double dispersion relation:
XTfq

i

u=uqg

f_ 1f 1 3290,5(B1B) N c
(2A_ 1o~ 0")(2A 4 3p—w)  2A_ 1o’
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(40

(41)

Here we have used integration by parts to absorb the factor

C/
+_—,
2A 1 g w

wherexp'jlzmp'jl—mQ andfp ; are constants defined as

(9-v)?, which leads to the second derivatives in Efl). In

(36)  this way we arrive at the simple form after double Borel

transformation.
(07, 1) —=(07,1)+y
There exists only one independent coupling constant, cor-

responding to S-wave decay. The decay amplitudes are

(017%; O} ", P i) =Tpy )y Sppr 8y 5 ™ 0.
(37)

Applying the same procedure as in Sec. Il we obtain ~ Wherez, is the polarization vector dB; .

6 (= 1
Ggls(w,w’): _\2/_;J0 dtfo dué(l—u)(wt/Z)

t
><elu(w t/Z)U[ u)+<qq>

M(B1—By)=eqee7,9s(B1,B),

M(B—B* y)=eqsee’esgs(Bj,B*).

M(B;—B* y)=eq.ee*’“Pe v, 7,€e505(B1,B*), (42

(43

(44)

The proces8,— By is forbidden due to parity and angular
momentum conservation. Due to heavy quark symmetry, we

5 have
X[ xé(u) +t5(g1(u) —ga(u)) ] +
(B1,B*)=0s(B1,B)=—0s(By,B*)=0;. (45
38) gslby Jslb; Js(bg O1
We consider the correlator
S ’ 2 2~D ’
GBlB(w!w ):_gthBlB(wvw )
[ e X1 TG0. 120131 1000I0)
1
G w')?’G] s(w,0). (39 =eqeeﬁGBSB*(w,w’), (46)
Finally we have where
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1_
Gpyex(w,0")=—7(d4)(d-v)

® 1
X f dtf dué(l—u)(wt/Z)eiu(w't/Z)
0 0

X{xp(u)+t2gs(u)}+--- . (47)
A (A A, )T
g1f—,1/2f+,1/2:167729 T A2T 112
d¢(u) 2 wC
X[X du |7
dg;(u)
—a— 1 } ) (48)
Ufuo

(17,27)—(0",1%) +y
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f d4xe‘ik‘x<7r(q)|T(J§'+‘1,2(O)J;i1“;§2(x))|0>

(23 (23 1 a1
— e e€ (qt 9,2 - §Qfgt1 2)

+ (a1 ay) (54

GB;B(’)((U,H)'),
where
' 1—
Geypy(@,0")=~5(dd)(q-v)
o0 1
xf dtJ dud@-u(et/2)
0 0

X U@ 2yuly p(u)+t2gy(u)}+-- -,
(55

There exists only one independent coupling constant, cor-

responding to P-wave decay. The decay amplitudes are

1
M(Bl—>Biy)=eqenan’ze,t[ (qt“gf"— gq{‘gf“‘)

+(ae B) |gp(B1,B})
+<q?gfﬂ—qu?“>g%<81,89], (49)

M ( Bl_) B(,)‘}/) = eqee,u(rvanae* 7 UquP(Bl ’ Bé),
(50)

[e3 o 1 a1
M(B% —Bgy) =eqee*”7/ala2[ ( a;'e " - z a0 2)

+ (a1 az) [gp(B3 ,By), (51)
M(Bz_)B:,I_‘Y):eqee,ua'pﬁn,ﬂe*’unalaz
a1 2P 1 P12
X qt gt _§tht +(a1(_>a’2)
X gp(B% ,B)). (52)

Due to heavy quark symmetry we have

V6

3 gllD(BlyBi): \/EQIZD(BLB:,[): \/EQP(BLB(I))
=gp(B3 ,B)=0p(B3 ,B1)=0,. (53

We consider the correlator

ey 12t Ay 3/ T

a
9of 4 10f 4 30= 30772

d ¢
X{X (ujL(JU))Tzfl(wT)

d(ug,(u))
4 du ]

(56)

U:UO
Bi—> Béy
(57)

M(B;—Bgy) =e4e€*" 7,€50,0,9s.

In order to derivegs, we consider the correlator

f d*xe " X y(@)|TWo.+,12(0)31% 122))]0)
:equaMV(rquVvUGB:rlBé(a)’w'), (58)

where

i [ 1 S
GBiBé(w!w,):Zfo dtJO dué(l—u)(wt/Z)elu(w t/2)

. B
x| 5 0w+ (@A) xa(w)
H2(gy (W) —go(uD] oo, (59

gsf % 1= %QZA*'”Z/T( —fy(uo)

a wWe
+ ﬁ[)ﬂﬁ(uo)"—fo(?)
4
- f(gl(uo)_gz(uo)) } (60)
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BBy Gprp,(@,0")=—I \1/—§J':dt Olduei(lfu)(w“z)
M(B* —By)=e,ee™ " ¢,40,,0s- (6) _
In order to deriveg,, we consider the correlator Xeiu(w’tlz)u(l_u)[ - %W(WHEQ)
fd“xe—'k (Y (@)|TWo- 120) 1% 15(x))]0) X[x(u) +13(g1(u) —go(u)] | +
=e.ee*"7e,q,v ,,Gprp(w, '), (62) (67)
where gsfi,a/zzl_g e?+32/Tug(1—up)

Ggrp(w,0")=~+ J dtJ dudl-u(wt/2)

x| )+ 5 [Xd’(uo)Tfo(?c)

(0't/2) 4
xet w(u)+(qa) — 7(81(Uo) ~ ga(Uo)) } (69
X[x(u) +t2(gs(u) —ga(u)]f+- - - . IV. DETERMINATION OF THE PARAMETERS
(63 The leading photon wave functions receive only small

corrections from the higher conformal spif] so they do
Note this coupling was calculated 8] using LCQSR. But not deviate much from the asymptotic form. We shall /e
there the contribution from the photon wave functig(u)

has not been taken into account: ¢(u)=6uu, (69
) 1o o a H(u)=1, (70)
=_—_g2A_y —

94f% 1 2 (f:p(uo)+ 52 .

gi(u)=—zu(3—u), (71)
o) 4 8
X X¢(U0)Tf0(?> - $(91(U0)_92(Uo)) }

1_
(64) ga(u)=— Z“ (72)
B> —B1y with U=1—u, f=0.028 GeV, and y= —4.4 Ge\? [13] at

the scaleu=1 GeV. Using this value of, the octet, de-
M(B3 —B1y)=€.€e™“ 7,0,V 4 Naya, cuplet and heavy baryon magnetic moments have been cal-

culated to a good accura@m—lﬂ.

We need the mass parametdr's and the coupling con-

a1p aja

X19,74, (2+ gazpqt gt af stantsf’s of the corresponding interpolating currents in the
leading order ofag as input. The results afd1,8|
Bapa af _
X (209" + 97" at)gs- (€9 A,=0.8 GeV, f,=(0.018:0.002 Ge\?,
In order to derivegs, we consider the correlator K2=1.0 GeV, fy=(0.04-0.004 Ge\A. (73)
aja — /2
f d*xe X ()| T . 3(0)3,722,(%))|0) At a2=082 GeV, f,4,=0.1950.03 GeV"?,
=e,ee™"7e,q,0, A, 1p=11 GeV, f,,=040+0.06 GeV?,
gtalpqtz_i_ gazpqt gtalC“Zq A/T,’:L/z: 0.5 GeV, f,y1,2=0.25 GE\?IZ. (74)
pa o\ aBop We choose to work at the symmetric poihi=T,=2T,
X (2afgf"+9{"qf {)Geye,(@,0), (66)  je. us=1. Such a choice is very reasonable for the symmet-
ric sum ruleg25), (60), (64), and(68) sinceX.} andX ., and
where the three meson doublets are degenerate in the leading order
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0.0014 0.0008

— w,=2.6GeV — w=2.6GeV
0.0012 ey 0.0007 ey
0.001
& 0.0008 ///—/
= /
& 0.0006 T e
0.0004 0.0002
0.0002 0.0001
0.0 0.0
09 12 15 18 2.1 24 27 09 12 L5 18 21 24 27
T T
FIG. 1. Dependence off,7; on the Borel parameteF for FIG. 2. Dependence d fy 73 on T with w.=2.6, 2.5, and 2.4
different values of the continuum threshaedd . From top to bottom GeV.
the curves correspond ®©.=2.6, 2.5, and 2.4 GeV.
nafs«fy=(3.9£0.5X10"* GelP, (76)

of HQET. Moreover, the mass difference betwegh and
A is only about 0.2 GeV. The (01") doublet lies only  where the errors refer to the variations witrand w in this
slightly below (1",2") doublet. Due to the large values of region. And the central value correspondsTie-1.6 GeV
T,,T, used below, the choice af;=T, is also reasonable andw.=2.5 GeV.
for sum rules(23) and (56). Combining Eq.(73) we arrive at

Note the choicél =T, is not unique for the asymmetric
sum rules(40), (41), and(48) since the initial and final me-

sons have different masses. But the chdige=T, will en- 71=(1.0x0.2) GeV ', (77)
able the clean subtraction of the continuum contribution,
which is cruicial for the numerical analysis of the sum rules. 73=(0.24+0.05 GeV ™. (78)

In our case the sum rules are stable with reasonable varia-
tions of the Borel parametér; andT,. Such a choice does

not alter significantly the numerical results. Based on these B. Numerical analysis of the meson sum rules
considerations we adopt,=3 for for the sum ruleg40), We now turn to the numerical evaluation of the sum rules
(41), and(48), too. for the coupling constants. The lower limit df is deter-
mined by the requirement that the terms of higher twists in
V. NUMERICAL RESULTS AND DISCUSSION the operator expansion is less than one third of the whole
_ _ sum rule. This leads td>1.0 GeV for the sum rule&40),
A. Numerical analysis of the baryon sum rules (41), (48), (56), (60), (64), and (68). In fact the twist-four

We now turn to the numerical evaluation of the sum rulesterms contribute only a few percent to the sum rules for such
for the coupling constants. Since the spectral density of thd values. The upper limit of is constrained by the require-
sum rules(23)—(25) p(s) is either proptional t&? or s°, the ~ ment that the continuum contribution is less than 30%. This
continuum has to be subtracted carefully. We use the valugorresponds td<2.5 GeV. With the values of photon wave
of the continuum threshold, determined from the corre- functions atu,=3 we obtain the left hand side of these sum
sponding mass sum rule at the leading orderpind 1M,  fules as functions ofl. The continuum threshold i,
[11]. =3.0=0.2 GeV excepw.=2.4+0.2 GeV for the sum rule

The lower limit of T is determined by the requirement that (64). Stability develops for the sum rules in the region 1.0
the terms of higher twists in the operator expansion is reaGeV <T<2.5 GeV. The results are shown in Figs. 3-9.
sonably smaller than the leading twist, sayt/3 of the latter.  Numerically we have
This leads toT>1.3 GeV for the sum rule$23)—(25). In

fact the twist-four terms contribute only a few percent to the gaf - 12f + 3p=—(3.0£0.2) X 1072 Ge\?, (79
sum rules. The upper limit df is constrained by the require-
ment that the continuum contribution is less than 50%. This _ _2
corresponds td<2.2 GeV. 05t v +,32= ~ (1.9£0.2) X 107* GeVY, (80)
The variation ofy, ; with the Borel parametef andw, is B
presented in Fig. 1 and Fig. 2. The curves correspond to 91f - 12f+ 1p=—(1.5+0.5x107? Ge\?, (81)
=2.4,2.5,2.6 GeV from bottom to top, respectively. Sta-
bility develops for the sum rule®3) and(25) in the region 9of 4 1of 4 3p=—(5.520.4 X102 Ge\’, (82)
1.3 GeV<T<2.2 GeV, we get ’ '
fsfa=(7.0£0.9 10 * Ge\’, (75) daf? 1,=(0.2850.04 GeV?, (83
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0.0
— w,=3.2GeV
— w=3.0GeV
oot | w=2.8GeV
& -0.02
1
o
S 003} e
e
o0 0,04
0.05
0.06
0.9 12 15 1.8 2.1 24 2.7
T

FIG. 3. Dependence ajyf_ 1,f 4 3, On T with w,=3.2, 3.0,
and 2.8 GeV.

04f% 1,=(8.90.5 X102 Ge\?, (84)
,1/2

0sf3 3= —(2.3£0.3 X102 Ge\?, (85)
where the errors refer to the variations wihin this region
and the uncertainty im.. And the central value corresponds
to T=1.5 GeV andw.=3.0+0.2 GeV except that we use
w.=2.4+0.2 GeV for the sum rulé64).

With the central values of f's in Eq74) we get the ab-
solute value of the coupling constants:

gq=—(0.63-0.10 GeV 2, (86)
gs=—(0.40+0.05), (87)
g:=—(0.20+0.08), (89
g,=—(0.72£0.07) GeV !, (89)
0s=(1.8+0.3) GeV 1, (90)
0,=(1.4+0.2) GeV 1, (92)
gs=—(0.64£0.09 GeV °. (92

-0.05

1.5 1.8

T

2.1 24 2.7

FIG. 4. Dependence dfsf_ 1/5f; 3, On T with w,=3.2, 3.0,
and 2.8 GeV.
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0.02
0.01
0.0
s
ot 0.01
s
%5 0.02
&0
0.03
-0.04
-0.05
09 1.2 1.5 1.8 2.1 24 2.7
T

FIG. 5. Dependence @j;f_ ;,f, jp,0nT.

Note we have only considered the uncertainty due to the
variations of the Borel parameter and the continuum thresh-
old in the above expressions. There are other sources of un-
certainty. The input parametejsandf are associated with
the photon distribution amplitude. Especially the valueyof
has been estimated with QCD sum rufd8] and with the
octet baryon magnetic moments as inputs using the external
field method[15]. Both approaches yield consistent results
x~—4.4 GeV. With this value the octet, decuplet and heavy
baryon magnetic moments derived using the external field
method are in good agreement with the experimental data.
So we expect its accuracy is better than 30%. The valde of
has been estimated with the vector meson dominance model
also with an accuracy of 3092].

The light cone sum rules for the coupling constagtand
the mass sum rules for the heavy hadrons in HQET both
receive large perturbative QCD corrections. But their ratio
does not depend on radiative corrections strongly because of
large cancellatiofil7]. In the present case, the uncertainty of
the coupling constantg; due to radiative corrections is ex-
pected to around 10% while the couplinfig, etc. are af-
fected significantly.

Another possible source of error is the truncation of the
light cone expansion at twist four. We take the sum rules for
7, for example. AtT=1.5 GeV, the twist-four term in-
volved withg,,0, is only —2.5% of the leading twist term

0.0

1.5 1.8

T

2.1 24 2.7

FIG. 6. Dependence ad,f, 1,f+ 3 On T with w,=3.2, 3.0,
and 2.8 GeV.
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0.6 0.0
— w=3.2GeV — w=3.2GeV

— w=3.0GeV — w=3.0GeV
— w=2.8GeV

0.5 — w=2.8GeV

+3/2

R

gs

-0.03

00 0.04
12 15 18 2.1 2.4 2.7 09 12 L5 1”1§ 21 24 21

T

FIG. 9. Dependence cgsfivs,z on T with w.=3.2, 3.0, and 2.8

FIG. 7. Dependence (g‘?,fﬁ 100N T with w,=3.2, 3.0, and 2.8 Gev
’ ev.

GeV.

after making double Borel transformation to E80). Even

...3m2+m?
after the subtraction of the continuum and excited states con- I(SE—3py)=n3a|q*——m—

2 )

tribution the twist-four term is only-15% of the twist-two 3m;

one in Eqg.(23). So the light cone expansion converges 5 1

quickly. We expect the contribution of higher twist distribu- T'(B:—B* v)= — g2 (_ 25151 o2l )
tion amplitudes to be small. (Bi—B"7)= 30| 5 94d°+05 |,

We have calculated the coupling constant in the leading
order of HQET. The Ing correction is sizable for the charm 4a
system. But for the bottom system themyy/ correction is I'(B1—By)= 5 €
typically around 5-10% for the pionic coupling constants
[8]. We expect the Iy correction to the electromagnetic 5
coupling constants is of the same order. The inherent uncer- I'(B5—By)==e2ag?[q|5,
tainty of the method of QCD sum rules is not included, 5
which is typically about 10%.

1 - -
Eg§|q|5+g§|q|),

64
_ a2 2|z 2|
C. Decay widths of heavy hadrons I'(B; —B* 7)_eqa(4_59d|q|5+4gs|q|)7

With these coupling constants we can calculate the decay
widths of heavy hadrons. I'(B;—B* 7):92ag§|a|'

The decay width formulas in the leading order of HQET d
are 1
. I'(Bj—By)=>elagid,
I'(2p—Apy)=4nialql?, 2

. ) 933mi2+mf2 1 32 o=
['(25—Apy)=n3alq| Sz Ir'(By—B 7)=§eqa91|OI|a
1
0.2 — 1 5 -
o I'(B*—By)= 3 €fagiql®, (@3
— w=2.2GeV
0.16
where|q|=(m?—m?)/2m;, m;, my is the parent and decay
g o heavy hadron mass.
“t.:'r We apply the leading order formulas obtained above to
%0 0.08 the excited states of bottomed hadrons using the central val-
ues of the coupling constants in the previous section:
0.04
gl )
F(EbHAby):131><(—) keV,
0'00.9 1.2 1.5 1.8 2.1 24 2.7 165 MeV,
T
: |’
FIG. 8. Dependence @,fZ ;, on T with w;=2.6, 2.4, and 2.2 %0 _ >
GeV. rEi"—A,y)=313 524 MaV keV,
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D(EF =3y y)=2.2%

> 3
|q
63.4 Moy K€V

I'(3§%—30y)=0.14x

> 3
|q
634 Moy K€V

o e | ’
* — —
Iy —2 y)=0.56x ( 534 MoV, keV,

|al
137 Mev] K&V

I'(B*°—B%y)=1.4X
|q

*+ + N —
[(B**—B")=5.5x| 31y Mev) keV,

9 B0y)=84.4X| ——
I(BY—B%7)=84.4X| 5011

| ) eV

Kl

F(BI—)B+’)/)=338>< m) keV,

Kl

0 *0, ) —
I'(B9—B*%y) 42.2><(377 Mev) keV,

q
377 Mev| K&V

(B —B*"y)=169x
|

*0_) 0,,)—
I(B3°—B%)=5.8x| = MeV) keV,
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I'(B5"—B*y)=23x

Kl

F(B;c o, B*O’y) =211X ( m) keV,

dl

* + * + —
[(By " —B*"y)=844x| zooo MeV) keV.

(94

The uncertainty of the decay width is typically about 30%.

We do not present numerical results for the radiative de-
cay widths for the charmed hadrons sincend/corrections
are sizable for the charm system while such corrections are
only a few percent of the leading order term for the bottom
system[8].

In summary we have calculated the coupling constants of
photons with the heavy baryons and the lowest three heavy
meson doublets using the light cone QCD sum rules with the
photon wave functions in the leading order of HQET. We
hope these calculations will be tested in the future experi-
ments.
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