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Determination of the HQET parameter \; from an inclusive semileptonic
B meson decay spectrum
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We estimate the heavy quark effective theory parametdrom the inclusive semileptoniB-meson decay
spectrum. By using recent CLEO double lepton tagging daB+eiXev, which show the lepton momentum as
low as 0.6 GeV, we extractex; ~—0.58 Ge\f. We also derived\ ~0.46 GeV andV,,|=0.041+0.002.
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PACS numbds): 12.39.Hg, 13.20.He

I. INTRODUCTION minimum momentum 0.6 GeV. The main sources of these
electrons arda) the secondary lepton from the samg(b)

As is well known, the heavy quark symmetry breakingthe primary lepton from the otheB, and(c) the secondary
parameters\; and\, can affect the shape of tH& meson lepton from the otheB. The lepton from(c) has the same
semileptonic decay spectrum substantially. While it is easyharge as the tag lepton while leptons fréanand (b) have
to obtain the value ok, the hyperfine splitting term, from ©OPPosite charge to the tag lepton. And leptons fi@nand
the mass difference betwed and B* mesons, it is very (p) have different kinematic signatures so that their contribu-
difficult to determine the value of parametey, which cor-  lONS are easy to separate. In ti¢4S) decay, theB and the

responds to the kinetic energy of a heavy quark inside & are produced nearly at rest. Hence there is little correlation
heavy meson. So finding the precise valuehafis very  between the directions of a tag lepton and an accompanying
important in understanding heavy meson decay. electron if they are from differer® mesons. If they are from

The CLEO Collaboration measured the lepton spectrunin€ SameB, there is a tendency for the tagged lepton and the
. . . — . electron to be back-to-back. They analyzed the data with
in the inclusiveB—Xlv decay poth by one lepton tagging double lepton tagging and separated the primary leptons
[1], and by double lepton taggir@]. In single lepton tag-  om secondary leptons without model dependence.
ging data, leptons from secondary charm decay-€ In this paper by using the double lepton tagging data, we
—slv) dominate the low lepton energy region. These seCiyade a minimumy? analysis to determine the value of the
ondary leptons have typically lower energy than the primaryparameten ;. There is one difficulty iny? fitting for the
ones, because they are frotnquark decay. To obtain the data, as is well known. Since nonperturbative correction up
B—Xlv lepton spectrum in the lovE, region from the to 1/m2 cannot predict the correct shape of lepton distribu-
single lepton tagging data, these secondary leptons must B@n near the end point, we have to exclude the high energy
separated by fitting the spectrum with some assumptions anghtg points of the distribution. Choosir,cp, the maxi-
models. o mum lepton energy that one can trust the shape of,1/

In Ref.[3], the parameter values df and\; were esti- expansion, is very important in this fitting. Following Ref.
mated(with fixed value ofA,=0.12 Ge\f) by using lepton [5], we choos&qcp=2.0 GeV. The double tagged data has
energy distribution of,>1.5 GeV from CLEO dat§4] of larger statistical error than the single tagged one, but we can
semileptonic deca3— XI» with single lepton tagging. The Uuse low energy lepton data model-independently. Therefore,
advantage of using single lepton tagging data is small statighis work can complement the work of R¢8].
tical error, though we cannot use the low lepton energy part
of the data E;<1.5 GeV). B Il. THEORETICAL DETAILS
from cascade decays af o-siv. They selocied events  Folowing the heavy quark effecive theoQET) [,
with tagging leptons of momentum greater than 1.4 GeVthe mass of a pseudoscalar or a vector médaontaining a
which are predominantly from the semileptonic decay of onéﬁe""vy quarkQ can be expanded as
of the two B mesons in arY (4S) decay. When a tag was

: . — A Hdyh
found, they searched for an accompanying electron with My =Mmg+ A — 12mM 2+..., 1)
Q
*Email address: kkjeong@theory.yonsei.ac.kr wheredy,=3, —1 for pseudoscalar and vector mesons, re-
"Email address: kim@cskim.yonsei.ac.kr spectively, and
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1 —_ Kp=—X1/m, Gp=3\,/m3, 9
A= 5= (M()| h,(iD)?h,[M(v)), ) o T e ©
M with m, denoting the mass of the quagk=u, c in the final
state, and/g, is the CKM matrix elemenf8]. The terms in
the second line and third line of E¢¢) correspond to non-
G**h,|M(v)), perturbative correctioné\P) to leading order Born approxi-
mation of the first line.
3 Perturbative corrections of the electron spectrum fitom
decay were calculated in various refereng®40]. The ana-
whereh,, is the_heavy quark fielc_i in the HQET_WitI_w velocity Iiytic f{)rm of order a4 correction is giver[gi]ﬁzls :
v. A parametrizes the mass shift due to the kinetic energy o
heavy quark inside the meson, akglis related to the effect
of chromomagnetic interaction between heavy quark and (

—9

}\2 <M(v)|hvzo-p,v

B 2dymy

light degrees of freedom. In the case oBaneson, we can

dr 2ag . (Y 12 ,
_ , , ax =—3—F0f dy——————Fi(x,y,€9),
estimate the value of, quite accurately from the mass dif- X/ ™ Joo T (1-gy)cty

ference betweeB andB* mesons: (10
— N\ with
mB* :mb+A_ Zmb y (4)

Fl(X,y,EZ) = Hl(xvy) + H2(X1y162) - HZ(vaaZm):

(11
B T Ai+3N, c
where
and approximately
P H1(X,y) = 2(x~y) (X~ X+ Y)Hg(x.y)
1, 5 1 Y
7 (Mex —Mg) =\ + 0| —|~0.12 GeVt. (6) + =2 Ix(— 4+5x) +y(4— 6x—5x?)
b 2p3
Within HQET the lepton spectrum of the semileptonic de- +y2(1410x) —5y°+ €’ 1— 2x+ 5x°
cays of ab-flavored hadron Ki,—Xglv) is calculated in
Refs.[5,7], and the result is +y(5—16x) + 11y?]+ €*(— 2+ 6x—7y) + €%}
+Ine[X(—1+2X) +y(1—4x) + 2y?
dr 3¢t
—=T"y0(1—x—€?)2x?| (3—2x)— 3€’— 5
dx (1-X) +e2(1+x—y)—€*], (12
+(3—x)66 i 6+5x (6—4x)62+ (3x—6)€* and
(1-x)° 3 (1-x)? (1-x)°
+5(6_4X+X2)E6 5X+(2X2_5X)64 HZ(Xy Z): f1+Zf2 +Yp(Z)(f3+Zf4)
oy Y 2 3
3(1—X)4 b 3 (1—X)4 8(1-y)[ps(2)] 8[p3(2)]
Y (Z)(f5+2f6) 1 62f8
2(x3—5x2+10x) €8 + 7S Y (D) ot ——
2 kg @ s PNy
3(1-x)
where +Lizw(2)+Lixw-(2))]fe—yz
GEmp m 2E +4yp3(2)Yy(2), (13)
o= Vepl?, =2, x="—, (8
19273 my m, with
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Ha(X,y)=1—In(1—x)— In(1= y/%) — 2(po /Ps¥y— DN (1= X) (1= y/x) — ]+ =2

. 1-x
+L|2(1— —
P+

1_

12
P+

+Li,

(W, —x)(W; —y/x)
+Ineln — —
(X—w_)(y/x—w_)

3

and
f1=(1-y)’[5x*+y(5—2x)]—4€*(1-y)
X[x2+y(1—5x+2x%) +y23(2—x)]
+ € —x?+y(—1+6x—3x%) +y?(—3+2x)],
(15
f,=—(1—y)[5x%+y(5+ 18x+3x?)+y%(3—2x)]
+42(1-y)[X2+y(1—x) ]+ €[ X%+ y(1—2x)],

(16)
fa=(1—y)?[ —5x?+y(—5—8x+x?)+y?]
+2€2(1—y)[2x>+y(2—6x+x?) +Vy?]

+ e[ X2+y(1—4x+x%)+y?], 17

f4=5x2+y(5+ 28+ 12x?) + y2(12+ 4x—x?) —y®

+ €[ — X2+ y(—4—4xX+2x%) +2y?]

— e} (X%+y), (18)
fo=—5+10x+y(5+ 24x+ 8x?) + y(5— 18x) + 3y?

+ €[ 4—10x— 4x>+y(— 8+ 18x) — 4y?]

+e(1—4x+y), (19
fe=5+ 10x— 4x%+y(14+ 10x) — 3y?

—2€%(2+3x—2y)— €%, (20
f;=—5+4x—4x?+6yx—y?+ €[ 4(1+x)— 10y]

+ €4, (21)
fa=x(1—X)+y(—1+x+x%)—2y>x+y?

+eX(1-x)(x—y), (22)

fo=X+y(1—2x)+y?+ e(x—y). (23

X—y

Xp.
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__W_
Li2( -
pLw.

_L|2

w_
1— —
W

+2Y,(Yy+2Ine)

P3

. L Xy
—Ligl 1-—=—] —Lip| 1-—
p- Xp-

(14)

dI“theory: (E)
dE dE Born

+dl" +d1’ 24
a8y, laE), *Y

where AI'/dE))g,, is the leading order Born approxima-
tion, (dI'/dE;)np is the nonperturbative correction using the
HQET, and ¢I'/d E|)aS is the perturbativerg correction. We

define the CKM-matrix independent decay rate

_ 1—‘theor)x Bﬂqu v)
|qu|2

'yq ’ (25)

and then, the semileptonic decay ratg, can be written as
Fg= 7c|Vcb|2+7u|Vub|2- (26)

Since|V,,|?<|Vp|?, we can neglecb—u decay. Integrat-
ing overE, of Eq. (24), we obtain[11]

2ag(mp)
Fsi=velVerl*=To 20[1_ ;77 9(6)]
1
+ EZO(Gb_Kb)_ZZle , (27)

wherez, andz, are defined as
Zo=1—8€’+8€%— €8—24€%Ine, (28
z=(1-€)*, (29

andg(e) is a complicated function o, which can be ap-
proximated[12] to

g(e)=(772— 3—1)(1—6)2+§. (30)
4 2

To obtain the mass ratie=m./m,, we use the relation
1 1 1
Mp— M= (Mg—Mp) — E()\l+ 3\2) me o m (3D

=(mg—mMp) *(~1%)~mg—mp

All the parameters and the kinematic variables in the above
expressions are listed in the Appendix.

After using all the above formulas, the electron distribu-
tion in semileptonic decay of thB meson can be written as We note that if we use instead the other relations, e.g.,

=3.41 GeV.
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1 r N -
mb_mc:(mB*_mD*)__()\1_)\2)<___) — m, =47GeV N
2 Mg Mp/ m, = 4.8 GeV
----------- m, = 4.9 GeV \
~mMg+ —Mpx=3.32 GeV, (32 b # Bom approximation Y
or . 005
g ..
= — N1 — — S \
Mp— M= (Mg—Mp) 2 lme my ~Mg—Mp \
~3.35 GeV, (33) —
o, correction
where
-0.05 : :
1 0. 1.0 2.0
mB: Z(mB+ 3mB*) (a) E’
and
1 —— 4, =-03GeV’
_ 0.05 | ----- A, = 0.4 GeV*
Mp = (Mp +3Mpx), e 2y = -0.5 GoV?
the values of the correction would become as large as §~
~+(2-4 %) depending OR ;. 8
For b—clv, Figs. Xa) and Xb) illustrate the dependen-
cies of various corrections am, and\ 4. All figures in Fig. \
1 are with|V.,|=0.04. The value ofn, determines mainly 005 | N
the overall size of decay width, while other parameters de-
termine the shape of the distribution. As can be seen from ‘ ‘
Fig. 1(a), we find that the dependenceld§, on m, is rather 0.0 1.0 20
E

weak on the contrary to the naive estimationIaf «mg, (b)

and is very sensitive to the quark mass differenoe, (

i

—m,) [11]. Note also that the shapes of Born approximation

FIG. 1. Contributions of each term in lepton spectra of
—clv decay. In all figures|V.,|=0.04.(a) Born approximation

and perturbativg correction are almost ipsensitivg to thgnq perturbativer correction withm,=4.7 GeV (solid line), m,
value of m,, while nonperturbative correction is quite sen- —4.8 Gev (dashed ling m,=4.9 GeV (dotted ling, and a.

sitive to bothm./m, and ;.

IIl. RESULTS AND DISCUSSIONS

To compare CLEO data with theoretical calculation, we

use the minimumy? method with

[B(E;)—FMYE;; €, 1)]?
(T(Ei)2

2_

Ei<Eqcp

where B(E;) ando(E;) are experimental data of the differ-
ential branching ratio and error at lepton enef§y, and
Fheo(E; : €,\,) is the theoretical prediction &; as a func-
tion of parameters=m./my, and A;. We normalized the

=0.22. (b) Nonperturbative correction with;=0.3 Ge\? (solid
line), \;=0.4 GeV (dashed ling and \;=0.5 GeV (dotted
line). A, and m, are fixed with the valuea.,=0.12 GeV* and
m,=4.8 GeV.

[11], we use theb quark massm,=4.8+0.1 GeV, which
has been derived from the QCD sum rule analysis ofYhe
system[13]. For ag, we usea,=0.22, as in Ref[3].

We comment here on the determinationEfcp, which
is crucial for this analysis. As we can see in Figt)land 2,
nonperturbative corrections are significant only in the large
electron energy regiofii.e., E;>1.5 Ge\j. Therefore, we
have to include as many data points upHgcp, in which
theory can give the correct shape of the lepton energy distri-

decay distribution to have a branching ratio of 10.49% as imution. Otherwise, we cannot fully see the effect of the non-

Ref. [2], B(B— XIv)=(10.49+0.17+0.43)%, i.e.,

0.1049 dT e ory
Ts. | dE

Ftheory(Ei re=me/my ,\q)=

We note that, because of exact cancellation betw&grand

E =

perturbative correction which determines the value\of
However, if we include the data points ovié/>Eqcp, the
result will be meaningless because the shape of the lepton
energy spectrum is not reliable above fgqp region. The
numerical value oEqcp can be estimated from the value of
m, [5]: For b—u decay with m;=0, Egcp~0.9my/2
~2.15 GeV. Forb—c decay, a smaller smearing range is

Tiheorys F®°Yis independent oF o, and therefore indepen- required near the end point, and

dent of |V, andmi . F"®°Yis only indirectly dependent on
my, through the definition ok in Eq. (8). Following Ref.

Eqco~0.9mi—mi)/2m,~2.0 GeV. (36)
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—-—~ Born approx. ' For 7z, we averagedg- and 7go from Particle Data Book
~~~~~ o, correction . [19]
----- N.P. correction e ™\

sum of the all terms// TBtZ(l.GZt 0.06)>< 10~ 12 sec,

e CLEO data .

o 005 \ . 7g0=(1.56+0.06) X 10~ ** sec.
3 =
3 !\iF This gives the value
e
_h_ﬂ_,-m .......... \/ |Vp|=0.041+0.002, (39)
005 | ' where the error includes the errors from the semileptonic
‘ branching ratio of CLEO datd8 meson lifetime, uncertain-
0.0 1.0 2.0 ties from\, andb quark mass. This result is consistent with
E, the CLEO result with the ISGW model which i8/.y|

=0.040+0.001*+0.002[ 2], and with the recent Particle Data

FIG. 2. Best fit result fom,=4.8 GeV with Born approxima- Book result|Vcb|=0.0395t0.0017[19].

t_|on (long dashed ling no_nperturbatl_ve correctiofshort dashed Figure 2 shows the best fit result of the differential
line), perturbative correctioridotted ling, and sum of all(solid

line). Dots with error bars represent CLEO data. Parameter valuegranChIng ratio compared Wlth CLEQ data as a function of
aren,=—0.58 GeV, \,=0.12 GeV, anda,=0.22. charged lepton energy, withm,=4.8 GeV and \;
=—0.58 GeV. It shows the relative size and shape of the

Since we are dealing only with lepton energies less thay&rious corrections fom,=4.8 GeV. The nonperturbative

; T R ! )
215 GeV, we neglectb—u decay and set O-6E, term |§, about .4.5/0 anq th.e perturbative term is
<20 GeV. ~ —12% from leading approximation. From these facts, it is

We tabulated the results in Table I. Since we fixed, ( clear that the nonperturbative correction determines the
my), changing the value afi, means éhanging mass ratio shape and does not have much effect on the total decay rate,
—m), b

e=m,/m, together, and this mass ratio affects the resultswh|Ie the perturbative term has little effect on the shape but

i ) _"lits contribution on the total decay rate is quite large. Fitting
The values ofA are determined from the mass relation \ih data points between 1.0 G&\E;<2.0 GeV, we ob-

Eqg. (1). All values of\; in Table | are much larger than the tain A,=—057+0.19 Ge¥ and A~046 for m,

value in Ref.[3] which is \;=~0.19+0.10 GeV, or the =4.8 GeV, which are almost the same with the results from

values in[14,15 which are~—0.1 Ge\?, but consistent . :
with [16—18 which are in the range-0.4 to —0.7 Ge\~. 0.6 Ge}/< Ei<2.0 GeV. Fmal.ly we note the dependence
on ag is very weak._ChangmgaS to 0.35 we get\;

The values ofA; show significant dependencies on the

input value ofm,, but still each value is consistent within ~ _0-94 GeV and A~0.46 GeV for my=4.8 GeV,
1o error range. As explained before, this large sensitivityVNich are almost the same as the values in Table I.
comes from mass ratim, /my, . Indeed, form,=4.8 GeV, if We finally note that recently the CLEO Collaboration

we change the value ofrf,—m,) to 3.35 GeV, i.e.mﬁ/mﬁ measured20] the first and the second moments of the had-

=0.091, them; = —0.69+0.22 Ge\Z. Changing the value ronic mass-squared distribution in the inclusive dedhy
of m \;vith fixled mé/mzz.o 084 W'e obtainh. = — 0.55 — X v and also made a preliminary determination of the
40 1% GeV  for ¢ mb—4.7 G,eV and )\1_ 0'52 first and the second moments of the lepton energy distribu-
+0. p=4. 1=—0.

+0.29 GeV for my=4.9 GeV, which are very similar to tion from the spectrum in Re[.2]._Usmg those four mo-

the case withm,=4.8 GeV, as shown in Table 1. ments, they obtained the values Afand \ 4, but there ap-
Once we know the para,meter values, \,, we can ex- peared to be inconsistencies in the results which suggest
tract|V,p| from the relation b either experimental error or problems in the HQET. How-
Cc

ever, if we consider only the moments of the lepton energy
distribution, the preliminary CLEO analys[®0] gives \;

\Y b|2:B(B_>XIV)_ (37) ~—0.75+0.20 GeVf, which is in rather good agreement
¢ T8 Ye with our results.
TABLE I. Results of the fitting withm,=4.7-4.9 GeV and the ACKNOWLEDGMENTS

fixed my—m.=3.41 GeV.

We thank A. Falk for a careful reading of the manuscript
m, e?=m?2/m? A1 N and his valuable comments. C.S.K. wishes to thank the Ko-
rea Institute for Advanced Study for warm hospitality. The
4.7 GeV 0.075 —(0.45-0.19) GeV? 0.57+0.018 GeV  work of K.K.J. was supported in part by Non-Directed-

Research-Fund, KRF, in part by the CTP, Seoul National
University, in part by the BSRI Program, Ministry of Edu-

4.9 GeV 0.092 —(0.70:0.27) Ge\? 0.34+0.026 Gev  cation, Project No. 98-015-D00061, and in part by the
KOSEF-DFG large collaboration project, Project No. 96-

4.8 GeV 0.084 —(0.58+0.23) GeV} 0.46+0.022 GeV

114019-5



K. K. JEONG AND C. S. KIM PHYSICAL REVIEW D59 114019

0702-01-01-2. C.S.K. wishes to acknowledge the financial Pa(2)=3[1+y?+ 72— 2(y+z+y2z)]*?
support of Sughak Program from Korean Research Founda-
tion. P-(2)=po(2) £ p3(2),
APPENDIX: KINEMATIC VARIABLES 1 p.(2) p.(2)
Yy(2)=zIn =In ,
In Ref.[9], the kinematic variables are defined as follows: o(2)=3 p-(2) Jz

b,q,G,l,v are the four-momenta of thé-quark, lighter (A5)
quark, gluon, lepton, neutrin®®=q+G, W=I+v are the o )

four-momentum of the quark-gluon system and the virtua@nd similarly for the virtuaW

W; \¢ stands for the scaled gluon masssEmg /mp<<e) .

1 _
The scaled masses and lepton energies Wo(2)=3(1+y—2),

mq (qZ) 12 2F, W2 wa(2)=32[1+y?+ 22— 2(y+z+y2)]*?
e=—=|— , =— y=—71,
Mo \b* Mo b W (2)=Wo(2) £ws(2),
_P gzm_g YEM (A1) vl W@ w.(2)
b? M Mw ‘”(Z)zznw_(z)_ : Jz
vary in the region (AB)
O<x=<xy=1- €2 (a2)  ForG=0, which impliesz= €2, the abbreviations
0<Y=<Ym=xX(Xy—X)/(1-X), Po=po(€?), Ps=ps(€?), etc.,
(A3) o o
WOEWO(EZ), W3EW3(62), etc., (A7)

(e+\g)?<z=<z,=(1—X)(1-y/X).
(A4)  will be useful. Polylogarithms are defined as real functions,

Frequently used kinematic variables which characterize thglnd in particular

guark-gluon system are xdt
0o(2)=1(1-y+2). Li,(x) fo . In|1—t|. (A8)
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