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Determination of the CKM unitarity triangle by B— X4l "1~ decay
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| examine the possibility to extract the angleof the Cabibbo-Kobayashi-Maskawa unitarity triangle by the
inclusiveB— X4l "1~ decay. Independent information for the angle is expected from the nontrivial contribution
induced inuu andc c loops. The contributions induggP asymmetry which has a high sensitivity to the angle
v in the whole dilepton invariant mass region. Particularly, in the low dilepton invariant mass region, the
sensitivity is also recognized in the branching ratio with any dilepton final states and the lepton polarization
asymmetry with a dimuon final state. In the high dilepton invariant mass region, the sensitivity is tiny in all
measurements with the exception of t8d> asymmetry, which makes them good probes to confirm the
measurement d¥,4* Vy, in addition to the present data froBf-B§ mixing. The decay rate and asymmetries
are examined in the standard model taking into account the long-distance contributions due to vector mesons
as well as its momentum dependences which would reduce the long-distance backgrounds in the channel.
[S0556-282198)02403-3

PACS numbdps): 13.20.He, 12.15.Hh

. INTRODUCTION mixing. On the other hand, in the—slI*I~ decay,Cy“" is
strongly suppressed due to the Glashow-Iliopoulos-Maiani

mental reach in the near futufg] encourages me to consider (GIM) mechanism. Generally, rai# decays are clean pro-
. 9 cesses to extract the CKM matrix elements, because nonper-
the B— X4l "I~ decay. Both decays are important probes of

. = : . turbative effects in the decays are possibly tiny, less than a
the effective Hamiltonian governing the flavor—changmgfew percent as shown i] by using the heavy-quark effec-

neutral currentFCNC) transitionb—ql™1~ (g=s,d) in the . : o )
standard modelSM) as written below2]: t|ve_ theory approacl"_mln Ehgoangl)_/ys, | also utilize the ex
periment result oky in By-By mixing.

The hope thaB— X/ "1~ decay will be within experi-

G The purpose of this paper is to show a possibility to give
_JF® P T P ind dent measurement for the anglef the CKM
Hetr=—=—ViqVin] Co®qy,LbI[ 1 y*11+C Lb an incepen ng

o om WP Ly, LRILT y#1]+ Cad a7,Lb] unitarity triangle in the SM by observing the channel. The

calculation is done taking into account thedependence in
the long-distancéLD) contributions due to the vector me-
sons[5]. It is well known that including the] dependence,
which has not been considered in the previous papers, will
_ reduce the background due to LD contributi¢gfé
X[ 7"']}, (1) This paper is organized as follows. First | briefly describe
the nontrivial contributions due to the resonance and con-
_ tinuum parts ofuu andc ¢ loops which induceC,“". Next
where L/RE(l“”g’S)/Z' q* denotes the four-momentum of | consider the phenomenology of the contributions and its
the dileptons=q°. A caret means normalization with, . relation with the CKM unitarity triangle. Before summariz-
Theoretically, the most important interest in the g | analyze the decay rate and asymmetries, i.e., forward-

+1- ; ; ; _ iy o
b—dl"1~ decay is, that the matrix element contains un backward (FB) asymmetry @.g), CP asymmetry Aep)

negligible terms |r.1duced bi’ the contlnlium partw and g lepton-polarizatiofiLP) asymmetry {4,p) in the chan-
cc loops proportional toV{4V,, and V¢gVe, [3]. These  pgp

terms should give nontrivial contributions in the Wilson co-

efficient Co®™ which induceCP violation in the channel. |

call this contribution theCP violation factor Cy°") Il. CPVIOLATION FACTOR

throughout this paper. | will show that it can be utilized to  The effective Hamiltonian in Eq1) describes both inclu-
determine the Iength( and the angley of the Cabibbo- sive b_>q|+|7 decays by rep|acing with s or d quarks
Kobayashi-MaskawdCKM) unitarity triangle in Fig. 1 at respectively. In the SM, the QCD corrected Wilson coeffi-
once. In this meaning, for example, the radiat®e-Xyy  cients which enter the physical decay amplitude above have
decay is not so useful since it gives only information for the

length x that have already been measured wellBf-B

X[ 1 y*ysl]—2C,f aaw%(m myL)b

1l remind the reader that the approach is reliable only in the low

dilepton mass region, but it is sufficient to justify the statement

*On leave from P3FT-LIPI, Indonesia. Email address: since in the high dilepton mass region the perturbative calculation is
handoko@theo.phys.sci.hiroshima-u.ac.jp good.

0556-2821/98/58)/17767)/$15.00 57 1776 © 1998 The American Physical Society



57 DETERMINATION OF THE CKM UNITARITY TRIANGLE ... 1777
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FIG. 1. The CKM unitarity triangle on thg-  plane.
2
-~ T
been calculated up to next-to leading ordiit-O) for Co° Co™(s)=~ g (3C1+Cy+3Cs+Cy
and leading orde(LO) for C,%" [7], while C,o does not
receive any correction at all. Some corrections due to the V’Junb .
continuum parts ofuu and cc continuums and the reso- +3Cs5+Ce)| | 1+ VAV V=;__ Fy(s)
nances of the vector mesons will enter only in the coefficient tgtb Y
Co°". Remember that the contribution of thel loop in C°f Vb )
is suppressed because of the GIM mechari@m o > Fu9)|. (8
VigVip V=r.0

Before givingCy®", related to theuu andcc loops, let

me mention the operators which govern the-qu'u' pro-  The readers should refer [@] for CoN-° and
cesses,

.2 4 . 2. .
w(s)=— =m?— =Li,(s)— = InsIn(1—s)

01=<E7#Lba>i:21‘2 (ulgy*Lul), ) 9" 3 3
B 5+45A N3 23(1+As)(1—2As) s
02=<q_ay,LLb5>i:2u (Upy“Lul,), (3 3(1+2s) 3(1-5)%(1+29)
5+95— 652

(©)

after doing the Fierz transformation. Heté=u, u?=c, and
the lower suffixes denote the color. Fgrs, the uu loop

contribution can be ignore[®,7], while for g=d the situa- ; :
tion is quite different. The reason is, that both operatorsrepresentS th®(as) correction from one gluon exchange in

above are proportional to the CKM matrix element "€ matrix element 00,. The functiong(m,i,s) which de-
V’Jquuib/V?qu if we normalize the amplitude With/7,Vy, scribes the continuum part of theu' pair contribution is
as usual, then

6(1—5s)(1+2s)

| .. 8 (my) 8 . 8 16Mm,
VigVuib| [O(N?), u'=u, " g(myi,8)=—gln P n(myi) + 7793
ViV, | LO(D), u'=c, . — .
2 4mui 4mui 4mui
for the former channel, and ) 2+ : 1- A 0| 1- =
* ) i __
R P, ® AR
* 0O(1), u'=c, X| IN——F—==—=—i7w
ViV W 1-\1-4m2/s

for the latter one\ is a parameter in the Wolfenstein param- ~
etrization of the CKM matri{ 9] and the world average is 4my; 1
+0| ——-—1|2arctah————|, (10
A~0.22[10]. s Jam3/s—1
Involving the continuum as well as the resonance parts of Y
uu and cc loops and the NLO QCD correction into the . 8 8 (my 4 . 4
calculation gives =———=Inl—|—= —iar.
g g(0,s) >7 9In( ’u ) 9|I’]S+ 9”7 (11
eff_ ~ NLO a's(,u) a cony & res a res ;
Co®"'=Cy 1+ Tw(s) +Cy%(s)+Cg™Ys), In the resonance pa@y™s | put the relative phase to be

zero because of unitarity constraints in the Argand plot of the

transition amplitude[5]. Fy(s) is the Breit-Wigner reso-
where nance form

(6)
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TABLE I. The experimentalcentra) values for each vector meson under considerafigpey and the
determined constants under these valliewer).
Parameter Vector meson
p w lp lpl l/f” wl!l
My (MeV) 768.5 781.94 3096.88 3686.00 3769.9 4040
Tete- (keV) 6.77 0.6 5.26 2.14 0.26 0.75
'y (MeV) 150.7 8.43 0.087 0.277 23.6 52
P(’,(rh\z,) -0.00243 —0.00243 —0.02734 —0.01463 —-0.01374 —0.01153
Py 0.01339 0.01387 0.01577 0.01830 0.01885 0.02080
fv(o) 0.00662 0.00202 0.01795 0.01487 0.00536 0.01010
. t2(s)ls Y 21m3 B
Fy(S)=—( = (12 f2(m2)= L (V—1717), (16)
s—my+imyIy 16ma

fy(S) describes the momentum dependence of the coupling’€n fv(0) would follow as written in Table I.

strength of the vector interaction in theV transition, i.e.,

(Ofuy, U V(@) =f\(g?)e,, (13
and has been derived as follo\6):

fu(s) s .

= =1+—[P|,—Py9)], 14

F(0) PV[ v—Pu(s)] (14

under the assumption that the vector mesons are bound states

of the pairu'u’. Here,

m2 - ~
PU(S)= —o| —4— —— +4 1+ —
V( ) 47725 Ei ( 2m3|)
X —— —larctah—— 15
S \/4m3i/s—1

is obtained from a dispersion relation involving the ima
nary part of the quark-loop diagram, whitg, andP;, are the
subtraction constants. Kinematically the above interpola
equation offy, is valid only for the G<s<m? region. For the
s>m? region | use the same assumption foundéh that is,
fy(s>md)=f,(m2). In principle, the ratio in Eq.(14)
should be obtained from the known data of ¥@roduction
cross section by off-shell and on-shell photons.

The subtraction constants in E(l4) are written in the
lower part of Table | for each vector meson. The results
determined by using the data in the upper table, puttigg

~(2myi) andP\,=0.043 for allV's. Unfortunately, there are

no data of photoproduction for higher excited stategpéo
let me use the same average valtig0)/f\(m?2)|~0.35 for
V=g, ¢" " and |f,(0)/fy(m2)|~0.92 for V=p,w

which fit the data orp,w, and ¢ [6]. This fact is also the
reason why other resonances higher tig@nare not consid-

ered here. Otherwisé, (mZ) can be obtained from the data

on the leptonic widtH10], that is,

From Eqs.(7) and (8), it is obvious thatV}Vp/ViyVip
would induceCP violation in the channel. For convenience,

these terms can be collected a8} (V. ,/Vi,Vip) Co°7(S),
with

CoCP(S)=(3C;+Cy+3Cz+Cy+3Cs+Cy)

.. . 672 .
x| g(mg,8)—g(m,,8)~ —5 (V; Fy(s)
- Fv(é>) : (17)

V=p,w

Now let me derive some relations in the CKM unitarity
triangle and give the numerical calculation for the auxiliary
functions defined above. Especially it is worthwhile to see
how large the contribution o€, is. Using the Wolfenstein

parametrizatiorf9], one can rewrite the CKM factor as
r(e ’—r
V:unb ( ) L] = ’
i ——~1{ 1+r?—2rcosy (18

gl *

thvtb 2, i _

Nre™ ', g=s.

tion

As mentioned before, from Eq$4) and (18) it is obvious

that inb—slI™1~ decay, theuu loop andCy¢" is less im-

portant and negligible. In general one must treand y as

free parameters, while must be determined by the data of

Bg-gg mixing. However, in the SM the unitarity triangle is

satisfied in a good aproximation, so one can refaaadx to
ar&ach other as

r = \|x?—sir?y| + cosy.

Herex is determined by the experimental valuexgfin Bg-
Eg mixing, that is,

(19

1/2
|

Gg?/(67%)mg Mw’ 78, 7qcof 8, B, Fas=2l°
(20)
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TABLE Il. The values of parameters used throughout the paper.
3 Parameter Value
My 80.26+0.16 (GeV)
%m# o,c?| o b my 91.19+0.002(GeV)
e my 0.005(GeV)
my 0.139(GeV)
1 mg 1.4 (GeV)
mp 4.8 (GeV)
My 175+ 9 (GeV)
me 0.511(MeV)
) ) o m 105.66(MeV)
FIG. 2. The magnitude o€,°" with (solid thick curvé and mM 177722 (Mev)
without (solid thin curveé resonances fory,x) = (48.6°,0.778). The T ey
upper, middle and lower dashed curves show the magnitude without ’“(5) 5*2-356(26\/)
resonances for sameand y=0°,—90°,90°. A91CD 0.214 554 (GeV)
agED 129
with [11] ag(my) 0.117+0.005
Siré6,, 0.2325
4—15x,+ 12X12_ Xt3— 6Xt2|nxt Mgo 5279.2-1.8 (MeV)
Fag=2= 3 , (21 Tgo 1.28+0.06 (p9)
4(1-x,) Mco 0.55
N 173+40 (MeV
andx,= (m,/my,)?. For mg, and g, | usemgo and 7go. B(BBd—>XB:|V_) (10.4+ 0(.4)%)
The magnitude of {4V, ViyVip) Co<F as a function of Xq 0.73+0.05

sis depicted in Fig. 2. Here | use the following values for the
Wilson coefficients:

ol t2Mis L

C,=-0.2404, C,=1.1032, C5;=0.0107, +4|C,*" ———[1—mg—mg+mjq
S

C,=-0.0249, C;=0.0072, —%(861§+§+ r}]czlg)Jra(g)z(lJrrﬁcz])zz]

am?| .,
1+f[s(1+mq)
S

Ce=—0.03024, C,*"=-0.3109, Cg=-—0.1478,
_SRdcgeff)* C7Eﬁ

CoN©=4.1990, C,p=—4.5399,
—(1—-m?21+ effy % o
that are obtained by using the central values in Table Il. The (1=mg)" 1+ 4C2d Re(Co7) s
solid curves show the magnitude fot,k)=(48.6°,0.778) ~ o n
which is the best fit in the SM up to now and equivalent to +2C,*(1+ mé)]u(s)Z], (22)
(p,1)=(0.3,0.34). The upper, middle and lower dashed
curves show the magnitude without LD effects wigh-0°,

ey — JJra S N271 e ~ 12 _ ;
—90°,90°. It is obvious that the contribution is significant, Where u(s) _+\/[5_(1+mq)_][5_(1_mq) ], z=cod is
the angle off ™ measured with respect to tequark direc-

about~20% of Cg"'C in the lows region §<0.4). Now, | . - ¢ : S
' tion in the dilepton c.m. system, and the normalization factor
am ready to analyze the decay rate and asymmetries in the

channel.
—3 a® ViVel* 1

Bo=B(B—X.l v) = =
© 16 [Vl? f(M)k(my)

(23
Ill. DECAY RATE AND ASYMMETRIES

The double differential decay rate for semileptonicis to reduce the uncertainty due to thequark mass. In the
B—>XqI+I* decay, involving the lepton and light quark preceding notation, the CKM factor would read

masses, is expressed as IVE Vi Vep|2~N2x2. f(m,) is the phase space function
g = for I'(B— X.lv) in the parton model, whila(rhc) accounts
d“B(s,z) 5 /l_ﬂA 3| af|c,e? for the O(as) QCD correction to the decay. | write both
dsdz  ° 3 u(s)j 4LICo functions explicitly as
= CaoPIMf[ 1 =S+ mi]+[|Co*M?+|C o] f(me)=1-8m¢+8mi—m¢—24miinm,,  (24)
6m?

2

x| (1-mg)?=s*—u(s)? z K(Me)=1- >

2ay(my)[3 31, .
, o LIV T .
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dB/d3(x107°) Arp(8)

T 0.5 T

“0 02 04 06 08 L0

FIG. 4. Left: FB asymmetry foe™e™ with (thick curve and
without (thin curve resonances for(,x)=(48.6°,0.778). Right:
pame with the left for same& and y=90° (solid line) and 0°
(dashed ling

FIG. 3. Left: differential BR fore*e~ with (thick curve and
without (thin curve resonances fory,x) =(48.6°,0.778). The up-
per, middle and lower dashed curves show the SD contribution fo
same x and y=0°,90°,—90°. Right: same as the left foy

=48.6° andx=1.368(solid curve and 0.631(dashed curve . .
dependence of resonances in the channel is not as large as

A A . . o )
and use the values in Table If(m.)=0.542 andx(m.) th_e resglt ID[G]L ;I'here is only av4/? reducpo_on compared
—0.885. with using fy,(my) for all of the region. This is because of

the 15 suppression in Eq12) [12].
Next, | am going to examine some measurements that are
sensitive toy and less sensitive . This may be achieved

Now, let me consider the dilepton invariant mass distri-py considering the asymmetries and normalizing them with
bution of the differential branching rati®@R). It can be ob-  the differential BR to eliminate the CKM factor.

tained by integrating Eq22) over the whole region of vari-

A. Decay rate

ablez, B. Forward-backward asymmetry
dg(g) fl g dzB(é,z) 26 First, |1 provide the FB asymmetry. The normalized FB
— = z—. i i .
ds . dsdz asymmetry is defined as follow43]:
1 R R 0 R R
This gives f dz[dzB(s,z)/dsdz]—f dZ d%B(s,z)/dsdz]
- . 0 -1
dBs) 4 | am? (8= 0
PN -~ -~ 213 & = 212( & =
= =§Bo 1—%u(s) 6[|Co®M2— |Cyg2]MmA 1 -8 JO dZd B(s,z)/dsdz]+f_1dz[d B(s,z)/dsdz]
s s
_ dAgg(s)/ds 29
+ma]+[|Co®M2+]Cygl2]| (1—mi)?+s(1+m3) © dB(S)/ds
o anlz 1+2r?1|2/§ Then, after integrating Eq27) properly, the nominator reads
—28?+u(s)?—| +4|C,*MN2————
S s 2 =2
dApg(s ame. . -
oy cy g Ol 4B\ 1- T (8)2C d Re(C™ <3
X[2(1+mg)(1—mg)2—(1+14mi+mg)s ds s
.o 2m? +2C,*M(1+md)]. (29)
—(1+md)s?]+ 12Re Co*M* C,°M 1+ —'1 ! d
s In Fig. 4, | plot the FB asymmetry foB— Xse* e~ with
and without the resonances on the left, while on the right
X[(1=md)?=(1+md)s] ;. (27)  with varying y and keeping« constant.

The distribution of differential BR’s on the dilepton in- C. CPasymmetry

variant mass foB— X4e"e™ is given in Fig. 3 for various Using the same treatment as[BJ in the amplitude level,
values ofy andx. The high sensitivity o is mostly coming the normalizedCP asymmetry can be written simply as
from the CKM factor in Eq(23), while the sensitivity ony o A

seems significant only in the losregion. Then, in the high Aoo(3)= dB(f)/dAS_ dﬂ?)/d?

s region the differential BR may be a good test forand dB(s)/ds+dB(s)/ds

makes the loss oB3-BY mixing because of the theoretical 2d 2)/ds

uncertainties in the treatment of hadron matrix element _ A_ A-ACP(S) ? )
(B|O'O|B) good. | have made certain that the momentum dB(s)/ds+2dAcp(s)/ds

(30)
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FIG. 5. Left: CP asymmetry foe*e™ with (solid thick curve
and without (solid thin curve resonances for +X)

DETERMINATION OF THE CKM UNITARITY TRIANGLE ...

1781
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—0.05 | -
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FIG. 6. Left: LP asymmetry for-* 7~ with (solid thick curve
and without (solid thin curve resonances for +,x)

=(48.6°,0.778). The upper and lower dashed curves show the SE (48.6°,0.778). Right: same as the left but fof »~. The dashed

contribution for sam& andy=90°,—90°. Right:x as a function of

v where Icp=0. The dashed lines denote the upper and lower

bounds ofx in the SM.

where and B denote the BR ob_ﬂqlﬂ ~ and its complex
conjugateb— ql 1™, respectively. For convenienc8,°" is

divided into two terms according to the factor
V:qvublvikqvtb :
_ V*V
Coefl=Cot+—d PP, (31)
thth

Then, the result for the differenti@ P asymmetry is

dAcp(S) B
ds

*
quub

V:‘th b

(1—md)%+s(1+m?)

x[ Im[ Co* CoCP]
-2

ny A A ,2M - ~ A
—232+u(s)2T|+6m|2(1—s+m§)

2

2 .
+61m[C,*fCyCP]| 1+ %1[(1—m§)2
S

—(1+r?1§)§]]. (32)

In Fig. 5, | give the distribution otfcp (left figure) with
(solid thick line and without(solid thin line resonances. It

curves show the SD contribution for the samend y=0°,90°,
90°.

Eq. (18, Acp(B—XJ*17) would be ~5%
Acp(B— X4l "17) because of the suppression)d.

of

D. Lepton-polarization asymmetry

Up to now, all of the measurements have been less sensi-
tive to the lepton mass. Next, | provide the LP asymmetry
which must be considered for the heavy dilepton final state
and is proposed first ifil4] for B— X7" 7. Generally, the
normalized LP asymmetry is given as

. dB(s,n)/ds—dB(s,—n)/ds dA(s)/ds

Apl(8) = - —
dB(s,n)/ds+dB(s,—n)/ds dB(s)/ds
(34

with n is a unit vector of any given spin direction bf in its
rest frame. Then, for the longitudinal polarization, where
has the same direction with the momentunl of(p;-),

am?
BO 1_ =
S

—5(1+mZ)]+ReCo®M*[(1-mf)?

dAs(3) 8

— = U(s)C1o{6C,*(1—m3)?
ds

3

+5(1+map) — 25%]}. (35)
The distribution is depicted in Fig. 6. As shown in the

figure, for ther" 7~ final state the sensitivity ory is tiny.

The reason is that for the” 7~ final state the distribution

is easily understood that in the present case the dependengi@rts appearing in a region higher then (4m,2). On the

on v is large, because of the appearance of the factiory
fr_om the CKM factor in Eq.32). Moreover, it is clear that

Acp will be nonzero if the imaginary part of Eq18) is

nonzero. Anyway, a condition thaTCp=0 for g=d in the
SM is satisfied by the following equation:

1
x2=sirfy| 1+ yit V|3+4coty|)?],

by using Eq.(19). The right part of Fig. 5 is plotted based on

(33

this equation. As depicted in the figure, there are still al-

lowed regions ofy Where,TCp=O. Notice again that from

other hand, generally the high sensitivity gris expected in

the low s region. So it may be interesting to consider the
transversal polarization which has a different strucfur.
Unfortunately, | have checked, and the transversal lepton po-
larization asymmetry is too small for a light dilepton such as
uu”, so one must consider” 7~ again, the distribution

which is limited for higher§ regions.

IV. SUMMARY

| have shown how to extract the angje of the CKM
unitarity triangle by inclusivé— X4l "I ~ decay and the data
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of x4 in the SM. As a result, | can finally make the following information fory. This information is a crucial test of CKM
points. unitarity as well as leading to the discovery of unitarity vio-

(1) For the lows region, i.e., 0.£5<0.3, 5-10 % dis- lation.
crepancies iB(B—Xq4e"e™) and A p(B— Xgqut ™) may
be good signals for th€ P violation factor defined here.
(2) According to the fact that the sensitivity onin the ACKNOWLEDGMENTS

high s region, i.e.,s>0.6, is tiny, a measurement gfmay | thank T. Muta for reading the manuscript, M. R. Ah-
be done by exploring one of the measurements discussed iﬂady and Y. Kiyo for useful discussion andependence in
the present paper in addition to the present datesdh By the long distance effects and D. X. Zhang for pointing out
—Eg mixing. the 142 dependence in the leptonic decay of vector mesons.

(3) CP violation asymmetry in the channel should mea-| also would like to thank the Particle Elementary Physics
sure the dependence ognlt will, at least, be a good probe to Group for the warm hospitality during my stay at ICTP Italy
determine the sign of the angle during the last stages of this work and the Ministry of Edu-

To conclude, the measurements of the decay rate anchtion, Science and Cultui®onbusho-Japarfor financial
asymmetries irB— X4l "1~ decay will provide independent support.
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