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Constraining the CKM angle y and penguin contributions
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Motivated by recent CLEO measurement®of mK modes, we investigate their implications for the CKM
angley and a consistent description of these decays within the standard model. Interestingly it turns out that
already the measurement of the combined branching r&tios: #=K andBy— w*K* allows us to derive
stringent constraints of which are complementary to the presently allowed range for that angle. This range,
arising from the usual fits of the unitarity triangle, is typically symmetric aroun®0°, while our method can
in principle excludea range of this kind. Consistency within the standard model implies furthermore bounds on
the ratior=|T’|/|P| of the current-current and penguin operator contributiorgte 7K™, and upper limits
for the CP-violating asymmetry arising in that decay. Commonly accepted means to estilyiatd values at
the edge of compatibility with the present CLEO measurem¢B@556-282(98)01205-3

PACS numbgs): 12.15.Hh, 11.30.Er, 13.25.Hw, 14.40.Nd

. INTRODUCTION a 1
BR(By— 7 K*)= Sl BR(B{— 7 K™)

Recently the CLEO Collaboration has presented a first
measurement of some exclusize— 7K modes[1]. These
modes are of particular interest since during the past years. .
several strategig?] have been proposed to use such decay¥'ith rather large uncertainties:
for the extraction of angles of the unitarity triand& of the

+ BR(BS— 7K™, 2

+ + _ 1.1+0.2 —
Cabibbo-Kobayashi-Maskaw&KM) matrix [4], in particu- BR(B*—7"K)=(2.3[1303+0.2x10°° (3
lar for the angley which is an experimental challenge at -
B-factories. To this end flavor symmetries of strong interac- BR(By— 7 K*)=(1.5"35"21+0.)x 1075 (4

tions are used. Unfortunately electroweak penguin diagrams
play in certain cases an important role and even spoil somat first sight one would think that measurements of such
of these methodp5,6]. Because of this feature rather com- combined branching ratios are not useful with respect to con-
plicated strategiel2,6,7] are needed that are in most cases—strainingy. However, as we will work out in this paper, this
requiring, e.g., the geometrical construction of quadrangless not the case. First, nontrivial bounds grof the structure
amongB— 7K decay amplitudes—very difficult from an ex-
perimental point of view. 0°=sy<ry, \/ 180°—y,<y =<180°, 5)

A much simpler approach to determiyavas proposed in
[8]. It uses the branching ratios for the dec®/s— 7 K°, where vy, is related to the ratio of the combined branching
BS— 7 K™, and their charge conjugates. If the magnituderatios(1) and(2), can be obtained. Second, the ratiof the
of the current-current amplitudd’ contributing to By  current-current amplitudgr’| to the penguin amplitudEP |
— o K™ is known(we will discuss this point in more detail contributing toB;— 7*K* can be constrained. Moreover, it
laten), two amplitude triangles can be constructed with theis possible to derive a simple formula for the maximally
help of these branching ratios that allow in particular theallowed value of the magnitude of the direct CP-violating
extraction ofry. asymmetry,

Since experimental data foB*—#7"K® and B oo
— K" are now starting to become available, we think it is Acp(Bg— 7 K™)
an important and interesting issue to analyze the implications BR(Bgﬂw‘Kﬂ— BR(Eﬁ% 7K)

of these measurements fogr and the description of these , (6)
decays within the standard model in general. So far the BR(BJ— 7 K™)+ BR(gg—mr*K*)

CLEO Collaboration has presented only results for the com-

bined branching ratios which can be accommodated within the standard model. In

the future, when the CLEO measurements will become more
accurate, these constraints gnr, and| AY(B— 7 K ™)|

. L, 1 . o should become more and more restrictive. If the amplitude

BR(B™—m~K)= §[ BR(B™—m"K) ratio r should lie far off its standard model expectation and
_ CLEO should measure &P-violating asymmetry inBy

+ BR(B"— 7 K9], (1) — oK™ that is considerably larger than the corresponding

0556-2821/98/5(6)/27528)/$15.00 57 2752 © 1998 The American Physical Society



57 CONSTRAINING THE CKM ANGLE y AND PENGUIN . .. 2753

bounds on that observable obtained along the lines proposdikerature (we will comment on this point in Sec. Jllit can
in our paper, one would have indications for physics beyonghe shown that thé— s penguin amplitudé® takes the fol-
the standard model. lowing form [2,10]:

In Sec. Il we set the stage for our discussion by giving the
formulas for the decay amplitudes &' — 7 "K° and B B=ei"el %P, (11)
— o~ K" within the standard model. Quantitative estimates

for the branching ratios of these decays are presented in Segere 55 is again aC P-conserving strong phase arising from
lll. There we also emphasize the importance of penguin diafing| state interactions, while only a triviaC P-violating
grams with internal charm quarks to get results of the samg,q5k phase appears in E4.1) ase'™=—1. The amplitude
order of magnitude as the recent CLEO measurements. Th§,cture of Eq(7) is analogous.

formula for y, constrainingy through Eq(5) is then derived Consequently the amplitude for the decay of the neutral

in Sec. IV, where we also give analytical expressions forgo P b
dir 10 20 X 4 meson is given by

bounds orr and| AgH(By— 7~ K™)| following from a mea-

surement of the combined branching ratid$ and (2). In A(B%— W7K+):eig,;|—|:~,|[1_eiyei{sr] (12

Sec. V we analyze the corresponding constraints arising from d '

the present CLEO results and conclude our paper with a brief

outlook in Sec. VI. Where

T/
Il. DESCRIPTION OF B*—#+*K® AND Bi—#~K* r= |~—| (13
WITHIN THE STANDARD MODEL P
Using a similar notation as if6,9], the amplitudes for the and s is defined as the difference of the strong phases’of
decays under consideration can be writteri&s andP through
A(B"— 7 K®) =P +cqPey, (7) 5= 67— 55 (14)
A(BY— 7 K")=—[(P'+c,P) +T' ]1=—[P+T], Taking into account phase space, the branching rati@for

(8) —m K" is given by

whereP', P’ denote QCD penguin amplitudeBLS,, PLS, BR(Bj—m K*)
correspond to color-suppressed electroweak penguin contri-

butions, andT’ is the color-allowedb—uus current- L 0 i
current amplitudé.The primes remind us that we are dealing 1677MB0<D(M w /Mg, M+ Mgg)|A(Bg— 7 KT)[%,
with b— s modes, the minus sign in E¢B) is due to our ‘

definition of meson statd®], andc,=+2/3 andcy=—1/3 (15

are the up- and down-type quark charges, respectively. The ) 0 e
amplitudeP in Eq. (8) is a shorthand notation for the pen- Whereng is the By lifetime and
guin contributions tBJ— 7 K™, i.e.

D(x,y)=V[1—(x+y)*[1- (x—y)’] (16)

P—p’ 1C
P=P +CuPew- © the usual two-body phase space function. Using @¢)

. . ives
Whereas it is straightforward to show that the current—g

current amplitudd’ can be written in the standard model as |A(Bg—> K= |5|2[1—2rcos( 5+y)+12], (17)

I — Al Yal 67| T
T'=e7e (T, (10 while we have, for theC P-conjugate process,

where 67/ is a CP-conserving strong phase andthe usual
angle of the unitarity triangle, the penguin amplituBieis
more mvplved. Here one has to degl V\."th three fj'ff‘.arentcorresponding to the replacement> — y. The present data
contributions corresponding to penguin diagrams with inter- . -0
nal up-, charm-, and top-quark exchanges. Taking into ac@') reported Tece.”“y by CLEO is an average oBérandBd
count all three of these contributions amot assuming domi-  decays that is given by

nance of internal top quarks as is frequently done in the

|A(BS— 7K ™)|?=|P|[1-2rcoq 6— y)+r?], (18

TBd

BR(By—7"K*)= T5My
d

®(M, /Mg My /Mg )

ILet us note that we have neglected a highly suppressed annihila-
tion contribution in Eq.(7) which is expected to play an even less X(|A(Bg— WIKi)|2>, (29
important role than the color-suppressed electroweak penguin dia-
grams[6]. with
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_ 1
(|ABg— 7 K*)[?)=S[|A(Bg— 7 K")|?

+|ABg—m"K)[?L. (20
Combining Egs(17) and(18) yields
(|A(Bg— 77 K*)|?)=|P|?[1—2rcosscosy+r?],
(21)

whereas the direct P-violating asymmetry(6) can be ex-
pressed as

PI”

ATBY— 7 KT)=2 rsindsiny.

(22

(|A(Bg— 7 K*)|?)

Taking into account that no nontrivial P-violating weak
phase is present in E¢7) implies

ABT =7 KO =A(B =7 KD9), (23

so that we get

7B,

BR(B™ — 7 K)= 15— M

(I)(M /Mg M /Mg )

><|A(B+_>7T+K°)|2. (24)
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\E
10

—v:;vmk; QCi(w) 27

where Q, are local four-quark operators a® () denote
Wilson coefficient functions calculated at a renormalization
scaleu=O(my). The technical details of the evaluation of
such Hamiltonians beyond the leading logarithmic approxi-
mation has been reviewed recently[il], where the exact
definitions of the current-current operatd@y ,, Q7 ,, the
QCD penguin operatoQs,...,Qg, the electroweak penguin
operatorQ,...,Q1, and numerical values of their Wilson
coefficients can be found. Note that the operaffs, con-
tribute to B— 7K modes only through penguinlike matrix
elementgsee, e.g[12,13) that are included by definition in
the penguin amplitudes. A similar comment applies to effects
of inelastic final state interactions that originate, e.g., from
the rescattering proce®)—{DJ D }— = K. In our no-
tation these contributions are related to penguin like matrix
elements of the current-current operators and are also in-
cluded inP’.

The color-allowed amplitudél'=e 2T’ contributing

to BQ— 7K™ is related to hadronic matrix elements of the
current-current operato®; and Q5 given by[8]

The color-suppressed electroweak penguin contributions

Pry, andPLy, in Eq. (7) and (8) are expected to play a very

mlnor role with respect to the QCD penguin amplitud&s
and P’ as we will see explicitly in Sec. Il]2]. Neglecting

these contributions and using ti$8J(2) isospin symmetry

(K™7"|Qi|B d> (K™7™|( SauB)V—A(u_,Bba)V—A|E2>'
(28

(K™ 7" |QYBY=(K™7"|(su) v.a(ub) v.a|BY), (29)

of strong interactions allows us to relate the penguin ampli-
tude P relevant forBy— 7 "K™ to the B*—#*K decay Wherea andp denoteSU(3)c color indices and V-A refers

amplitude through

P=P'=P'=AB*—7KO). (29)

The magnitude of the right-hand side of this equation can b&'=P’, P’ES\, Py

obtained from the measur®f" — 7K branching ratio with

the help of Eq(24). Consequently we get the following re-

lation:

BR(B*—m"K)
—rsinésiny,

d|r (BO —
BR(By— 7 K*)
(26)

T KY)=2

where the very small phase space difference betwg&én

— K andBy— 7" K* has been neglected and the relevant

B lifetime and mass ratios have been set to unity.

IIl. SEMIQUANTITATIVE ESTIMATES

Let us have a brief look at the theoretical framework to

to the Lorentz structure/,(1— ys). As in the case lez,
penguin like matrix elements of the current-current operators
Q1 , with up quarks runing as a virtual particles in the loops
[12,13 contribute by definition to the penguin amplitudes
w and not toT . Introducing nonpertur-
batrveB parameters Eq$28) and (29) can be written as

(K™ 77| QY(w) B =3B1(m) F, (30
(K™ 7*QY(w) B =Ba(u)F, (31)

where F corresponds to the “factorized” matrix element
(K™|(sU) v-al0){7 | (ub) V—A|§g> and By(u)#1 param-
etrizes deviations from factorization. Consequently we get

G Bi(u)
T = 2V 3 o) G ol o) 7

(32

describe theB— wK decays relevant for our analysis. They
are described by low energy effective Hamiltonians takingwhich can be written by introducing the phenomenological
the following form: color factora; [14,15 as
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—  Gg_, 1 m2—k?x(1—x)
T =- Evusvubalj’-'. (33 G(m¢,k,mp)=— 4J0 dxx(1=x)In| ————|,
b
(37)
The minus sign is due to our definition of meson statee
also the remark after E48)]. wherem, is the charm quark mass akddenotes some av-

For the following discussiofiT’| plays an important role erage four-momentum of the virtual gluons and photons ap-
and can be written with the help of the “factorization” as- pearing in corresponding penguin diagrajag,13. Simple
sumption as kinematical considerations at the quark level imply the fol-

lowing “physical” range for this parametd25,26:

Gr
T'|lfac=—= N Vuplai(M3 —M2)f Fg.(MZ;07), 1 k¥ 1
| ||fact \/E | ub| 1( By KB ZS_SE- (38)
(39 m

wherex=0.22 is the Wolfenstein parametd6] and F has  In the case of thé—s penguin processes considered here,
been expressed in terms of quark-current form fadtd4§.  the penguin like matrix elements @j, are highly sup-
The presently allowed range fofV,, is given by pressed with respect to those Qﬁ,z by the CKM factor
(3.2+0.8)x 1073 [17]. Data fromB3—D®)* 7~ andBY  [ViVul/|VeVeo =A?R,=0(0.02) and have been ne-
—D®)*p~ decays implya; = 1.06+0.03+0.06[18]. From  glected in Eq.(36). These terms may lead ©P asymme-
a theoretical point of viewa, is very stable foB decays and tries in B*— 7K that are at most o(1%) andconse-
lies within the rangea;=1.01+0.02 [19]. Although the duently affect the relatiof23) to a very small exter|t12,22.
“factorization” hypothesig[20] is in general questionable, it ~ AS was stressed ifil2], a consistent calculation using
may work with reasonable accuracy for the color-allowednéxt-to-leading ordefNLO) Wilson coefficients requires the
current-current amplitudd’ [21]. Using the form factor inclusion of the penguinlike matrix elements of the current-
Fg,(M2:07)=0.3 as obtained in the Bauer-Stech-Wirbel current operators discussed above. The point is that the
(BSW) model[14] yields renormalization scheme dependences of these matrix ele-
ments cancel those of the,’s leading to the scheme inde-
pendent Wilson coefficient€,. On the other hand, using
X7.8x10°9GeV. (35 leading order(LO) Wilson coefficientsCL°, these matrix
elements have to be dropped so that we have, in this case,

|Vub|
3.2x10°3
In contrast to the case df', the use of the factorization
assumption is questionable for the penguin amplitBdéet _ E
us nevertheless use that approach to get some feeling for the P|fLa?:t: - —Akz[
expected orders of magnitudes. Following the formalism de- V2
veloped in[12,13,23 and using the Wolfenstein expansion 2M2 (1 1
[16] with A=0.810+0.058 and Ry=|Vyul/(N|Vep|) (gcg°+cg°+§c§0+c;0)
=0.363+0.073[23], the b— s penguin amplitudg9) can
be expressed as

|T,||fact: a

Tewyctor ety cio
33 439 10

o F. (39

Using numerical values for the Wilson coefficients, we
find that the contribution of the electroweak penguin opera-

2
’|5|fact: — EA)\Z[EC_3+C_4+ EC_9+C_10+ 2Mi tors toP i; below theO(l%) Ieyel so that the approximation
V2 3 msmy, of neglecting theP LS, contributionsgsee the comment before
Eq. (25] seems to be on solid ground. Evaluating the
%| ZCot Cort EC—JFC— n ag(my) branching ratios for the penguin mod&" — 7*K corre-
375 e gmri e 97 sponding to Eqs(36) and (39), we find (as can be seen
) already in the tables given ifl2]; see alsg27]) that the
X 1_O_G(m k,my) | 1+ ZMK) penguins with internal charm quarks lead to a dramatic en-
9 c b mgm, hancement. This feature can be seen in Fig. 1, where we
show the dependence of BR{— mK)|pe On k2 for
wles de (&) }C—ZH r (36 A=081,Fg,(M%;0")=03, andrs =16 ps. Using Eq,
as(Mp) 3 (33) with a;=1, these branching ratios correspond to the

_ . o ~amplitude ratios shown in Fig. 2, where we have chosen
where we have used in addition to the factorization approxir, =0.36 to evaluate these plots. Consequently in this rather
mation the equations of motion for the quark fields leading tosimple model calculation the penguin matrix elements with
the terms proportional tiM ﬁ/(msmb). The Cy’s refer to  internal charm quarks lead to an enhancement of BR(
pw=m, and denote the next-to-leading order scheme-—7=K) by a factor of~3 and to a reduction of by ~2.
independent Wilson coefficient functions introduced by Bu-Interestingly the CLEO result3) does already rule out the
ras et al. in [24]. The functionG(m,,k,my) is related to LO curve in Fig. 1. The NLO result, however, still has some
one-loop penguin matrix elements of the current-current opedependence ok? which will disappear once a nonperturba-
eratorsQf , with internal charm quarks and is given by tive calculation of the matrix elements becomes available.
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20 ' ' ' ' bined branching ratios BR{"—m~K) and BR@q
—m*K*) specified in Eqs(1) and (2), respectively. Such
18T ] measurements allow us moreover to restrict the range of
sl | and to give upper bounds for the dire€@P asymmetry
' |AdL(BS— 7~ K ™)|. To this end the quantity
1.2 | 1 Frey|2
A(By—77K™)
‘ RE<| (Bg > %) (40)
S0} —— NLO Penguins - |P|2
@ ——- LO Penguins .
08 | . turns out to be very useful. Neglecting the small phase space
difference betweeBy— 7"K* and B*— 7K and using
o5¢ _ ] Egs.(19), (24), and(25) yields
02| ] BR(By— 7 K™
R ( a7t ), 1)
0.0 . ' . . BR(B*— 7=K)
0.0 0.2 04 08 0.8 1.0
K'/m, where the ratio of the relevaBt-meson lifetimes and masses

has been set to unity as in E@6). ConsequenthR can be

* 2
(4':} IG. 1. The dependence of BB{— " K)laa on k* for g 04 through the measured branching rat@sand (4). Us-
Ays=0.3 GeV. The difference between the NLO and LO curves iSing E ;
. ) g Eq.(21) gives
explained in the text.

Still the agreement with the present CLEO data is remark- C=cos5cosy= £+ Er_ (42)
able although it is a bit on the lower side. 2r 2

In a similar spirit we can arrive at some estimate of the ) i i ,
CP-conserving strong phase defined in Etg). We obtain In the foIIowmg con5|derat|on_s we will kee_ﬁ as a_free
5=0° if we use Eq.(39) for P. Including the important parameter leading to the relatipoosy|=|C| which implies

penguin matrix elements with internal charm quarks through yo=arccog|C|) (43)

Eq. (36) gives values of within the range-30°< 6<0°. In

Spite of all the caveats connected with factorization we Sti”for the range(5)_ SinceC is given by the product of two

consider it safe to extract the sign of édsom this discus-  cosines, it has to lie within the rangel<C<+1. AsR is

sion. Hence we have very probably ¢o<0. . fixed through Eq(41), this range has the following implica-
Finally we want to stress that none of the crude estimategq, for r-

discussed above are needed for the analysis presented in Sec.

V. The only purpose to include these results in our paper is [1- J§|srs1+ JR. (44
to update previous theoretical work given the new input from
CLEO. The magnitude of the dire@ P-violating asymmetry22) in

_ Bgﬂ 7~ K* can be expressed with the helpRfandC as
IV. CONSTRAINTS ON 1y, r, AND |AY(BS— 7~ K™)|

In this section we will derive some simple relations allow- |AZ(BS— m K T)|=2=\sify—C?tarfy. (45
ing to constrain the CKM angles by measuring the com- R
0.40 . . . . Keepingr andR fixed, thisCP asymmetry takes its maximal
value
0.35 | o o e e e e e e e 1 _ r
[AZE(Bi— 7 K" ma=25(1=[C)  (46)
0.30 | R . 1
LO Penguins for
—— NLO Penguins
- 05 ] ] Ymax=arcco$v/|C|)\/ yma= 180°—arccos y|C|),
(47)
020 I whereC is expressed in terms ofandR in Eq. (42).
015 | 1 V. IMPLICATIONS OF THE CLEO MEASUREMENTS
In this section we shall discuss the implications of the
0105 0.2 o4 0.6 0.8 10 recent CLEO measurements l_Jsing the relations derived in
K¥m,? the last section. In particular it will become clear that an

experimental improvement will make these constraints much
FIG. 2. The dependence of;. on k? for A%: 0.3 GeV. The more stringent as they appear using present data.
difference between the NLO and LO curves is explained in the text. The recent CLEO measurements given in E§sand(4)
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FIG. 3. The dependence &f on the amplitude ratio for vari-

ous values oR. FIG. 4. The dependence of, constraining the CKM angley

through Eq.(5) on the amplitude ratio for various values oR.

allow us to determine the value &. Putting the numbers

and adding the errors in quadrature gives which can be translated easily into an upper boundr on

Using the minimal and central values X10 ° and
R=0.65+0.40. (48)  2.3x10 ° of the branching ratio in Eq$3), (50) leads to

In Fig. 3 we show the dependence of the quarfiitdefined r<0.51 and r=<0.35, (52

by Eq. (42) on the amplitude ratio=|T’|/|P| for various . : . .
values ofR within that experimentally fixed range. This fig- respectively. However, given all the assumptions Ieadlr)g to
ure illustrates nicely the constraints ergiven in Eq.(44) these bounds, we shall not exclude the possibility of having a
arising from the fE;/Ct thaC has to Iiergwithin theq.ran e larger value ofr within the limits (44) in what follows and
- 1<%< 1 9 consider all guantities as functions rof

As is obvious from the discussions in Sec. Il andilgan us:;l':\',?é A:c,r\?laellp:;,tshhnig?r? s;trg:tgzl EZtevLuennCt(l)o"n :rt dAféo
in principle be determined in a direct way. Using ER5), L . xranges be
the denominator is fixed by the penguin ded@§— 7*K which is determined fronCP violation in the kaon system
The numerator is more difficult to obtain. One possibility is [17]. Bec‘?‘use of the two pOSSIbI|ItI6§'fOI‘ the sign of dose
to use Eq(35), leading to _have to discuss two cases. For positive&the sign of coy

' is the same as the one Gf Thus forR<1 we can constrain

IVl 23105 . the angley between 0° andy<90°. For the small window
r=0.16xa,; X ub 3 \/ i u J R>1, which is still allowed due to the large experimental
3.2x10 BR(B*—m*K)|[1.6 P uncertainty,C becomes negative for</R—1, implying

(49 thaty lies within the range 90%180°— y,=< y<180° in that

However, this expression relies on factorization and uncertase: If CbO§ IS neﬁqatlvhe, the S|tu§t|on r(;verses.

tainties become hard to estimate. Another way would be to _It 1S ohwous t”at the colnstr(?{lr?t on ecorges mori re-
relate | T'| to some current-current-dominated process. AsSUicCtive the smaller the value @1 is. As can be seen from
suming flavorSU(3), a possible mode B* — 7 7 which Fig. 4,R=1 is an important special case. The point is that

receives only color-allowed and color-suppressed currenfOf R<1 one can always constraindependent of, while
current and negligibly small electroweak penguin contribu-R>1 requires some knowledge aboutror R<'1 the maxi-

tions. Including factorizabl&U(3) breaking we obtaifig] ~ Mal value ofy is given by

vo¥=arccos\1—-R). (53

In particular, if R is significantly smaller than 1, we may
[i)_lace stringent restrictions op For instance, taking the cen-

where we have neglected the color-suppressed curren X oo,
current contributions. An interesting experimental consis-tral value of the CLEO measurement we hay”=54°; for

max__ o
tency check would be the comparison of E(g8) with (50). & value at the lower end of EG#8) we have every,™=30°.
Unfortunately theB*— 7= % mode has not yet been mea- If one is to tgke the Iovyer limit in Eq52) corresponding to
sured. However, recently the CLEO Collaboration has reR=0.65 serious, one findg,<48°.

- dir (R0
ported the following upper limit for the corresponding !N Fig. 5 we show the dependence dfAcp(By
branching ratid 1] —a~ K™)| onr for various values oR within the experi-

mental rang€48). In contrast to the case ofit is impossible
BR(B*— 7~ 79)<2.0x10°°, (51)  to constrain tha€ P asymmetry without any knowledge of

f
T'|=A g V2IAB 779, (50
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1.0 . . . w compatible, this means that has to be either between 40°
oo | and 54° or between 126° and 140°. Based on the discussion
. / .
/ of Sec. lll we conclude that the former range is the preferred
0.8 | / one since most probably c8s0. In the case of the central
0.7 value of Eq.(54), i.e., y=90°, we haveC=0 and get there-
fore the relatiorr = VR—1 betweerr andR independent of
06 [ / the value ofs. Note that in this case necessafly-1. Using
05| i our bound(52) onr implies thus kX R= 1.25 fory=90°. If
= ! r should be of0(0.2) as expected, we would practically fix
04 r L Reios R to be 1<R= 1.04. However, this corresponds to the upper
03 | ,’ e end of the present CLEO range. ¥fis close to 90°, future
/ ! —-— R=0.25 measurements either have a valueRotlose to unity or it
02r /l ! will become increasingly difficult to accommodate the situ-
o1/ I.’ ation within the standard model.
/ h Although some of our bounds are independent of the ratio
0.0 L& ' ‘ r, this quantity is still one of the main ingredients of the

700 02 04 06 08 10 12 14 16 18 20 = [lle ;
r presented approach. The range implied by pure consistency
_ given in Eqg.(44) is quite generous. Using other input to
| Adﬁl((;éojw:rlgf)|d:np(tel::z;:elitSIiet:]aeticnmf?r(l\r;?:ogsl\lf:ﬁesozf access|T’| and |P|, such as factorization for the color-
cPitd P allowed current-current amplitude or data B — 7= 7,
consistently indicates small values iof It is interesting to
. . ir 750 note that these smallish values are already at the edge of
Comlng+ back to the previous example, we haytgP(Bd compatibility with the CLEO measurements.
—m K")|<0.35 forR=0.65 andr bounded by the lower "5 e important experimental task is to search for di-

value of Eq.(52). rect CP violation in B4— 7~ K* which would immediately
rule out “superweak” models o€ P violation [28]. Ruling
V1. CONCLUSIONS AND OUTLOOK out these scenarios with the help of ti@&P asymmetry is,

In the present paper we have shown that a measuremefipwever, not the only possibility; if one should measure
CP-violating effects inBy— 7K~ that are inconsistent

of the combined branching ratid4) and (2) allows one to )
with the upper limits o ASL(B3— 7~ K*)| obtained along

obtain useful constraints oy and directCP violation in _ - cP nyg
By— m* K™ even with rather large experimental uncertain-the lines proposed in our paper, one would also have indica-

ties. Needless to say, an improvement on the experiment&Pns for physics beyond the standard model. .
In conclusion, we have demonstrated that the combined

side will sharpen the bounds ansubstantially; in particular

it would be useful to further constraR to the regionrR<1. B—mK branching ratios reported recently by the CLEO

Obviously another important step would be a separate med-0llaboration may lead to stringent constraintsythat are

surement of th&* — 7K B~ — 7 K©° and Bg_)W7K+ complementary to the presently allowed region of that angle

=0 4 , N : ' obtained with the help of the usual indirect methods to de-

B y—m K™ branching ratios which may lead to a determi- o rmine the unitarity triangle. These measurements provide

nation of y as proposed if8]. _ _ in addition a powerful tool to check the consistency of the
Looking at the bounds ory we have derived in the gandard model description of these decays and to search for

present paper, they are complementary to what is obtained,e\, physics.” In this respect direcEP violation in By

from a global fit of the unitarity triangle using experimental _, _+k +"is also expected to play an important role. Once

data onVey|, [Vypl/|Vepl, B3-B § mixing, andCP violation  more data come in confirming values B& 1, the B— K

in the neutralK-meson systeriil 7,23. Typically that range modes discussed in our paper may put the standard model to

for v using present data is a decisive test and could open a window to “new physics.”

40°< y=140°. (54) ACKNOWLEDGMENTS

Note that the allowed range is symmetric aroupe 90°, This work was supported by DFG under contract Ma
while in our approach wexcludea range symmetric with 1187/7-1,2 and by the Graduiertenkolleg “Elementart-
respect to 90° forR<1. For instance, taking the central eilchenphysik and Beschleunigern.” R.F. would like to
value R=0.65, we have &y<yg®=54° or thank James Alexander and Frank Mfwein for conversa-

126°< y=180° depending on the sign of cddn order to be tions about theB— 7K CLEO results.




57

CONSTRAINING THE CKM ANGLE y AND PENGUIN . ..

2759

[1] CLEO Collaboration, J. Alexander, presented at the 2nd Inter{18] T. E. Browder, inlCHEP96, Proceedings of the 28th Interna-

national Conference o Physics and CP Violation, Honolulu,
Hawaii, 1997; CLEO Collaboration, F. Wihwein, presented
at MPI Heidelberg and private communication.

[2] For a recent review see R. Fleischer, Int. J. Mod. Phy&2A
2459 (1997).

[3]L. L. Chau and W.-Y. Keung, Phys. Rev. Le®3, 1802
(1989; C. Jarlskog and R. Stora, Phys. Lett. 28 268
(1988.

[4] N. Cabibbo, Phys. Rev. Letfl0, 531 (1963; M. Kobayashi
and K. Maskawa, Prog. Theor. Phyk, 282 (1972.

[5] N. G. Deshpande and X.-G. He, Phys. Rev. Lé®, 26
(1995; 74, 4099(1995.

[6] M. Gronau, O. F. Hernadez, D. London, and J. L. Rosner,
Phys. Rev. D62, 6374(1995.

[7] N. G. Deshpande and X.-G. He, Phys. Rev. L&, 3064
(1995.

[8] R. Fleischer, Phys. Lett. B65 399 (1996.

[9] M. Gronau, O. F. Hernadez, D. London, and J. L. Rosner,
Phys. Rev. D62, 6356(1995.

[10] A. J. Buras and R. Fleischer, Phys. Lett3B1, 379(1999; R.
Fleischer,ibid. 341, 205 (1994).

[11] G. Buchalla, A. J. Buras, and M. Lautenbacher, Rev. Mod.

Phys.68, 1125(1996.

[12] R. Fleischer, Diploma thesis, Technical University Munich,

1992; Z. Phys. (58, 483(1993

[13] R. Fleischer, Z. Phys. 82, 81 (1994.

[14] M. Bauer, B. Stech, and M. Wirbel, Z. Phys.29, 637(1985;
34, 103(1987.

[15] M. Neubert, V. Rieckert, B. Stech, and Q. P. Xu, hteavy
Flavours edited by A. J. Buras and M. LindnéWorld Scien-
tific, Singapore, 1992

[16] L. Wolfenstein, Phys. Rev. Letg1, 1945(1983.

[17] A. J. Buras and R. Fleischer, Heavy Flavours I} edited by
A. J. Buras and M. LindnefWorld Scientific, Singapore,
1997, hep-ph/9704376.

tional Conference on High Energy Physics, Warsaw, Poland,
edited by Z. Ajduk and A. WroblewsKWworld Scientific, Sin-
gapore, 199) hep-ph/9611373.

[19] A. J. Buras, Nucl. PhysB434, 606 (1995.

[20] J. Schwinger, Phys. Rev. Left2, 630(1964; R. P. Feynman,
in Symmetries in Particle Physicsdited by A. Zichichi(Aca-
demic, New York, 1965 O. Haan and B. Stech, Nucl. Phys.
B22, 448 (1970; D. Fakirov and B. Stechipid. B133 315
(1978; L. L. Chau, Phys. Re®5, 1 (1983.

[21] J. D. Bjorken,Physics Beyond the Standard Model/New De-
velopments in High-Energy PhysjcBroceedings of the Au-
tumn School, Lisbon, Portugal, and Crete, Greece, 1988, ed-
ited by G. Branco and J. Ram@iucl. Phys. B(Proc. Supp).

11, 325(1989]; in Gauge Bosens and Heavy Quarlio-
ceedings of the SLAC Summer Institute, Stanford, California,
1990, edited by J. Hawtorn&LAC Report No. 378, Stanford,
1999, p. 167.

[22] G. Kramer, W. F. Palmer, and H. Simma, Z. Phys6€; 429
(1995.

[23] A. Ali and D. London, inQCD 96 Proceedings of the Inter-
national Workshop, Montepellier, France, edited by S. Narison
[Nucl. Phys. B (Proc. Supp). 54A, 297 (1997], hep-
ph/9607392.

[24] A. J. Buras, M. Jamin, M. E. Lautenbacher, and P. H. Weisz,
Nucl. PhysB370, 69(1992; A. J. Buras, M. Jamin, and M. E.
Lautenbacheribid. B408 209 (1993.

[25] N. G. Deshpande and J. Trampetic, Phys. Rev4D 895
(1990; 41, 2926(1990.

[26] J.-M. Geaard and W.-S. Hou, Phys. Rev. £8, 2909 (1991);
Phys. Lett. B253 478(1991.

[27] M. Ciuchini, E. Franco, G. Martinelli, and L. Silvestrini, Nucl.
Phys.B501, 271(1997).

[28] L. Wolfenstein, Phys. Rev. Letl3, 562 (1964.



