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Within the standard modet;P rate asymmetries foB — K~ 7 could reach 10%. With strong
final state phases, they could go up to 20%—30%, even fokthe~ mode which would have the
opposite sign. We can account f&r 7+, K°7~, and¢ K rate data with new physics enhanced color
dipole coupling and destructive interference. Asymmetries could reach 40%—60%mnfoand ¢ K
modes and are all of the same sign. We are unable to account f& thé rate. Our inclusive study
supports our exclusive results. [S0031-9007(98)08019-3]

PACS numbers: 13.25.Hw, 11.30.Er, 12.38.Bx, 12.60.—i

Half a dozen charmless two-bodlydecays appeared in  f,.. — @[VubV:s(mOl + 207) — Vi Viicio;],

1997 [1], suggesting that loop induckd— s penguin pro- V2 B
cesses are prevalent. Recently, fi&r ~ rate has come (1)
down, and thek 7% mode has just been observed [2]. \yhere; is summed over, ¢, and; is summed oves to
Together withK ~ 7", all three modes are nowt1.4 X 8, with operators defined as

1073, with error bars of order 30%. The limit on the

; , = 7 S Lk - 7 Sy
pure penguin mod8 — ¢K < 0.5 X 1075, however, is ~ ?1 = #a¥ulbpSpy*Lia, Oy = #yuLbSy"Lu,

rather stringent. At present, one ha$10) events per ob- O35 = 5y,Lbgy"L(R)q,
served mode. A® Factories turn on at SLAC and KEK, Oue = 5-v LbndavEL(R
and with the CLEO Il upgrade at Cornell, these numbers 46 = SaYulbpdpy*LIR)qa .
should increase t® (10%) per experiment in two years and ~ as _. myq”

L Og = —5sio,,T? Rbgvy*T*
to O(10%) in five years. Many new modes would also 8= 4 St0ur 22 gy 149,

emerge. Equally crucial, one would finally have event ~ . : . .
by eventK /# separation. Thuglirect CP violating rate wheretog arlses_from_the dln\;\c/ensrllon ° col?r ?'%OQF
asymmetriesdcr) at30% and down tol 0% levels can be  OPErator, andg = p;, — p;. We have neglected elec-

probed in the above time frame. It is important to knOWtrioweak penguins for simplicity. The Wilson coefficients

whether such largecps are possible, and, if observed, c;are evgluated to next-to-leading order in aregu;arization
whether they would signal the presence of new physics. Scheme independent way, for, = 174 GeV, a,(mz) =
Within the standard model (SMycp for 5 — s modes ~ 0-118, and u = mp = 5 GeV. Numerically [4],c1, =
are Suppressed by [3] KMMYV;b)/(VCYV:b) . n/\Z < _0315?\4, 1150, C3456 — 0017, _0037, 0010, _0045,
1.7%, where A = |V,| and n < 0.36 is the singlecP ~ andcg ' = cy — g = —0.299. For absorptive parts, we
violating parameter in the Wolfenstein parametrizationadd css(¢>) = —Nes5(g®) = —P*“(¢%) for ¢ and u
of the Kobayashi-Maskawa (KM) matrix. Asymmetries quarks in the loop, wher@mP"“(¢%) = a,c[10/9 +
need not be small, however, when both tree and penguir§(m; .¢>)],  and  G(m?¢?) =4 [x(1 — x)dx X
contribute, such as for th8° — K~ 7* mode, where In[m*/u* — x(1 — x)¢*>/u?]. To respect CPT sym-
destructive interference could leaddgy ~ 10%. Iffinal ~ metry and unitarity atO(as), one must properly [3]
state interaction (FSI) phases are presesis could even include the absorptive part of the gluon propagator for
reach beyond 20%. But, as we will show, a combinedhe b — siu mode. Hence, foici_g at u below my,
study of several modes can distinguish between FSWe substitutets Im cs(¢?) = aycs Ya.c IMG(mi, g2,
phases or the presence of new physics. In contrast, pugdd 87 Imcjs= —87N Imcjs = a,[c; ImG(m?, ¢°) +
penguinb — s3s modes have only one single amplitude, (¢} + c¢) Y, 4. IM G(m?,¢%], but only when these
and within SM the~7 A? suppression cannot be evaded.interfere with the tree amplitude.
They are hence sensitive probes of new physics phases.We use theOg operator to illustrate the possibil-
The observation ofucp above the 10% level in these ity of new physics induceducp. Although b — sg
modes would be striking evidence for physics beyond SM(with g “on-shell” or jetlike) is only ~0.2% in SM,
We shall study both exclusive and inclusi¥gps for  data still allow [5] it to be ~5%-10%, which would
charmless b(p;) — s(ps)g(pz)q(p,) decays, starting help alleviate [6] the long-standing low charm count-
from the effective Hamiltonian ing and semileptonic branching ratio problems. The
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recent discovery of [7] a surprisingly large charmlessclouded by FSI phases. Even with such laxity, there are
B — n' + X, decay could also be [8] hinting &ts| ~ 2.  problems [10] already in accounting for observed rates.
Such a large dipole coupling would naturally carry aThen’K andw K modes appear to be high, while the yet to
KM-independent CP violating phase, cs = |cgle’?, be observe@ K mode seems too low and hard to reconcile
and acp ~ 10% in the my_spectrum ofB — n’ + X;  with largen’K. We refrain from studyind3 — 7'K as it
is possible. Clearlysuch a new phase could lead to large probably has much to do with the anomaly mechanism.
acp in a plethora ofb — sgg moded9]. Our central theme is whether large-p is possible
The theory of exclusive rates is far from clean. Onein b — s modes, and, if so, how would they signal the
needs to evaluate all possible hadronic matrix elements gfresence of new physics, such as enhangedWe find
products of currents. Faced with recent CLEO data, manyhat SM alone allows for sizablecp in K 7-type modes.
theorists have advocated [10] the useMf; +# 3 as a This is important for the early observability aps, so
process dependent measure of deviation from factorizatiotet us first investigate th& 7= modes.
which becomes a mode by mode fit parameter. One still The K~ 7% mode receives both tree and penghin~
has to assume form factors and pole values, andgfer  siu contributions; hence we separate into two isospin
evaluation, theg? value to take. The latter is further amplitudes,A = Aijp + Az, We takeNes = N = 3,
assume factorization and find

G 2
Ay = iT;fKFo(m% - mi){v;svub[— <§V_] + Cz) - L<Cl + 2)}

3 3 N
Viy [c§+ Ty 2mi (cé+ j>+8 @ mj 3 }}
= V. V| — c — c it —5 C89 ,
it N ¢ (mb - mu) (ms + mu) N o " 4 q2 ’ K
)
and for Az, [11] one setscé,g — 0 and2/3,-r/3 — | As noted some time ago [3], the7+ modes are sensi-
1/3,7/3. Here,Fy = FE™(m%) is a form factor3,x ~ tive to FSI phases of the two isospin amplitudes. If the FSI

—0.76 is a form factor normalized t@&, coming from phase differencé is large, it could easily overwhelm the
the matrix element 0Dg (with further assumptions), and meagerperturbativeabsorptive parts controlled by;*®.”
r = fF§5(m2) (mp — mp)/fxF§™ (my) (my — m2). Neglecting an overall phase, we write= A/, + A3pe’®
The K~ 7" mode is similar, with changes iAs;, and and plot in Figs. 1(c) and 1(d) the, andacp vs & for
an overall factor of1/+/2. Since penguins contribute ¥ = 64°. Therate is not sensitive @which reflects pen-
only to Ay, for B~ — K%7~ one has just Eq. (2) with guin dominance over tree, butp can now reach 20%,
c12 — 0. Thecsg terms are sensitive to current quark even 30% fork ~ 0. We stress that th&%7 ~ mode is in
masses because of effective density-density interactiofiact also susceptible to FSI phases, as it is the isospin part-
The impact of thecg term is small in SM. ner of K~ 7 which does receive tree contributions. When
The absorptive parts for}_s are evaluated at some & # 0, tree contributions ente8™ — K%z~ through FSI
¢>. We takeq? ~ m?/2 which favors largeacp, but it ~ rescattering. Comparing Figs. 1(b) and 1(dj, in this
could be as low as?/4 [3]. In the usual convention, the Mode can benuch largerthan naive expectations. How-
dispersive part of the second term of Eq. (2) is negative€Ver, being out of phase witk ~ 77, comparing the two
while the sign of the first term depends on gosherey =  Cases can give information dn
argV.,V.,). For cosy > 0 which is now favoredgacp Toiillustrate physics beyond SM, we ke®p= 3 but set
is enhanced by destructive interference, but forges 0 ¢s = 2¢'?. Since thecg term now dominates, the results
the effect is opposite [3]. This can be seen in Figs. 1(afte not sensitive to the FSI phase We plot in Figs. 1(e)
and 1(b) where we plot the branching rati®,f andacp ~ @nd 1(f) theB, andacp vs the new physics phase, for
vsy. ForK-m*9 acp peaks at the sizable10% just ¥ = 64°andé = 0. TheK~ 7" andK’7~ modes are
at the currently favored [12] value of = 64°. But for  close in rate foro ~ 45°-180°, but thek ~ 7" mode is
K7~ acp ~ mAisvery small. We have used,(u = still a factor of 2 too low. Howevergcp can now reach
my) = 120 MeV [13] since it enhances the rates. With 50% for K=o * /K°w~ and 40% fork ~#°. Such large
my(u = 1 GeV) = 200 MeV, the rates would be a factor asymmetries would be easily observed soon. They are
of 2 smaller. We findk 7", K7, K~ 7° ~ 1.4, 1.6, in strong contrast to the SM case with the FSI phése
0.7 X 1073, respectively. The first two numbers agreeFig. 1(d), and distinguishable.

well with experiment [2], buk ~#%/K =7+ ~ (1/4/2)? Genuine pure penguin processes arising fiory s5s
seems too small. give cleaner probes of new physi€® violation effects.
| The amplitude foB~ — $K~ decay is
AB — ¢K) = — iGrfemyN2pp - egFi(m3)ViVi
X {(c} + c¢y/N + c§)|q§ + (3/N + ¢ + Cé/N)lqll + 5j,asml%685'¢,(/477q%}. 3)
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FIG. 1. Br andacp [(a) and (b)] vs SM unitarity angle; (c),(d) FSI phasé for v = 64°; and (e),(f) new physics phase for
v = 64°andé = 0. Solid, dotted, dashed, and dot-dashed lines ar&forr*, K°7~, K~ 7°, and¢ K, respectively.

The annihilation contributions which we have neglectedively with SM, B — ¢ K can be brought down to be-
are small, and the tree annihilation contributions are furlow 5 X 107°. The experimentally observek®z~ =
ther suppressed by the KM factor. We have also dropped ~ 7+ follows from c;3 dominance, and theé8, value
the color octet contributions and have checked that they=1.4 X 107> whichis 2—3 times larger than tlfek mode
are small. The relevanj’ is determined by kinematics: suggests a lown, value and slight tunings of form fac-
g7 = mj /2 as before, but for amplitudes without Fierz- tors. Aroundo ~ 145°, the rates are largely accounted
ing g5 = mé. Since the amplitude is now basically pure for, butacp for K, K~ 7" /K~ 7% andK°7~ could be
penguin,cg should have no absorptive part. As seen fromenhanced to the dramatic values of 55%, 45%, and 35%,
Figs. 1(a) and 1(b), the SM rate ofl X 107 is a bit  respectively. We do fail to account for the~ 7 rate,
high while acp is unmeasurably small. Farg = 2¢/?,  which is comparable to thé K mode. We note that, with
the results are plotted in Figs. 1(e) and 1(f) s The recalibration of CLEO Il data and adding a similar amount
rate is lower than th&®z~ /K~ 7" modes because it is of CLEO II.5 data, theK°7~ rate came down by 40%
not sensitive td /m,. Theacp could be as large as 60% [2]. Thus, ak~ 7 rate lower than the present prelimi-
whencg and the SM amplitude interfere destructively.  nary result cannot be excluded. If the current result of
One can now construct an attractive picture. As comk’7~ = K 7+ = K~ 7% = 1.4 X 1073 persists down
mented earlier, recent studies cannot explain theBow  to errors of, say, 15%, the enhancadmodel would be
¢ K upper limit. If ¢g is enhanced and interferes destruc-in trouble. From Figs. 1(a) and 1(c) we see that SM with

?)

qg/dy (x10°
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)

(

(=)
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FIG. 2. Inclusive branching ratios vs= ¢2/mj for (a) b — sdd, (b) b — siu, and (c)b — s5s decays (solid) and decays
(dashed). The curves with prominent smaliail are forcg = 2¢'” with o = 7 /4 (top), 7 /2 (middle), and37 /4 (bottom), while
the other is the SM result.
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TABLE I. Inclusive B, (in 1073)/acp (in %) for SM and forcg = 2¢°.
SM o= 0 %’ % BT” i
b — sdd 2.6/0.8 8.5/04 7.6/3.4 5.2/6.5 2.9/8.1 1.9/0.5
b — siu24/1.4 8.1/—0.2 7.5/2.6 5.5/5.6 3.2/8.1 2.0/3.5
b — s55 2.0/0.9 6.9/0.4 6.2/3.2 4.4/6.0 2.6/7.1 1.8/0.4

Eg. (1) also does not suffice, even with FSI phases, anthvored, but<1% for K°7~ and ¢ K. With large FSI
other effective interactions such as electroweak penguinghased, acp in K7 modes can be enhanced to 20%—30%,

have to be included.

We are barely able to accommodde— w K. Within
SM 1/Ngs ~ 1 is needed to account foB — wK =
1.5 X 107>, while for 1 /N ~ 0 one accounts for at most
only half. Withcg = 2¢/“, we can account faB, for both
large and smalN.¢, but not forN = 3. However,acp is
never more than a few percent and not very interesting.

even for the naively pure penguiki®z~, but the latter
would typically have a sign opposite & 7" /K~ 7.
Enhanced color dipoleg ~ 2¢/” could explaink®z~ ~
K~ 7", which are split upwards from theé K mode by
a low mg value. Destructive interference with ~ 145°
seems to be favored by present datafonz*, K07,
and¢ K. The correspondingcp would be~35%-45%

To gain better understanding, we discuss briefly inclufor K7 modes and5% for ¢ K, which should be easily
siveb — sgq decays, where the theory is cleaner. The ex-observed and rather distinct from the SM case with or
istence ofb — sg at lower order implies a log? pole for ~ without FSI phase. We are unable to account for the newly
the |cg|?> term, which we simply cut off ay?> = 1 GeV?.  observedk ~#° rate. Noting that thek?7~ rate came
The pure penguirb — sdd case is the simplest since down recently, we wait for further confirmation of present
c1p do not contribute. The results for SM and severaldata. Our inclusive study supports our exclusive findings.
|cs] = 2 cases are given in Fig. 2(a) and Table I. TheOur results on largecp in charmlessh — s decays can

low ¢ pole is not prominent andcp is indeed small
in SM, arising mostly from belowc threshold. For en-
hancedcg, however, both the low;*> pole and theacp
abovecc threshold become significant. The overadlp
is not much larger than the SM case, since thecut
and hence the asymmetry bel@w threshold is still sup-
pressed byV: V,,. However, above the&c threshold

us

acp is of order 10%—-30%, which confirms our exclu-

be tested soon at the Factories.
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