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Figure 1: Global CKM fit as shown at this conference [1]

1. Introduction

Charmless hadronib — s transitions are a rich source of information about the pts/sif
the weak and/or TeV scales. Their sensitivity to shortagise physics derives from the CKM
hierarchy and a GIM cancellation which combine to suppressributions at tree-level in the weak
interaction or through light-quark loops. As a consequetite Standard-Model (SM) amplitudes
are governed by the combination

1 m
Vib X = X =3

—B8 106, 1.1
16~ Mg (1)

The resulting rareness of these modes makes them sensitieatributions of new particles with
TeV-scale masses, so we should expect deviations from #rel&td Model. The task is to dis-
entangle SM and new-physics (NP) contributions in a givedenguch that a possible NP signal
can be recognized, and to identify those observables, obic@atmons of them, where this is best
possible. More ambitiously, one may want to quantify a digméerms of NP-model parameters.
It is worth contrasting thé — stransitions with thédo — d ones. Here, the CKM hierarchy is
different, such that tree-level contributions involviiig (I (p —in) can compete with or dominate
over loop contributions involvinytq 0 (1—p —in). Indeedb — d hadronic decays, together with
b — u semileptonic and, by now, purely leptori®&¢ — tv; decays, provide the main input to the
global CKM fit (Figure 1). The two dominant inputs are the oatf By andBs mass differences
(orange ring) and the mixing-induced CP violationBgn — J/(Ks (blue wedge) derive from the
B— B_mixing amlitudes, which are again loop processes. Two caimt$ in a plane will generically
intersect in a discrete set of points, and the most significansistency check is through the™
measurements iBy — 1Tt T, pp transitions (shown as light blue “half moon” in the Figure).
Hence the consistency of the CKM fit at present allowd0%) NP effects. Beyond this level,
NP contributions to different observables would have tospine to maintain the observed level of
agreement. On the other hand, the combinatigiVi relevant tdo — stransitions is very weakly
dependent op andn. Hence these processes are determined, in principle, \githedl parametric

1The picture may change as progress in lattice QCD makes mecésp predictions foB meson mixingB — 1v,
andek possible. Interestingly, a significantly improved cald¢igia of Bk [2] indicates a tension with the aforementioned
CKM determinations at about thesdevel [3].
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uncertainty in the SM. Moreover, the consistency of the CKiWdis little to say about new physics
in b — stransitions. Indeed, several puzzles have shown up in rgeans in the data, notably

1. time-dependent CP violation m— s decays oth mesons to a CP eigenstate. In the SM,
one expects to measurg)cpS~ sin 283, but some modes show a deviation (Figure 2). None
of these is very significant at the moment, but this might geawith more precise data
becoming available from LHCb and, eventually, a supdactory.

2. The time-dependent CP violationBg — J/@ @, in combination with lifetime difference and
semileptonic asymmetry, determines the phase of the maamglitude to be [4]

@, € (—168 —102)° U (—78,—11)°, (1.2)

about 220 from the SM, with much better statistics ahead at TevatrahLadCb. The theory
is reviewed in a separate talk at this conference [5].

3. Direct CP asymmetries BB — 1K decays. These modes have received attention for several
years. It has been stressed tAab(BT — m°K*) # Acp(B® — mK™) at 50 significance
[6]. The verdict is less clear, since the SM doespredict identical asymmetries.

2. Hadronic decay amplitudes

Interpreting items 1 and 3 requires knowledge about hadetay amplitudes, which always
involve nonperturbative QCD. As the latter is generally @miimited control, approximations are
necessary, either neglecting some small parameter or dixgaim it.

For anyb — stransition to a final staté, we can write

s = o (B— ) =VueVip Tr + VeV Pr 4 PNP, (2.1)
A= o (B— ) =ViMuoTs +ViVeoPs + PNP, (2.2)

whereT; andCt are CP-even “strong” amplitudes af{i”, PI'* are new-physics contributions.
CKM unitarity has been used to eliminate the combinadgV,; (V;sVib). Branching fractions
and CP asymmetries are functions of the magnitudes and/esfdtases of the strong amplitudes,
as well as magnitudes and phases of the CKM elements. Fangestiff is a CP eigenstate,
|f) = nep(f)|f), then the time-dependent CP asymmetry is given as

. _B)—f)-IBt) —f) _ .
Acp(f;t) = FBO S HErBO = = —CscosAmyt + S sinAmyt, (2.3)
“iee STep T aEon o et @Y

Here the dots are proportional to the rafig/Ps, multiplied by CKM factors ofc'(A?). If the tree
amplitudes are neglected, themcp(f)Sf = sin(2f3) results to very good approximation. While
experimentally (Figure 2) the various modes are in readeradreement with each other and the
determination of sin@ from b — ccs transitions, the suggestive pattern of the central valegs b
the question whether it could be caused by the neglected &\Vammnplitudes, or one has to invoke
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Figure?2: Left: Measurements of mixing-induced CP asymmetrids-ia s penguin transitions as compiled
by the HFAG [7]. Right: Constraints from decay rate data (i, S) plane forB — m°Kg (A= —C) [23]

NP termsP}P. Quantitative information on the amplitudes derives frajrflavour-3J (3) (and
isospin) relations [8] together with measurementdef d transitions and (i) the heavy-quark
expansion inN\gcp/m, (QCDF [9] and its effective-field-theory formulation in STH10, 11,
12], and the somewhat different “pQCD” approach [13]). Gunick on the relative importance of
amplitudes follows from (iii) Cabibbo counting and (iv) tlergeN expansion [14]. (i), (ii), and
(iv) involve the subdivision of the “physical” tree and peimgamplitudes into several “topological”
amplitudes,

Twm, = [AMle(al(Mle) + a2(M1M2) + af (MiM2)) (2.5)
-+ Buwt, (b1 (M1Ma) + ba(M1My) + bS(M1My) + b (MyMy)) + ﬁ(a)} +(My > My)
I3’\/|1|V|1 = [AMleaX(MlMZ) + BMle(bg(MlMZ) + bZ(M1M2)) + ﬁ(a)] + (Ml = MZ) s (2-6)

where we employ the notation of [15, 9], which is general bytarticularly suited for the heavy-
quark expansionAw,m, andBw,u, are normalization factors which by convention containaiart
form factors and decay constants. Thendb; denote the different topological amplitudes. Often,
Aay andAa; are written ad andC, Aay asPy, etc., or variations thereof. Table 1 summarizes the
counting in the various small parameters. At the quaniidtivel, the leading-power amplitudes
a1, A, ...can be factorized [9] into products of “hard kernelsattikan be computed order by
order in perturbation theory and include all strong (rdseceig) phase information, and nonper-
turbative normalization factors such a%"(O) fx or fgfk fr (Usually factored out intéy,m, and
Bwm,m,). This statement holds up to generally incalculahjém, corrections. Certain amplitudes
(annihilation amplitudes;) are altogether power-suppressed and not calculable 18¢&f more
details. Over the last years, a number of higher-order (NNtalculations of the kernels have been
performed [17]. The main phenomenological findings can Inensarized as follows.
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Table 1: Hierarchies among topological amplitudes from expansiotise Cabibbo anglé, in 1/N;, and
in Agcp/M,. (Some amplitudes, such as electroweak penguins, aresoifrittm the list.)

ap a ay a;  Ozrw  Osw b§ bS by b,
(T) (© (P (Pe) (Pew) (Psw) E)  ®
Cabibbo(b — d) all amplitudes are7(A3)
Cabibbo(b—s) | A4 A% A% A2 A2 A2 A2 A2 A4 A4
1/N 1§ 8~ N8 1 % § & wn 1
N/my 1 1 1 1 1 1 A/my A/my A/my A/my

e The colour-allowed trees; are well behaved in perturbation theory, with overall uteier
ties at the few-percent level (not counting the nonpertiveanormalization).

e The colour-suppressed treas show cancellations within the (well-behaved) perturleativ
part, and suffer from a large uncertainty in the normal@atnd sensitivity to power correc-
tions. Attaching anv’(1) uncertainty to the (small) theoretical prediction using gower-
correction model of [9] would still implya,/a1| < €(1/2).

e The topological (QCD) penguin amplitudes are also undedgumtrol (but only a sub-
set of NNLO corrections is known), but are phenomenolotyidaldistinguishable from the
incalculable (formally power-suppressed) penguin atatioh amplitudes.

e The colour-allowed and colour-suppressed electrowealpes amplitudes behave qualita-
tively like the colour-allowed and colour-suppressedgreespectively.

Further recent work focussing on phenomenological issaede found in [18], and a new take on
long-distance charm penguins in [19].

3. Phenomenological applications

Table 2: Predictions foASdefined in the text for several penguin-dominated moBesn [ 16]; seetherein
for details, in particular the meaning and comparison of errors.

mode | QCDF/BBNS [20] SCET/BPRS [11, 21] pQCD [22] experiment [7]
oKs 0.01...Q05 0/0 0.01...Q03 —0.234+0.18
wKg 0.01...021 —-025...-014/009...013| 0.08...018 —0.22+0.24
P%Ks -029...002 |0.11...020/-0.16...—-0.11| —0.25...-0.09 | —0.13+0.20
nKs —-167...027 —0.20...013/-0.07 ...021

n'Ks 0.00...Q03 —0.06...010/-0.09...011 —0.084+0.07
mKs 0.02...015 0.04...010 —-0.10+0.17

Several authors have estimated the tree “pollution” in #drbinicb — s penguins combining
experimental data and heavy-quark-expansion calculafioifferent ways. Their results, com-
pared in Table 2, are in general agreement with each othén€ashould) and can be compared to
Figure 2. Clearly, the SM does not produce the pattern ofraxgatal (central) values. While the
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significance of the measuré$ values is low for all modes, in the case mKs one can perform
a combined analysis of aB — K decay data to get a somewhat stronger “signal”. The method
discussed here [23] (see also [24]) invokes the well-kn@espin symmetry relation

V27 (B° — K% + .7 (B® — m K*) = — [(f +C)eY + ﬁew] = 3A3),. (3.1)
This relation, and a similar one for the CP conjugates, altovfix all four complex decay
amplitudes from the four decay ratdshe isospin-32 amplitudes are known, up to a four-fold
ambiguity. The latter can indeed be obtained as

: 0.41
3A3/2 = —Rr-cls/ Mul V2IAB" — 1111 (€Y~ 066 ~Ry). (3.2)

whereR, is a side of the unitarity triangle aif,c = 1.23"9%2 andR, = (1.02-927)é(®"1)" quan-
tify SJ(3) breaking, with uncertainties obtained in a QCDF calcuratieixing the ambiguity by a
(minimal) usage of either QCDF &J (3), one obtains a prediction & (Figure 2) from the re-
maining data. This is one of many ways of visualizing the iems the K system, distinguished
perhaps by a particularly limited use of uncertain theoatfpredictions or assumptions. A future
perspective on the uncertainty is also indicated (thin haRdr more on NP iB — 7K, see [25].

One can also attempt to compute directly the difference nactiCP asymmetries. Unfortu-
nately, this involves the uncertain colour-suppressee amplitude, and the significance of this
discrepancy is currently difficult to quantify. Making nosamptions about, one still has the re-
lation [26] Acp(K™ 117 + Acp(KO1+) ~ Acp(K T 1%) + Acp(K°m°), which is satisfied by the current
experimental data [24], and expected to hold (in generdbwepercent level.
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