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Flavour symmetries represent a powerful tool in analysing model-independently hadronic matrix
elements. Going beyond isospin symmetry results, however, in a large uncertainty related to
the symmetry breaking due to the relatively large strange quark mass. Considerinesfiie
subgroup of flavour SU(3), its breaking is analysed on a group theoretical basis. Due to the
simple behaviour of the weak effective hamiltonian uridespin and the unique structure of the
breaking terms, such a group theoretical analysis leads to a manageable number of parameters.
In view of the enormous amount of data expected from LHCb and a possible Super B factory,
this data driven method provides a way of gathering information on hadronic matrix elements in
general andU-spin breaking in particular. As a first application, the pair of de@ys- J/yK~

andB~ — J/yxr~ is discussed.
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1. Introduction

Non-leptonic decays of bottom hadrons play an important role in the investigation of CP viola-
tion. While this effect has been established in non-leptonic Kaon decays, and the CKM mechanism
of CP violation is consistent with what is seen in non-leptdimeson decays, the observations
cannot be easily linked to the fundamental parameters. The reason for this is a lack of a reliable
method to compute the amplitudes of non-leptonic decays, which are given by matrix elements of
an effective interaction expressed in terms of a combination of four-quark operators between meson
states. The QCD dynamics turn out to be so complicated, that currently neither semi-perturbative
methods like QCD Factorization, SCET or pQCD, nor lattice calculations yield reliable and precise
predictions.

While non-leptonic decays are a nice laboratory for studying QCD methods, the road to pre-
cise predictions for CP violation in non-leptorcdecays seems to be the use of flavour symme-
tries, supplemented by the enormous amount of data expected from LHC and the (Super) flavour
factories. From the current perspective this will remain true for some time, until a qualitative break-
through is achieved in the field of QCD methods. The main problem with flavour symmetries is
that they hold only approximately. The usual starting point is fla®u(3), which suffers from a
substantial breaking due to the sizable mass of the strange quark. However, its isospin subgroup is
a very good symmetry, which safely can be assumed to be unbroken. Hence one may consider the
other two possibilities to identif$sU(2) subgroups of flavousU(3), which run under the names
U-spin andv-spin. Among these, the generatordJetpin (under which thd and thes quark form
a fundamental doublet) commute with the charge operator, which makes this subgroup particularly
interesting with respect to electroweak interactions. On the other blasgdin symmetry is broken
at the same level as the full flavo8U(3) due to the splittingns — my. However, this breaking has
a simple structure and can be readily included by a spurion analysis. In this talk the corresponding
formalism is presented, along with an example application to the pair of d8caysJ/ywK~ and
B-—J/yn.

2. U-spin and its breaking

U-spin is anSU(2) subgroup of the full flavouBU(3) symmetry group, in which thd and
thes quark form a doublet. A priorlJ-spin is as badly broken as the f8@U(3), since the masses
of the two quarks are substantially different:

Am=ms—my ~ Agcp,

where/Aqcp is the nonperturbative QCD scale.
This results in a breaking, since the relevant mass term in the Lagrangian reads
— _ 1 — _ 1 _ —
Lemass= Mydd+ meSs= é(ms+ my)(dd+ss) + EAm(ss— dd)

1 _ 1 _
= —(ms+my)qq+ 5Amazsq, (2.1)

Rt

where
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denotes th& -spin quark doublet. Thus the breaking term can be described as a triplet spurion
1
%reak: éAmTf} = SB(()l) 5 (22)

wheree ~ Amand Bél) is an irreducible tensor-operator with= 1 andjs = 0.

If we consider a matrix element of some operafx), which can be decomposed into irre-
ducible tensor-operators of-spin , we may calculatd -spin breaking to leading order by evaluat-
ing

(F1O©)) = (1)) + (i) [ d{FT(0(O)Horeal ¥} + . 23)

where the statef andi include the breaking term, while the stafeandi areU-spin symmetric. A
general analysis &f -spin breaking can be perfomed by a group theoretical analysis of the breaking
term, by decomposing thEe product of the operatof’ with Hyreakinto irreducible tensor operators
Tjg‘) of U-spin .

The simplest, non-trivial case emerges if the operéta anU -spin doublet, which we denote
by ﬁ(l/z) In this case, the last term ig.(8) decomposes into

/ d*x T[0! (O)HoreadX)] = (~ie) / d*xT[012, (0B (x)

21 .3/2 (1/2)
:\[3 [Kﬂ/ﬁ §Kﬂ/z . (2.4)

Aside from the trivial example of the currenits= ul"g, g = d, salso the effective weak hamil-
tonian forB decays is a purd-spin doublet, even if electroweak penguins are included. The latter
is true due to the fact that tlsand thed quark carry the same electroweak quantum numbers. Thus
from the group theoretical point of view we may decompose the weak effective Hamiltonian into
its irreducible tensor components according to

.. 4G

AC=+1 _ FOF (1/2) (1/2)

HE =2 VerViaPL17? +VerVisP T 5 | (2.5)
4G .

HAC=0 _ \/g VerVeaQL +VusViaRiS +VeveeQ 3 +VuVeR 5| . (26)

where the operato@l-(j/z), Q(l/z) and R(l/z) are renormalization group invariant combinations of
four-quark operators.

In the following we shall use this group theoretical decomposition to diddusgin and its
breaking inB decays and the corresponding CP asymmetries. To this end, we have to identify the
U-spin multiplets of hadronic states. Starting from the definiton of the fundamental quark doublets
(we use the same sign convention asiip,[

d) | _ [15+32) S _| 13+32)
[rs>] i-5) [\d>] 5-5 ] &7
we obtain for the decayinB mesons
Y b = \B°>:\<d_‘>>]: 5.+3)
|B*) = |ub) =0,0), [|Bs>:\( ) 11 (2.8)
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The mesons in the final state can also be decomposed along these lines. Charged (Neutral) B
mesons beiny -spin singlets (doublets), the possible final states hhvel/2,3/2 U =0, 1,2),
where states with) = 3/2(2) can only be reached byla-spin breaking transition, and are thus
absent in I]. In some cases, the corresponding parameters are in principle extractable from data
[2]. In most cases, however, this analysis results in more parameters than available observables.
Therefore one has again to rely on theoretical arguments to reduce the number of parameters. One
option to be employed later is to use power counting arguments for certain decay topologies, and
neglect theJ-spin breaking corrections for amplitudes expected to be small.

Regarding thdJ-spin limit, there is one relation for decas— f;, B — fy, related by ex-
changing alld,s quarks in the process3], following from the Wigner-Eckart theorem and the
relation ImMVepVEViVud) = —Im(VepVEViVus)-

AF =T (B— f;)—T(B— f1) = —Al, (2.9)

or, in terms of observables,

Acp(B— f1)I(B— f1) = —Acp(B— f2)[(B— f2). (2.10)

This relation espespially implies opposite signs for the CP asymmetries, and may serve as a first
test for the amount dfl -spin breaking in the decay pair considered.

3. Applicationto B — J/yK, 7

As a first application, the decaygs— J/y (Korn) are considered, which are under the sim-
plest cases oAC = 0 from the group-theoretical point of view, becauseBof andJ/y being
U-spin singlets. This results in

(B Aert3/WK™ (7)) = 3 Aaga (AqratAss) - (31)

g=u,c

The analysis is based on the data shown in table

Decay BR/104 Acp
B~ —J/yK~ | 10.074+0.035 0.01740.016(x)
B~ —J/yn | 0.49+0.06(x) | 0.09+0.08

Table 1: Measurements for the decaBs — J/wK/x, data taken from the PDGI. (*): Error enhanced
by PDG because of inconsistent measurements.

As a first step, it is checked far-spin violation by testing the-spin relation 2.9). Inserting
the data from tablé and neglecting tiny phase space differences results in

(Acp X BR)g-_j/yk- + (Acp X BR)g-_j/yz- = 0.22+0.17, (3.2)

adding errors simply in quadrature. This result is not significant and a real test may only be per-
formed, if at least one of the asymmetries is measured significantly different from zero.
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In many applications naive factorization has been applied, which allows to include at least
the factorizable part dfl-spin breaking. In this picture one expects the ratio of branching ratios
to be given only in terms of CKM factors and the ratio of form factors. One gets the theoretical
prediction

2
BRB~ — J/yK~ FEEME )\ 7 Vi Ves 2
B = IwKT) (T Tl ) |\ VebVes T 599,61, (3.3)
BRB- —J/yn™) F *ﬂ(MJ/W) Vi Ved
where the form factor ratio is taken from QCD sum rule calculati@hsuid scaled tap = mﬁ/w

with aid of a simple BK ansatg]. This has to be contrasted with the experimental number

BRB- — J/yn—)

BRB™ — J/yK") { 192+15 (measurement of the ratio) (3.4)

) 214+19 (combined single measurements).

The sizable discrepancy indicates the well known fact that these decays have large non-factorizable
contributions.

On the other hand, the data in taldleare not sufficient to allow a fit to the general group-
theoretical expressions. Hence additional assumptions are necessary. The amplitude proportional
t0 Aud/s = VunVyy /s is expected to be small compared to the one proportionaldQ = VerV /s
because its tree contribution has only penguin matrix elements. Hence the breaking corrections to
this amplitude will not be taken into account This results in the parametrization

<B7| #4513/ WK™ > = Nyjyic (L% +A2/(1—A%) e Trge) | (3.5)
A

<B7 | At d/yn > = 1-42/2

Ny/yk (—1+X%e +€eTroe?)
where the normalization factd; .« is chosen such thaNJZ/WK =BR(B~ — J/yK™) in absence

of U-spin breaking and penguin effects. Furthmermore, the rati@presents all contributions
proportional toA,qs in the U-spin limit, and includes a factor d?, = [VupVjq/VenVey| from the

CKM elements. It is therefore expected to be of orBgix A, with A representing the penguin
suppression factor. Finally, parametrizes thg-spin breaking in the leading contribution, again
normalized taN; /-

At this stage, the number of observables does still not suffice to allow for a determination
of all fit parameters. However, as only one observable is missing, one can examine the resulting
correlations. In addition, one may use the fact that isospin can be assumed to hold exactly at this
level of approximation and use the neutral decays in addition,Bee [

The inputs from the CKM fit are7]

A =0.2252+0.0008 and y=(668'33)", (3.6)

where the lower uncertainty gfhas been slightly enhanced to reflect the non-gaussian behaviour
of the distribution in a conservative way.

The fit results for th&J -spin breaking parameters are shown infigThe fit shows two distinct
solutions, one of which hagy ~ 0 while the other one hag ~ 7. As the solutions interfere in
the fit and make it unstable, we perform two separate fits with the restrig¢ans—= /2, /2] and
¢o € [r/2,3m/2], covering the whole parameter space.
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Figure 1: The fit results for théJ-spin breaking parametersih— J/wK andB — J/y.
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Figure 2: As figure 1, but dividing all experimental uncertainties by five.

In the fit, the non-vanishing central values for the CP asymmetries imply a non-vanishing value
for rg, ro > 0.06@1o0, in combination with a non-trivial phase. However, as is obvious from the
significance of the data, ab2zero is included in the allowed range. Concerrihgpin breaking,
the fit prefers a non-vanishing imaginary part of thespin breaking parameteg. This is due to
(3.2) showing a deviation from zero, and especially preferring equal signs for the CP asymmetries,
while the branching ratios, as seen above, are compatible with no breaking at all. This is again a
hint to non-factorizabl& -spin breaking.

In order to see which of the structures visible in these plots come from the present uncertainties
and which are due to the parametrization, the fits are repeated with all experimental uncertainties
divided by five. The results are shown in figute In this case, the sign of I(®.) is correlated
uniquely with the value of the strong phase, and, due to the higher significapce, 0 can be
excluded.
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4. Conclusions

Since methods based on perturbative QCD do not seem to converge quickly to allow for a re-
liable prediction for non-leptonic decays, the method of flavour symmetries looks more promising.
Clearly the latter will allow us to perform precision calculations only if we get a reasonable control
over symmetry breaking.

Using the fullSU(3) flavour symmetry becomes quite complicated once its breaking is taken
into account. However, isospin may be assumed to be a reasonably good symmetry and hence
only the breaking along the “orthogonal” directions3b(3) space has to be considered. Here, the
U-spin subgroup o8U(3) has been studied, under which the weak Hamiltoniarbfdecays as
well as the breaking term have a simple structure. Based on this it has been discus&edfiow
breaking can be incorporated on a purely group theoretical basis, with a first application given by
B~ — J/yK(m). Here, not surprisingly, large deviations from the naive factorization limit have
been observed, with a different size and a non-vanishing imaginary part preferred.

However, the full strength of this approach can be exploited only in the future. Sin&g the
and theBs form aU-spin doublet, it requires information on decay modes which will be gathered in
the near future at the LHC. With a sufficient amount of data there will be a chance to obtain control
over flavourSU(3) breaking and hence a possible road to precise predictions for nonleptonic decays
may be opened.
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