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Bq — K*%u*u~ is arare electrowedk— spenguin decay that has excellent sensitivity to physics
beyond the Standard Model. It is expected that IbH@Il select around 7200 signal with 1100
background events for each nominal year of data—taking. This allows for a comprehensive and
exciting physics programme, the plans for which are reviewed in this article.

2008 Physics at LHC
September 29 - 4 October 2008
Split, Croatia

*Speaker.
Timperial College London

(© Copyright owned by the author(s) under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike Licence. http://pos.sissa.it/


mailto:w.reece06@imperial.ac.uk

Bqy — KOutu~ atLHCb William Reece

1. Introduction

As we enter the LHC era, we are confronted with the experimental fact that results from the
Tevatron and thB—factories are, by and large, in agreement with Standard Model (SM) predictions.
The working hypothesis of the LHC project is that there will be new physics (NP) at the TeV scale,
however considerations from flavour physics imply that the NP scale is much larger, assuming its
flavour structure is generic. If these two observations are to be reconciled then the study of flavour
will be of great interest at the LHC. LHECis a high precision experiment for the study G/
violation and rare decays at the LHC (1) and will play an invaluable role in these studies.

Of particular interest at LHEwill be the exclusiveb — s decay modeé8y — K*%u*tpu~. It
is dominated by the Wilson coefficient& ¢ 10 all of which have right-handed versions, denoted
with a prime, that are highly suppressed in the SM and in minimal flavour—violating models. In the
presence of NP, the value of these coefficients will change due to new heavy degrees of freedom
in the penguin loops. Measuring the Wilson coefficients then allows for entire classes of NP to be
observed or excluded.
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Figure 1: Recent results frolBABAR (red) and BeLLE (blue) for Arg (left) andF_ (right). SM theoretical
predictions are shown; the orange, light green, and dark green bands show the parametric, 5%, and 10%
A /my, corrections respectively (2). The light purple band shows the rate weighted SM average in the region
o? € [1GeV?/c*, 6 GeVP/cY], with all uncertainties. The black points show LHEfb~! sensitivities using a
simultaneous angular projection fit, assuming the SM, where the central values are taken from a single toy
experiment (3).

The kinematics of the decay is described by three angle$k, and¢, andqz, the invari-
ant mass squared of theu pair. To extract the maximal information from the decay we need
observables that have small statistical uncertainties and at the same time small theoretical uncer-
tainties. A widely studied observable is the di-lepton forward—backward asymrAegry4), the
zero—crossing poimqé) of which has small theoretical uncertainties due to leading order form—
factor (FF) cancellations (5). The SM distribution can be seen in Figowever the theoretical
uncertainties are not well controlled outside of tiec [L Ge\?/c*, 6 Ge\?/c?| region, where QCD
factorisation is no longer reliable (6; 7). New measurements from BaB#R and BELLE (8; 9)
are shown in Figl for points that lie inside the theoretically clean region. Also shows jghe
longitudinal polarisation fraction of th&*. The current experimental uncertainties are still too
large to make any definitive statements about deviations from the SM and any differences seen are
greatest outside of the theoretically clegihregion (not shown). The large increase in statistics
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that LHCb will provide should clarify this situation. For comparison, the estimated sensitivities for
LHCb with 2 fb~? of integrated luminosity are shown in the same figure.

2. Physics Programme

Making precisionB—physics measurements in the LHC environment will be challenging but
LHCDb has been carefully optimised to make this possible (1). The detector is expected to se-
lect ~ 7200By — K*°utu~ signal events across the complgterange with~ 1100 background
events, for each nominal year of data—taking (2§b(10). This is approximately a factor of ten
more events per year than all previous experiments have found in their lifetimes when combined.
This demonstrates the effects of the labg@oduction cross—section at the LHC and the advantages
of LHCb’s forward geometry.

The large increase in statisticsBf — K*°u*u~ at LHCb allows for the planning of an am-
bitious physics programme. A selection of measurements of the angular distribution are discussed
below. The first major analysis target is to map outAhg distribution and determinq%. This can
be done with relatively low integrated luminosity using a counting experimeé, ias shown on
the left of Fig.2. Taking a particular FF model (11), this approach gives a projected uncertainty of
o(g) = 0.46 Ge\?/c* for 2 fb! of integrated luminosity (12). However the uncertainty is approx-
imately proportional to the gradient of ti#gg distribution, which is in turn dependent on the FFs
found in nature, meaning that the actual uncertainty found may differ significantly from this.
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Figure 2: Left: A 2fb~! counting experiment, from Ref. (12), produced using the full [bH&tector
simulation and a SM signal simulation following Ref. (1Mf(H = g?). A straight-line fit is used to extract

d3. Right: Estimated sensitivity té\eg in the rangeg? € [1GeV?/c?, 6 GeV?/c?) as extracted using a full
angular analysis to 10 fd of toy LHCb data, with the SM signal simulation following Refs. (6; 13; 2). The
dashed black line shows the input SM distribution, while the solid red line is the median of a thousand toy
fits. The o and Z confidence levels are marked by the light and dark blue bands. The differing input
calculations and FF distributions lead to the variations in gradienqébétween the two figures.

Counting experiments i) are attractive as they require a relatively modest understanding
of the detector and backgrounds. However, there is much more information available in the decay
which can be extracted at the price of a more challenging analysis. Projections over the full angular
distribution can be used to perform a simultaneous fit to the decay angles (3). This gives additional
sensitivity toArg and F_, shown in Fig.1, and to non—SM values ¢f; via a new observable,
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A(TZ) (14). Finally, it is possible to perform the full angular analysis (15). In this case all four
experimental observables are utilised to extract the underlying decay amplitudes. This allows for
the measurement of additional observables which can not be accessed in other way/shéigs

the estimated LHE sensitivity to the theoretically clean observab@ér@ andA(T4) for a simulated
10fb~! dataset (2). In addition, significant improvement can be gainetk-grandgg. The right—

hand figure of Fig2 shows the expected sensitivity Agg with 10fb~ of integrated luminosity,
giving o(g3) = T912GeV?/ct. A further factor of~ 2 improvement might be expected if the FF
model from (4) had been used instead of that from (6; 13).
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Figure 3: Experimental sensitivity bands ¢land 25 uncertainties are marked light and dark blue) com-
pared to the theoretically clean observab«#@ and A(T4) for 10fb~* of LHCb data assuming the super-
symmetric model ‘b’ from Ref. (16). The dashed blue line shows the model ‘b’ distribution taken as input,
while the solid red line is the median of a thousand toy fits. The SM theoretical distributions are also shown
with the same colour scheme as in FigThese two distributions must be statistically distinguishable if the
observation of NP is to be claimed.

Within the currently allowed region of parameter space (17), these observables can show large
differences from the SM. If the ansatz is made that any NP to be discovered only %f-f@cﬂmd
that the Wilson coefficients are real, then a naive estimate indicates that with*idf ibHCb data
an uncertainty o%#') of order+0.05 could be achieved witBy — K*Ou*pu~ alone. This would
allow for considerable model discrimination if NP is discovered at the LHC and could be further
reduced if theoretical progress on the higher orti¢gm, corrections can be made, or ottier-> s
observables are included.
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