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New physics through rare decays

Decays discussed today are flavour changing neutral current
transitions.

Forbidden at tree level in the SM, and must proceed through
penguin/box diagrams.

New particles can ’enter into the
loop’ and add possible diagrams,
altering observables.

Selection of Bu→!!K at LHCb and Sensitivity to RK 1

1 Introduction

The b → !!s and Bs → µµ decays are governed by similar processes (Figure 1) in
the Standard Model (SM) and in many of its extensions. A measurement of the
ratio RK of the B → µµK and B → eeK branching fractions combined with the
measurement of the Bs → µµ branching fraction allows to test the SM as well as
Minimal Flavour Violation (MFV) models.
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Figure 1: b → !!s and Bs → µµ leading-
order SM Feynman diagrams.

These observables are very weakly bound experimentally and will be measured
precisely at LHCb. This note describes the sensitivity of LHCb to the ratio RK.
The study of the Bs → µµ selection is described elsewhere [1].

This is the first sensitivity study using B → eeK or any rare decay including
electrons. The B → µµK channel has already been studied in the context of the
sensitivity to Vtd/Vts using B → µµXs and B → µµXd [2, 3], but with the pre-
reoptimised LHCb detector.

1.1 Theoretical Motivation

The measurement of RX has been proposed by Hiller and Krüger [4]. It is defined
as

RX =

q2
max∫

q2
min

ds
dΓ(B→Xµ+µ−)

ds

q2
max∫

q2
min

dsdΓ(B→Xe+e−)
ds

S.M.
= 1 + O

(
m2

µ

m2
b

)
, (1)

where X can be an inclusive Xs state containing an s quark, or any strange resonance
like K∗ or K. The decay width is integrated over the squared di-lepton mass q2 in
a range from q2

min = 4m2
µ to q2

max ≤ (mB − mX)2 for exclusive modes or q2
max ∼ m2

b

for the inclusive case. This assumes that resonant modes (B → J/ψK for instance)
can be vetoed experimentally. Note that the lower bound is 4m2

µ in both µµ and ee
cases to avoid phase-space effects.

The hadronic uncertainties cancel to a high level of precision both for inclusive
and exclusive channels. As the Standard Model does not distinguish between leptons
its predicted value for this ratio is RX = 1 for massless leptons. Taking effects of
order m2

µ/m2
b into account Hiller and Krüger calculate [4]:

RX
SM
=





0.987 ± 0.006 for X = Xs,
0.991 ± 0.002 for X = K∗,
1.0000 ± 0.0001 for X = K.

Measurements usually depend on the 4-momentum transferred to the
two muons, q2.
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New physics through rare decays

Rare decays NP searches complementary to direct approach:

Probe particle masses beyond
√
s.

Model independant interpretation (Wilson Coefficients)

Study gauge structure of new physics.

For example, new physics with electromagnetic gauge structure must
be >∼ 50 TeV for naive O(1) flavour violating couplings [JHEP
1208:121, 2012].
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LHCb

LHCb is a heavy flavour experiment situated at the LHC.

Hadronic environment is tough, but make up for it due to huge heavy
flavour cross-section at high energies.

Good momentum resolution and particle identification crucial.

Results presented today use 1 fb−1 of integrated luminosity - the 2011
dataset. Have another 2 fb−1 from 2012 running.
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Isospin asymmetry of B→ K (∗)µ+µ− decays

The isospin asymmetry of B → K (∗)µ+µ−, AI , is defined as:

AI =
B(B0 → K (∗)0µ+µ−)− τ0

τ+
B(B± → K (∗)±µ+µ−)

B(B0 → K (∗)0µ+µ−) + τ0
τ+
B(B± → K (∗)±µ+µ−)

AI expected to be O(1%) in the SM

[JHEP 0301:074,2003],[JHEP 1302:010,2013].

In 2009, BABAR measured a surprising 3.9σ deviation from zero at low q2

[Phys. Rev. Lett. 102, 091803] .

Now significance down to ∼ 2 σ and only in the B→ Kµ+µ− mode.
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Isospin asymmetry analysis

Analysis boils down to branching fraction measurements of 4 decays:

B+ → (K ∗+ → K 0
S π

+)µ+µ−

B0 → (K 0 → K 0
S )µ+µ−

B0→ (K ∗0 → K+π−)µ+µ−

B+ → K+µ+µ−

K 0
S mesons are reconstructed through the K 0

S → π+π− decay mode.

Do not consider decays involving a π0 or K 0
L

K 0
S channels have lower reconstruction efficiency and visible branching

fraction than K+ channels.
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Isospin asymmetry analysis

Split data into categories depending on
whether the K 0

S daughters leave hits in
the vertex detector or not
(long (L) and down (D)).

Each decay is normalised to the corresponding
B→ (J/ψ → µ+µ−)K (∗) decay, which have the identical final state.

These normalisation decays proceed at tree level → O(100) times
more common than the signal.
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Selection

Reduce combinatorial background using kinematic, geometric and
particle identification (PID) information.

Use multivariate techniques to boost sensitivity.

Consider exclusive backgrounds and use PID/kinematics to reduce
them - neglible after selection.
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Acceptance correction

Correct for acceptance effects due to geometry, trigger, reconstruction
& selection.
Bin this acceptance in q2.
B→ (J/ψ → µ+µ−)K (∗) decays are used to normalise each decay
which simplifies systematic uncertainties.
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B(B0→ K 0µ+µ−)

Signal yields determined using unbinned extended maximum likelihood fits.
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60-70 signal candidates for the K 0
S channels.

IOP 2013 Patrick Owen Isospin asymmetry in B→ K (∗)µ+µ− decays



5. Analysis techniques 12/15

dBF/q2 (B0→ K 0µ+µ−)

Branching fraction results, errors are stat + syst.

There is a deficit of B0→ K 0µ+µ− signal in the q2 regions which are
not adjacent to the charmonium resonances.
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LHCb-µ+µ0 K→ 0B

SM predictions based on [JHEP 1201:107, 2012] (B+→ K∗+µ+µ−) and

[JHEP 1107:067,2011] (B0→ K 0µ+µ−).

Also measure integrated branching fractions: 1.16± 0.19 and 0.31+0.07
−0.06 × 10−6

for B+→ K∗+µ+µ− and B0→ K 0
Sµ

+µ− respectively.
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Isospin asymmetry of B→ K ∗µ+µ−

AI for B→ K ∗µ+µ− consistent with zero, as predicted by the SM.

AI (B0 → K ∗ γ) = 0.07±0.03.

All experimental results agree with each other.
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BELLE: [Phys. Rev. Lett. 103, 171801], BABAR: [Phys. Rev. D86, 032012],
CDF: [CONF note 108xx]
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Isospin asymmetry of B→ Kµ+µ−

AI for B→ Kµ+µ− tends to sit below the SM prediction, due to the
deficit of B0→ K 0µ+µ− shown on the previous slide.

LHCb measurements alone are over 4σ from zero.

Nearly all the measurements of AI are negative - see [HFAG
combination] .
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Summary

LHCb measurement of the isospin asymmetry in B→ Kµ+µ− decays
is over 4σ away from zero (∼ SM expectation).

No physics model proposed yet can explain this result.

Looking forward to updating to the full 3 fb−1 dataset where we
expect to halve the statistical errors.
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Charmonium resonances

B→ (J/ψ → µ+µ−)K (∗) and B→ ψ(2S)h are irreducible
backgrounds and are ∼ 100 and 10 times more common than signal.
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Regions (a) due to FSR, (b) due to mis-reconstruction and (c) due to
partially reconstructed background.
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