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b—>sll decays
• b—>sll decays are loop suppressed semileptonic decays. 

Their loop suppression allows for NP sensitivity up to 
~50TeV.

2

• They have been part of LHCb’s core program for years.


• Focus has been on exclusive decays, whereby the strange quark hadronises into a specific final 
state.

• Exclusive decays are fully reconstructed —> signal peaks at the B mass.

LHCB-PAPER-2021-004 

https://cds.cern.ch/record/2758740
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Where are we
• Two sets of deviations with the interpretation limited either by theory or statistics.

3

2. Angular analyses of B ! K ⇤µ+µ�

⌘ Large number of observables offering complementary constraints on NP
compared to BF’s

⌘ Orthogonal experimental systematics and more precise theory predictions
Left: B0 ! K⇤0µ+µ�

[PRL125011802(2020)], Right: B+ ! K⇤+µ+µ�
[arXiv:2012.13241]
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1⌘ Combination of all angular observables suggests ⇠ 3� tension with SM
predictions in each channel

K.A. Petridis (UoB) Test of LFU at LHCb March 2021 20 / 20

3.3σ

2σ

2.3σ

2.1σ

B0(S)→µ+µ–  decays

• FCNC and helicity suppressed  
 
 

• Extremely precise SM prediction 

• ATLAS, CMS and LHCb combination

7LHC EFT P. Álvarez Cartelle (U. Cambridge)

[Beneke et al, JHEP 10 (2019) 232]

[LHCb-CONF-2020-002, CMS PAS BPH-20-003, ATLAS-CONF-2020-049] 

[LHCb, PRL118 (2017) 191801]

ℬ(B0
s → μ+μ−) = (2.69 +0.37

−0.35) × 10−9

ℬ(B0 → μ+μ−) < 1.9 × 10−10 (95 % CL)

Compatible with the SM at 2.1σ

2.1σ

• Inclusive b—>sll measurements offer a way forward for both these limitations.
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Figure 2: Di↵erential branching fraction dB(B0
s ! �µ+µ�)/dq2, overlaid with SM predictions

using Light Cone Sum Rules [24, 26, 27] at low q2 and Lattice calculations [28, 29] at high q2.
The results from the LHCb Run 1 analysis [1, 22] are shown as green solid boxes.

is performed. The B0
s ! f 0

2µ
+µ� signal decay is modeled using the sum of two Gaussian119

functions with a power-law tail on opposite sides in m(K+K�µ+µ�) and a relativistic120

Breit–Wigner function in m(K+K�). The mass model parameters are determined from121

data using fits to the B0
s ! J/ f 0

2 control mode and are fixed for the rare signal mode.122

Contributions from the S-wave and P-wave resonances are described with a linear function123

in m(K+K�) and use the same model as the signal in m(K+K�µ+µ�). Interference124

between di↵erent components is neglected as these e↵ects were found to be small in125

Ref. [30]. The combinatorial background is modeled using a single exponential function in126

both the reconstructed B0
s mass and the mass of the dikaon system. Backgrounds from127

B0! K+⇡�µ+µ� and ⇤0
b! pK�µ+µ� decays are found to be non-negligible in the wide128

m(K+K�) window, and are included in the fit model using a kernel density estimate129

determined on simulated events.130

The branching fraction of the B0
s ! f 0

2µ
+µ� decay is determined in a simultaneous131

fit of the data samples. The branching fraction of the signal and the S- and P-wave132

contributions are shared between the data samples. Figure 3 shows the reconstructed B0
s133

mass and the dikaon mass in the B0
s signal region within 50MeV/c2 of the known B0

s mass,134

overlaid with the fit projections. The significance of the signal is determined using Wilks’135

theorem comparing the logarithmic likelihood with and without the signal component.136

The B0
s ! f 0

2µ
+µ� decay is observed with a statistical significance of 9�. Systematic137

e↵ects on the significance due to the choice of fit model are small.138

The dominant systematic uncertainties for the relative branching fraction of the139

decay B0
s ! f 0

2µ
+µ� originate from the uncertainty of the branching fraction ratio140

B(�! K+K�)/B(f 0
2 ! K+K�), the modeling of the parameters of the Breit–Wigner141

function describing the f 0
2 resonance, and the simplified fit model for the m(K+K�)142

distribution. The e↵ect of the simplified fit model is evaluated using high statistics143

pseudoexperiments, in which events are generated using the amplitude model in Ref. [30]144

and fit with the simplified nominal model. The observed di↵erence in the determined145

yield is taken as a systematic uncertainty.146

The fraction of signal events which lie in the considered q2 region is calculated using the147

5

3.6σ

3.1σ 3.6σ

Limited by statistical uncertainties. Limited by theoretical interpretation
	 LHCB-PAPER-2021-004  	 LHCB-PAPER-2017-013 

CMS-PAS-BPH-20-003 ; 
LHCb-CONF-2020-002 ; 
ATLAS-CONF-2020-049

	 LHCB-PAPER-2020-002 

	 LHCB-PAPER-2014-006 	 LHCB-PAPER-2021-014 

	 LHCB-PAPER-2020-041 

https://cds.cern.ch/record/2758740
https://cds.cern.ch/record/2264957
https://cds.cern.ch/record/2712641
https://cds.cern.ch/record/1692473
https://cds.cern.ch/record/2770827
https://cds.cern.ch/record/2748571
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Inclusive b—>sll decays
• Instead of reconstructing a specific hadronic final state, allow the strange quark to 

hadronise whatever it likes

4

• Inclusive decays have complementary (and generally more precise) theoretical 
uncertainties compared to exclusive ones.

• For the branching fraction, uncertainty saturated by experimental uncertainties rather 
than theoretical ones.
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Methods to study inclusive b—>sll decays
• Inclusive b—>sll decays have been the domain of the B-factories.

5

• They employ a sum-of-exclusives approach:


• Reconstruct as many exclusive final states as possible (typically 50% coverage).


• Extrapolate missing modes using a hadronisation model (e.g. with JETSET).

• For Belle-II a fully inclusive approach, whereby only the two leptons are reconstructed, 
is also foreseen.


• This has no systematic uncertainty associated with the extrapolation, but suffers from 
larger background.

4

TABLE I. The 18 hadronic final states used to reconstruct
Xs. The 8 final states enclosed in parentheses are not used
for the measurement of AFB.

B̄0 decays B− decays
(K0

S) K−

K−π+ (K0
Sπ

0) K−π0 K0
Sπ

−

K−π+π0 (K0
Sπ

−π+) K−π+π− K0
Sπ

−π0

K−π+π−π+ (K0
Sπ

−π+π0) K−π+π−π0 K0
Sπ

−π+π−

(K−π+π−π+π0)(K0
Sπ

−π+π−π+)(K−π+π−π+π−)(K0
Sπ

−π+π−π0)

We combine the Xs with two oppositely charged lep-
tons to form a B meson candidate. To identify the
signal, we use two kinematic variables defined in the
Υ(4S) rest frame: the beam-energy constrained mass
Mbc =

√

E∗2
beam − |!pB|2, and the energy difference ∆E =

EB − E∗
beam, where E∗

beam is the beam energy and
(!pB, EB) is the reconstructed momentum and energy of
the B candidate. We require Mbc > 5.22 GeV/c2 and
−100 MeV < ∆E < 50 MeV (−50 MeV < ∆E < 50
MeV) for the electron (muon) channel.
To reject large contamination from charmonium back-

grounds B → J/ψ(ψ(2S))Xs followed by J/ψ(ψ(2S)) →
#+#−, we reject events having dilepton invariant mass in
the following veto regions: −400 to 150 MeV/c2 (−250
to 100 MeV/c2) around the J/ψ mass and −250 to 100
MeV/c2 (−150 to 100 MeV/c2) around the ψ(2S) mass
for the electron (muon) channel. In the electron channel,
there is non-negligible peaking background from events
in which the bremsstrahlung photon recovery fails and in-
stead the radiated photon together with another random
photon forms a misreconstructed π0 as Xs’s daughter.
To veto such events, the π0’s photon daughter with the
highest energy is added in the calculation of the dilep-
ton invariant mass, and events with invariant mass from
150 MeV/c2 below to 50 MeV/c2 above the nominal J/ψ
mass are rejected for the modes involving π0. We also
require the dilepton mass to be greater than 0.2 GeV/c2

to remove the photon conversion and π0 Dalitz decays.

V. BACKGROUND SUPPRESSION

The main background comes from random combina-
tions of two semileptonic B orD decays, which have both
large missing energy due to neutrinos, and displaced ori-
gin of leptons from B orD mesons. The displacement be-
tween the two leptons is measured by the distance∆z!+!−

between the points of closest approach to the beam axis
along the beam direction. We also use the confidence
level of the B vertex (Cvtx), constructed from all charged
daughter particles except for K0

S daughters. We set re-
quirements on ∆z!+!− and Cvtx to preserve about 79% of
the signal while rejecting 66% of the background. Other
background originates from e+e− → qq̄ (q = u, d, s, c)
continuum events, which can be efficiently suppressed us-
ing event shape variables.
To suppress the continuum background and further

reduce the semileptonic background, we employ a neu-
ral network based on the software package “NeuroBayes”
[23]. The inputs to the network are (i) a likelihood ra-
tio based on ∆E, (ii) the cosine of the angle between
the B candidate and the beam axis in the Υ(4S) rest
frame, (iii) ∆z!+!− , (iv) Cvtx, (v) the total visible en-
ergy, (vi) the missing mass [24], and (vii) 17 event shape
variables based on modified Fox-Wolfram moments [25].
For the different types of backgrounds (semileptonic and
continuum), the neural network is trained separately and
requirements on two output values are chosen to maxi-
mize the statistical significance. This optimization is per-
formed separately for electron and muon channels and for
the regions MXs

< 1.1 GeV/c2 and MXs
> 1.1 GeV/c2,

and the obtained selection preserves 51% (63%) of the
signal while rejecting 98% (96%) of the background for
electron (muon) channels. According to the MC sim-
ulation, 83% of the remaining background consists of
semileptonic events.
The probability of multiple B candidates in a signal

event is 8% with the average number of B candidates
per signal event being 1.1. When multiple B candidates
are found in an event, we select the most signal-like B
candidate based on the neural network output. For the
measurement of AFB, information on the flavor of the
B candidate is necessary. For B̄0 mesons, only the self-
tagging modes with a K− are kept, after selecting one
B candidate per event. We also remove candidates with
Xs reconstructed from one kaon plus four pions because
expected signal yields are less than one event. Therefore,
we use 10 final states as listed in Table I for the Xs to
measure AFB.

VI. MAXIMUM LIKELIHOOD FIT

To examine the q2 dependence of AFB, we divide the
data into 4 bins of measured q2: [0.2, 4.3], [4.3, 7.3(8.1)],
[10.5(10.2), 11.8(12.5)], [14.3, 25.0] GeV2/c2 for the elec-
tron (muon) channel, where the gap regions correspond
to the veto regions for charmonium background events.
The bins are numbered in the order of increasing q2; the
lowest q2 for bin number 1, and the highest for bin num-
ber 4. In order to extract AFB, an extended unbinned
maximum likelihood fit to four Mbc distributions (posi-
tive/negative cos θ for electron/muon channel) is simul-
taneously performed for each q2 bin. We also measure
AFB in the low-q2 region, 1 < q2 < 6 GeV2/c2, where it
is theoretically clean.

The raw asymmetry Araw
FB = N(cos θ>0)−N(cos θ<0)

N(cos θ>0)+N(cos θ<0) ,
where N is the observed signal yields, differs from AFB

due to the dependence of the signal reconstruction effi-
ciency on q2 and cos θ. Figure 1 show the reconstruction
efficiencies on a plane of q2 and cos θ. This pronounced
dependence arises from events with low q2 and high cos θ
having lepton momenta below the event selection require-
ments. We define α as a scaling factor that relates Araw

FB
to AFB. We assume that AFB does not depend on the

Belle, Phys. Rev. D 93, 032008 (2016)
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Our approach
• Our approach is to reconstruct an additional charged kaon in addition to the two leptons.

6

• This can be seen as a hybrid of the fully inclusive and sum-of-exclusives modes.


• Still needs an extrapolation, but hopefully cleaner (or at least complementary) than from a sum-of-
exclusives method.


• We are not claiming to have invented isospin extrapolation here. This has been used to fill in some gaps 
in the sum-of-exclusives method. We instead promote this to the main extrapolation of the analysis.



Patrick Owen - OffShell-21

Fast simulation
• To explore some experimental advantages, generate some fast simulation with 

RapidSim.


• B-hadrons produced with kinematics expected within the LHCb acceptance.


• Smearing to account for reconstruction.

7

• We generate two exclusive channels as a proxy for inclusive decays.


• B+—>K+π-π+µ+µ-


• B+—>K+π-µ+µ-


• In both cases the pions are missing from the visible signature.


• Apply µ pT > 300 MeV/c to account for trigger effects in run III.

arXiv:1612.07489

https://arxiv.org/abs/1612.07489
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Background to these decays
• There are two main backgrounds to an inclusive analysis:


• Combinatorial, whereby accidental combinations of different B/D decays are 
made.


• Double-semileptonic: 

8

• Combinatorial is easier to distinguish but less well understood. 

<latexit sha1_base64="zL/0lA8RAOye3ohZGPHYi8u+6i0=">AAACJHicbVDLSgMxFM34rPU16tJNsAgVaZlRUcFNqS4ENxXsAzrTkknTNjSTGZKMUIb5GDf+ihsXPnDhxm8x03ZRWw8knJxzLzf3eCGjUlnWt7GwuLS8sppZy65vbG5tmzu7NRlEApMqDlggGh6ShFFOqooqRhqhIMj3GKl7g+vUrz8SIWnAH9QwJK6Pepx2KUZKS23zquyoAOZv0vuuFRcShzDWio8Th0ftOH0ksHEEx2ohgdNy28xZRWsEOE/sCcmBCSpt88PpBDjyCVeYISmbthUqN0ZCUcxIknUiSUKEB6hHmppy5BPpxqMlE3iolQ7sBkIfruBIne6IkS/l0Pd0pY9UX856qfif14xU99KNKQ8jRTgeD+pGDOpE0sRghwqCFRtqgrCg+q8Q95FAWOlcszoEe3bleVI7KdrnxdP7s1ypPIkjA/bBAcgDG1yAErgFFVAFGDyBF/AG3o1n49X4NL7GpQvGpGcP/IHx8wuEJ6Qo</latexit>

B ! (D ! K�`+⌫`X)`�⌫`X
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The sideband
• Combinatorial background is extrapolation into signal region using a sideband (above 

the B mass).

9

• Signals are substantially closer to the sideband than in a fully inclusive approach.

Fully inclusive visible mass Kµµ visible mass
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The mass of the strange hadron, mXs

• An important discriminating variable is the mass of the strange hadron.


• Also selected to reduce background in sum-of-exclusives analyses.


• If we use the rest frame approximation [1] to calculate mXs , see an improvement

10

• Kll signature has better resolution on the mass c.f. fully inclusive approach.
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The B momentum direction is determined from the unit vector to the B decay vertex
from the associated PV. The component of the B momentum along the beam axis is
approximated using the relation (pB)z = mB

mreco
(preco)z, where mB is the known B mass,

and mreco and preco are the mass and momentum of the system of reconstructed particles.
The rest-frame variables described above are then calculated using the resulting estimated
B four-momentum and the measured four-momenta of the µ

� and D
⇤+. The rest-frame

variables are shown in simulation studies to have su�cient resolution (⇡ 15%–20% full
width at half maximum) to preserve the discriminating features of the original distributions.

Simulated events are used to derive kinematic distributions from signal and B back-
grounds that are used to fit the data. The hadronic transition-matrix elements for
B

0 ! D
⇤+
⌧
�
⌫⌧ and B

0 ! D
⇤+
µ
�
⌫µ decays are described using form factors derived

from heavy quark e↵ective theory [26]. Recent world averages for the corresponding
parameters are taken from Ref. [27]. These values, along with their correlations and
uncertainties, are included as external constraints on the respective fit parameters. The
hadronic matrix elements describing B

0 ! D
⇤+
⌧
�
⌫⌧ decays include a helicity-supressed

component, which is negligible in B
0 ! D

⇤+
µ
�
⌫µ decays [28]. This parameter is not

well-constrained by data; hence, the central value and uncertainty from the sum rule
presented in Ref. [8] are used as a constraint. It is assumed that the kinematic properties
of the B

0 ! D
⇤+
⌧
�
⌫⌧ decay are not modified by any SM extensions.

For the background semileptonic decays B ! (D1(2420), D
⇤
2(2460), D

0
1(2430))µ

�
⌫µ

(collectively referred to as B ! D
⇤⇤(! D

⇤+
⇡)µ�

⌫µ), form factors are taken from Ref. [29].
The slope of the Isgur-Wise function [30, 31] is included as a free parameter in the
fit, with a constraint derived from fitting the D

⇤+
µ
�
⇡
� control sample. This fit also

serves to validate this choice of model for this background. Contributions from B
0
s !

(D0+
s1 (2536), D

⇤+
s2 (2573))µ

�
⌫µ decays use a similar parameterization, keeping only the lowest-

order terms. Semileptonic decays to heavier charmed hadrons decaying as D⇤⇤ ! D
⇤+
⇡⇡

and semitauonic decays B ! (D1(2420), D
⇤
2(2460), D

0
1(2430))⌧

�
⌫⌧ are modeled using the

ISGW2 [32] parameterization. To improve the modeling for the former, a fit is performed to
the D

⇤+
µ
�
⇡
+
⇡
� control sample to generate an empirical correction to the q

2 distribution,
as the resonances that contribute to this final state and their respective form factors are
not known. The contribution of semimuonic decays to excited charm states amounts to
approximately 12% of the normalization mode in the fit to the signal sample.

An important background source is B decays into final states containing two charmed
hadrons, B ! D

⇤+
HcX, followed by semileptonic decay of the charmed hadron Hc !

µ⌫µX. This process occurs at a total rate of 6%–8% relative to the normalization mode.
The template for this process is generated using a simulated event sample of B+ and
B

0 decays, with an appropriate admixture of final states. Corrections to the simulated
template are obtained by fitting the D⇤+

µ
�
K

± control sample. A similar simulated sample
is also used to generate kinematic distributions for final states containing a tertiary muon
from B ! D

⇤+
D

�
s X decays, with D

�
s ! ⌧

�
⌫⌧ and ⌧

� ! µ
�
⌫µ⌫⌧ .

The kinematic distributions of hadrons misidentified as muons are derived based on the
sample of D⇤+

h
± candidates. Control samples of D⇤+ (⇤) decays are used to determine

the probabilities for a ⇡ or K (p) to be misidentified as a muon, and to generate a 3⇥ 3

4

[1]	LHCB-PAPER-2015-025 

https://cds.cern.ch/record/2029609


Patrick Owen - OffShell-21

Other advantages
• Other advantages include:


• A better defined vertex (three tracks instead of two).


• Flavour tagged for ACP/AFB measurements.


• Access to opposite sign mKl combination.

11

Signal selection

● The efficiency of the signal selection is not uniform

● q2 selection [1.1, 6] GeV2/c4

● Cascade veto: To suppress background such as 

B→D0(→K+ℓ– ν)ℓ+ ν

● R(K): m(K+ℓ–)>m(D0) 

● R(K*): |cosθℓ|<0.8

● More complicated effects induced by trigger, PID, …

● How much/in what direction would RK/RK* shift in a 

NP scenario?

3

[LHCb JHEP 02 (2016) 104]

• In order to fully understand the advantages and remaining level of background, a 
detailed study with full simulation would be required (beyond the scope of the paper).

P. Alvarez-Cartelle, W. Altmannshofer, Beyond the flavour anomalies II workshop
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Comments on the extrapolation
• The extrapolation boils down to calculating the fraction of inclusive b—>sll that 

produce a charged kaon.

12

• For B0 and B+ decays, each b—>sll decay is expected to either a charged or neutral 
kaon.


• Extrapolation is then done using isospin rules (naively expected to be around 50%).


• Of course, we do not only produce B0 and B+ mesons at the LHC..

aI
!0!" !B " K Μ$ Μ!"

2 3 4 5 6 7 8
!0.10

!0.05

0.00

0.05

0.10

q2 !GeV2"

Figure 11: Isospin asymmetry a(0−)
I (q2) in B → K!+!− (the solid curve), the shaded (green) band

indicates the uncertainty of our prediction.

to be very small, revealing an intriguing tension with the available experimental measure-

ments presented in the same table. It is important to further improve the accuracy of our

prediction. E.g., the calculation presented here assumes isospin symmetry for the B → K

form factors. This issue deserves a separate study but – having in mind the usual mag-

nitude of isospin violation – it is hard to expect that the deviation of f+
B0K0 from f+

B−K−

brings substantial changes in the isospin asymmetry of B → K!+!−.

Having at hand the SM prediction for the amplitude of B → K!+!− it is interesting

to investigate the potential influence of new physics in b → s!+!− on the observables in

this decay. Recent improvement [25] of the upper bound for BR(Bs → µ+µ−) has already

put substantial constraints on the new FCNC operators involving pseudoscalar and scalar

couplings of the lepton pair. Hence we only consider a generic new physics induced by the

two tensor operators:

OT =
αem

2π
(s̄σµνb)

(

l̄σµν l
)

, OT5 =
αem

2π
(s̄σµνb)

(

l̄σµνγ5l
)

, (7.3)

with Wilson coefficients CT and CT5, respectively.

The B → K!+!− width is calculated adding the new operator contributions to the

decay amplitude and assuming CT = ±CT5. As shown in [10], these two parameters are

effectively constrained by comparing the measured upper bounds on the inclusive branching

fraction B̄ → Xs!+!− with the SM prediction. Typically one obtains |CT | ∼ |CT5| < 1.2.

With this constraint, our result for the decay rate of B → K!+!−, including the new

physics contribution and integrated over the interval 1.0 < q2 < 6.0 GeV2, reveals a rather

small deviation from the SM prediction, at the level of < 5%. The predicted forward-

backward asymmetry in B → K!+!−, emerging due to the new operators (7.3), is plotted

in Fig. 12 at CT = CT5 = 1.2. This observable can reach at most −(5 − 10)%, being

almost independent of q2. There are measurements of the forward-backward asymmetry

– 25 –

A. Khodjamirian, Th. Mannel, Y.-M. Wang	 LHCB-PAPER-2014-006 

https://arxiv.org/search/hep-ph?searchtype=author&query=Khodjamirian%2C+A
https://arxiv.org/search/hep-ph?searchtype=author&query=Mannel%2C+T
https://arxiv.org/search/hep-ph?searchtype=author&query=Wang%2C+Y
https://cds.cern.ch/record/1692473
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The complication from Bs0 and Λb0 hadrons
• Naively, isospin extrapolation should account for neutral kaons nicely for both Bs0 and 
Λb0 hadrons.

13

JQiBp�iBQM, "y
b ! (� ! E+E�)µ+µ�

(C>1S yN UkyR8V RdN)

• # ! bµµ, 6H�pQm` *?�M;BM; L2mi`�H *m``2Mi ) b2MbBiBp2 iQ TQbbB#H2 LS
• 1K2`;BM; i2MbBQMb rBi? i?2 aJ �+`Qbb i?Bb b2+iQ` U_E ,E⇤ - �M;mH�` Q#bXV
• _mM R `2bmHi, B U"y

b ! �µ+µ�V �`QmM/ j� HQr2` r`i aJ 2tT2+i�iBQM �i HQr [k

• h?Bb �M�HvbBb, lT/�i2 K2�bm`2K2Mi rBi? 7mHH _mM R �M/ k /�i� b�KTH2

aX E`2ixb+?K�` U_qh>V "y
b ! �µ+µ� �M/ "y

b ! 7 0k (R8k8)µ+µ� J�`+? R3i?- kykR k f jj

JQiBp�iBQM, "y
b ! (� ! E+E�)µ+µ�

(C>1S yN UkyR8V RdN)

• # ! bµµ, 6H�pQm` *?�M;BM; L2mi`�H *m``2Mi ) b2MbBiBp2 iQ TQbbB#H2 LS
• 1K2`;BM; i2MbBQMb rBi? i?2 aJ �+`Qbb i?Bb b2+iQ` U_E ,E⇤ - �M;mH�` Q#bXV
• _mM R `2bmHi, B U"y

b ! �µ+µ�V �`QmM/ j� HQr2` r`i aJ 2tT2+i�iBQM �i HQr [k

• h?Bb �M�HvbBb, lT/�i2 K2�bm`2K2Mi rBi? 7mHH _mM R �M/ k /�i� b�KTH2

aX E`2ixb+?K�` U_qh>V "y
b ! �µ+µ� �M/ "y

b ! 7 0k (R8k8)µ+µ� J�`+? R3i?- kykR k f jj

Motivation
• Intriguing results in the B-meson sector: RK, RK*. 

• LHCb can do more: Bs, b-baryons 

• This analysis: test LU with                           : analog of RK* in baryon 

sector 

• SM:  

• also true for NP models which preserve V-A structure 

•                         : observed [PAPER-2016-059] 

•                         : never seen before 

• target the 1st observation 

• measure the BRs of both 

• Use 2011-2012-2016, Bu2LLK_mmLine and Bu2LLK_eeLine2

�2

Λ0
b → pK−ℓ+ℓ−

Λ0
b → pK−μ+μ−

Λ0
b → pK−e+e−

[1909.02519]

• Problem is that there is a fraction of inclusive Bs0 and Λb0 decays which do not 
produce kaons. This fraction is unknown and extrapolation appears difficult.
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Bs0 and Λb0 hadron decays as background
• These decays have smaller production and branching fractions than the B+ and B0 

decays.
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• We therefore propose to treat them as background and subtract them for the branching fraction.


• Dedicated auxiliary measurements can be useful:


• For Bs: 


• For Λb: 


• It is clear that a resulting systematic uncertainty will arise from this.

<latexit sha1_base64="7zdSVVjuNy7lzFIKqRLeygFT4pU=">AAACHXicbVDLSgMxFM3UV62vUZdugkWoSMuMFnVZ6kZwU8E+oDMOmTTThmYeJBmhDPMjbvwVNy4UceFG/Bsz7Sy09UKSk3PuJTnHjRgV0jC+tcLS8srqWnG9tLG5tb2j7+51RBhzTNo4ZCHvuUgQRgPSllQy0os4Qb7LSNcdX2V694FwQcPgTk4iYvtoGFCPYiQV5eh1y0dyhBFLmmml6SQihZYM4c19cpKqrZrCHrQIY9l9dlbTY0cvGzVjWnARmDkog7xajv5pDUIc+ySQmCEh+qYRSTtBXFLMSFqyYkEihMdoSPoKBsgnwk6m7lJ4pJgB9EKuViDhlP09kSBfiInvqs7Mi5jXMvI/rR9L79JOaBDFkgR49pAXM6j8Z1HBAeUESzZRAGFO1V8hHiGOsFSBllQI5rzlRdA5rZnntbPbernRzOMoggNwCCrABBegAa5BC7QBBo/gGbyCN+1Je9HetY9Za0HLZ/bBn9K+fgBSHqFv</latexit>

B(Bs ! K+K�X`+`�)
<latexit sha1_base64="6IVP4N5m3rkRoGHFVfZK94O9bI8="></latexit>

B(⇤0
b ! pK�X`+`�)

	 LHCB-PAPER-2018-050 

https://cds.cern.ch/record/2660233
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Prospects for theoretically precise observables
• Of course none of these matters for observables which are either reliably zero in the SM (ACP) or 

hadronic uncertainties cancel (LFU ratios).


• In this case, missing an unknown fraction of the inclusive decay does not spoil the comparison with 
the SM.
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• Here we note the fact that the inclusive BF is around order of magnitude higher than exclusive 
channels.


• By the end of run III, we expect around 1M                            candidates(!!).


• Due to the low reconstruction efficiency at LHCb, expect any LFU/ACP measurements to be 
statistically independent than exclusive ones (e.g. RK).


• Can afford to be brutal with the selection and still have a large signal yield.

<latexit sha1_base64="8Dm4cW/e9EbOoa08ERkaOZCNPuA=">AAACCXicbVBPS8MwHE39O+e/qkcvwSEI4mhV1OPQi+BlgtsKay1plm5haVqSVBilVy9+FS8eFPHqN/DmtzHdetDNByGP934/kveChFGpLOvbmJtfWFxarqxUV9fWNzbNre22jFOBSQvHLBZOgCRhlJOWoooRJxEERQEjnWB4VfidByIkjfmdGiXEi1Cf05BipLTkm9DxA+iqGN7cZ4c5dKBLGCvo5D7KfbNm1a0x4CyxS1IDJZq++eX2YpxGhCvMkJRd20qUlyGhKGYkr7qpJAnCQ9QnXU05ioj0snGSHO5rpQfDWOjDFRyrvzcyFEk5igI9GSE1kNNeIf7ndVMVXngZ5UmqCMeTh8KUQZ28qAX2qCBYsZEmCAuq/wrxAAmElS6vqkuwpyPPkvZx3T6rn9ye1hqXZR0VsAv2wAGwwTlogGvQBC2AwSN4Bq/gzXgyXox342MyOmeUOzvgD4zPH8cHmSU=</latexit>

Xb ! K+X`+`�

	 LHCB-PAPER-2014-032 

https://cds.cern.ch/record/1747895
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Summary
• We propose to use the signature                             as a proxy for inclusive b—>sll 

decays.


• Several experimental advantages are expected with respect to a fully inclusive 
approach.


• Sideband closer to the signal - easier extrapolation for combinatorial background.


• Extrapolation complicated at LHC by presence of Bs and Λb0 hadrons - propose to 
treat them as background.


• Expect the largest sample of self-tagged b—>sll decays in the world with this method 
- could provide statistically independent measurements of clean observables.
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<latexit sha1_base64="8Dm4cW/e9EbOoa08ERkaOZCNPuA=">AAACCXicbVBPS8MwHE39O+e/qkcvwSEI4mhV1OPQi+BlgtsKay1plm5haVqSVBilVy9+FS8eFPHqN/DmtzHdetDNByGP934/kveChFGpLOvbmJtfWFxarqxUV9fWNzbNre22jFOBSQvHLBZOgCRhlJOWoooRJxEERQEjnWB4VfidByIkjfmdGiXEi1Cf05BipLTkm9DxA+iqGN7cZ4c5dKBLGCvo5D7KfbNm1a0x4CyxS1IDJZq++eX2YpxGhCvMkJRd20qUlyGhKGYkr7qpJAnCQ9QnXU05ioj0snGSHO5rpQfDWOjDFRyrvzcyFEk5igI9GSE1kNNeIf7ndVMVXngZ5UmqCMeTh8KUQZ28qAX2qCBYsZEmCAuq/wrxAAmElS6vqkuwpyPPkvZx3T6rn9ye1hqXZR0VsAv2wAGwwTlogGvQBC2AwSN4Bq/gzXgyXox342MyOmeUOzvgD4zPH8cHmSU=</latexit>

Xb ! K+X`+`�


