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These proceedings summarise three recent papers from the LHCb Collaboration in the area of
charmless b-decays. The branching fraction for the decay B0

s→ φφ is measured and a search for
the highly suppressed decay B0→ φφ is performed. The decay B0

s→ η′η′ is observed for the first
time and the CP asymmetries in the decays B+→ η′K+ and B+→ φK+ are measured. Finally,
the decay B0→ ρ0ρ0 is observed for the first time and its longitudinal polarisation is measured.
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1. Introduction

The class of hadronic B-decays that do not contain any charmonium or open-charm particles
in their decay tree are often referred to as charmless decays. Precision measurements of these de-
cays are a promising area to search for physics beyond the Standard Model (BSM). The effects of
BSM physics are expected to enter through higher order or loop diagrams where precision mea-
surements could indicate deviations from Standard Model (SM) predictions. Charmless B-decays
are of particular interest since the amplitude of the first order tree-level diagrams normally contain
the CKM element |Vub|, due to the smallness of this element [1] loop or higher order diagrams can
compete in strength. Hence BSM processes entering through loop diagrams can make a measur-
able contribution to observables. Some charmless decays proceed through flavour changing neutral
currents which are forbidden at the tree level in the SM, hence these decays are suppressed and
BSM diagrams can also here make sizeable contributions.

The LHCb experiment [2, 3] is very well suited for measuring charmless b-hadron decays.
The branching ratios of the decays of interest are small (∼ 10−5− 10−6) for the reasons outlined
above. LHCb profits from the very large bb production cross section at the LHC, 75± 5.4±
13µb at 7TeV [4], collecting large statistics samples of these decays. However, the experimental
environment is very challenging at a hadron collider due to the even larger total inelastic cross
section, hence the challenge is to reconstruct, trigger on and select these fully hadronic decays. The
LHCb Experiment is designed and optimised for this task with excellent tracking performance, a
selective and efficient trigger, and particle identification separating protons, pions and kaons in the
full acceptance.

The full spectrum of beauty hadrons is produced at the LHC, therefore LHCb can make mea-
surements of charmless decays of B0, B0

s , B+ and B+
c mesons and several different B-baryons.

Three measurements from the LHCb Experiment are presented in these proceedings, all based
on the data set of 3 fb−1 collected 2011 and 2012 at centre of mass energy of 7 and 8TeV respec-
tively. These are described in Sections 2–4 and the paper concludes in Section 5.

2. B0
(s)→ φφ branching ratio

The decay B0
(s)→ φφ proceeds through penguin processes and is important for CP violation

studies, for instance measuring the CP violating phase in the b→ sss transition [5, 6]. It also serves
as a normalisation mode for or is present as a background in other decay modes, hence knowing
its branching fraction is important. The previous best measurement was performed by the CDF
Experiment [5] and the present measurement by LHCb is a significant improvement on that result.

The analysis [7] measures the branching ratio of B0
s→ φφ relative to the the decay B0→ φK∗0

and takes into account the relative efficiencies of the two decays and the relative probability of
bb pairs hadronising into B0

s and B0 mesons (referred to as fs/ fd). The ratio of efficiencies is
determined from simulation, apart from the particle identification efficiencies that are determined
by a data-driven method based on charm decays where the identity of the final state particles are
determined from kinematic constraints alone. The value of fs/ fd = 0.259± 0.015 is taken from
the LHCb measurement in Ref. [8].
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The φ and K∗0 candidates are formed by combinations of opposite charged tracks identified
to be either kaons or pions, whose invariant masses have to be within 15MeV/c2 (50MeV/c2) of
the φ (K∗0) mass. These are combined to form signal and normalisation candidates with vetoes
against φφ and φK∗0 cross feed and against D+ and D+

s decays. The selection consists of a pre-
selection stage and a Boosted Decision Tree (BDT) [9] trained on simulated B0→ φK∗0 events and
background from the data sidebands. The BDT cut is optimised to maximise the B0→ φK∗0 yield.
The fits to the mass spectra are shown in Figure 1, and the yields are determined to be 2349± 49
B0

s→ φφ decay candidates and 6680±86 B0→ φK∗0 decay candidates.
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Figure 1: Fits to the invariant mass spectra of the (left) signal and (right) normalisation channel. The
K+K−K+K− spectrum is described by models of the B0

s→ φφ (blue dashed)) and combinatorial background
(purple dotted). The K+K−K+π− spectrum is described by models of the B0

(s)→ φK∗0 (blue dotted/dashed),
peaking backgrounds (green dash-dotted) and combinatorial background (purple dotted).

The yields are corrected for non-resonant contributions determined from angular analyses [5,
10]. The ratio of branching ratios of the signal and normalisation mode is determined to be 1.84±
0.05(stat)± 0.07(syst)± 0.11( fs/ fd). Using the known branching fraction of B0→ φK∗0 the
following absolute branching fraction is obtained

B(B0
s→ φφ) = (1.84±0.05(stat)±0.07(syst)±0.11( fs/ fd)±0.12(norm))×10−5.

The decay decay B0→ φφ is highly suppressed and the SM predictions are in the range 0.1−
3× 10−8 but could be enhanced in some extensions to the SM. The previous best limit for this
mode is B(B0→ φφ)< 2.0×10−7 at 90% CL set by the BaBar Collaboration [11]. The analysis
described above is extended to a search for this decay, where the main change is that the cut on
the BDT output variable is optimised using a frequentist figure of merit (FoM) [12] to maximise
the probability of finding the first evidence for this decay. The observed signal yield is compatible
with zero (5±6 candidates) and an upper limit of B(B0→ φφ)< 2.8×10−8 at 90% CL is set.

3. First observation of B0
s→ η′η′

The final state of the decay B0
s→ η′η′ is CP even and hence it gives access to CP violating

observables in a similar but complementary way as the decay B0
s→ φφ , without the need for an
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angular analysis. This analysis led to the first observation of this decay [13]. The branching ratio
is predicted to be similar to that of its SU(3) partner B+→ η′K+, hence in the order of 10−5.

The η′ is reconstructed in the mode η′→ π+π−γ and the candidates are selected with rectan-
gular cuts that maximise the same FoM as mentioned previously [12], but in this case optimised
for first observation. The signal yield is determined from fits to the π+π−γ and η′ η′ mass spectra,
shown in Figure 2, and found to be 36.4± 7.8 (stat) ± 1.6 (syst) candidates. The signal signif-
icance is determined to be 6.4 σ using Wilks’ theorem, including both statistical and systematic
uncertainties.

Figure 2: Fits to the two π+π−γ invariant mass spectra (left) and to the η′ η′ mass spectrum (right).
The fit includes the signal peaks (red short-dashed), partially reconstructed background (black dash-dotted),
combinatorial background with (blue dotted) and without (blue long-dashed) a reconstructed η′.

The branching ratio is determined relative to the decay B+→ η′K+ and the value for the
hadronisation fraction fs/ fd is used [8], assuming that the probabilities for hadronising into a
B0 or B+ meson are the same. The relative efficiencies for the particle identification, photon
reconstruction and trigger are determined with data-driven methods, and the remaining relative
efficiencies are determined from simulation. The relative branching fraction of B(B0

s→η′η′)
B(B+→η′K+) =

0.47±0.09(stat)±0.04(syst) is determined, and using the known branching fraction for the decay
B+→ η′K+ results in an absolute branching fraction of

B(B0
s→ η′η′) = (3.31±0.64(stat)±0.28(syst)±0.12(norm))×10−5.

The CP asymmetries for the normalisation channel and for B+→ φK+ are also measured.
The raw asymmetries are measured from fits to the mass spectra and the CP asymmetries are de-
termined using the fact that the production and detection asymmetries are identical for the two
channels and are also the same for the decay B+→ J/ψK+. The CP asymmetry for the de-
cay B+→ J/ψK+ is small and well known, hence the CP asymmetries can be calculated from
the difference A CP(B+→ η′K+, B+→ φK+)−A CP(B+→ J/ψK+) = Araw(B+→ η′K+, B+→
φK+)−Araw(B+→ J/ψK+). Using the known CP asymmetry for B+→ J/ψK+ [14] the physical
CP asymmetries are determined to be

A CP(B+→ η′K+) = (−0.2±1.2(stat)±0.1(syst)±0.6(norm)) ×10−2

A CP(B+→ φK+) = (+1.7±1.1(stat)±0.2(syst)±0.6(norm)) ×10−2.
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4. First observation of B0→ ρ0ρ0

The CKM angle α can be measured by a combined analysis of the decays B0→ ρ+ρ−,
B+→ ρ+ρ0 and B0→ ρ0ρ0 [15]. The Belle and BaBar experiments have published angular anal-
yses the first mode [16, 17] and Belle II is expected to significantly improve the precision of these
measurements. The decay B0→ ρ0ρ0 is well suited for LHCb since all particles in the final state are
charged. This analysis [18] presents the first observation of this decay. Belle and BaBar found ev-
idence for the decay and measured the longitudinal polarisation, albeit with some tension between
their measured values.

Candidates are formed by combining π+π− pairs consistent with being B0
(s) decays. After a

pre-selections stage, the signal purity is further enhanced by applying a BDT selection and particle
identification criteria. Furthermore, vetoes are applied against charmonium and D0 decays and
against three-body combinations in the low mass region. The fit to the mass spectrum is shown in
Figure 3, giving a signal yield of 634± 29 B0 and 101± 13 B0

s candidates. The B0
s peak in this

spectrum is observed unambiguously.

]2) [MeV/c-π+π)(-π+πM (
5100 5200 5300 5400 5500

)2
C

an
di

da
te

s/
(1

6 
M

eV
/c

0

50

100

150

200

250 Data
)-π+π)(-π+π (→ 0B
)-π+π)(-π+π (→ s

0B
Combinatorial
Partially reconstructed

)-π+π)(-π+ (K→ 0B

LHCb

Figure 3: Fit to the π+π−π+π− mass spectrum.

An amplitude analysis is performed on the B0→ π+π−π+π− candidates in the spectrum,
using the invariant mass of the π+π− pairs and two angular variables. The amplitude model con-
tains in addition to the B0→ ρ0ρ0 decay also vector-vector, vector-scalar and vector-tensor com-
ponents. See Ref. [18] for details. The fraction of B0→ ρ0ρ0 candidates is determined to be
0.619± 0.072(stat)± 0.049(syst) resulting in approximately 390 signal candidates and a signal
significance of 7.1 σ . The longitudinal polarisation is determined to be fL = 0.745+0.048

−0.058 (stat)±
0.034(syst).

The branching ratio is measured relative to the decay B0→ φK∗0 and the relative efficiencies
are integrated over the phase space taking the amplitude model into account. This gives the relative
branching ratio of B(B0→ρ0ρ0)

B(B0→φK∗0) = 0.094±0.017(stat)±0.009(syst), and using the known branching

ratio of B0→ φK∗0 the resulting branching ratio is

B(B0→ ρ0ρ0) = (0.94±0.17(stat)±0.09(syst)±0.06(norm))×10−6.
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5. Conclusion

The LHCb experiment has excellent capabilities to study charmless b-hadron decays. These
proceedings summarise three recent papers in this area and present seven world-best measurements.
LHCb will continue to produce results on charmless b-hadron decays and in other areas in the years
to come as more data will be collected.

References

[1] J. P. Lees et al. [BaBar Collaboration], Phys. Rev. D 86 (2012) 032004
doi:10.1103/PhysRevD.86.032004 [arXiv:1112.0702 [hep-ex]].

[2] A. A. Alves, Jr. et al. [LHCb Collaboration], JINST 3 (2008) S08005.
doi:10.1088/1748-0221/3/08/S08005

[3] R. Aaij et al. [LHCb Collaboration], Int. J. Mod. Phys. A 30 (2015) no.07, 1530022
doi:10.1142/S0217751X15300227 [arXiv:1412.6352 [hep-ex]].

[4] R. Aaij et al. [LHCb Collaboration], Phys. Lett. B 694 (2010) 209 doi:10.1016/j.physletb.2010.10.010
[arXiv:1009.2731 [hep-ex]].

[5] T. Aaltonen et al. [CDF Collaboration], Phys. Rev. Lett. 107 (2011) 261802
doi:10.1103/PhysRevLett.107.261802 [arXiv:1107.4999 [hep-ex]].

[6] R. Aaij et al. [LHCb Collaboration], Phys. Rev. D 90 (2014) no.5, 052011
doi:10.1103/PhysRevD.90.052011 [arXiv:1407.2222 [hep-ex]].

[7] R. Aaij et al. [LHCb Collaboration], JHEP 1510 (2015) 053 doi:10.1007/JHEP10(2015)053
[arXiv:1508.00788 [hep-ex]].

[8] Storaci B [LHCb Collaboration], LHCb-CONF-2013-011, CERN-LHCb-CONF-2013-011.

[9] Y. Freund and R. E. Schapire, J. Comput. Syst. Sci. 55 (1997) no.1, 119. doi:10.1006/jcss.1997.1504

[10] R. Aaij et al. [LHCb Collaboration], JHEP 1405 (2014) 069 doi:10.1007/JHEP05(2014)069
[arXiv:1403.2888 [hep-ex]].

[11] R. Aaij et al. [LHCb Collaboration], JHEP 1405 (2014) 069 doi:10.1007/JHEP05(2014)069
[arXiv:1403.2888 [hep-ex]].

[12] G. Punzi, eConf C 030908 (2003) MODT002 [physics/0308063].

[13] R. Aaij et al. [LHCb Collaboration], Phys. Rev. Lett. 115 (2015) no.5, 051801
doi:10.1103/PhysRevLett.115.051801 [arXiv:1503.07483 [hep-ex]].

[14] K. A. Olive et al. [Particle Data Group Collaboration], Chin. Phys. C 38 (2014) 090001.
doi:10.1088/1674-1137/38/9/090001

[15] M. Gronau and D. London, Phys. Rev. Lett. 65 (1990) 3381. doi:10.1103/PhysRevLett.65.3381

[16] A. Somov et al. [Belle Collaboration], Phys. Rev. D 76 (2007) 011104
doi:10.1103/PhysRevD.76.011104 [hep-ex/0702009].

[17] B. Aubert et al. [BaBar Collaboration], Phys. Rev. D 76 (2007) 052007
doi:10.1103/PhysRevD.76.052007 [arXiv:0705.2157 [hep-ex]].

[18] R. Aaij et al. [LHCb Collaboration], Phys. Lett. B 747 (2015) 468 doi:10.1016/j.physletb.2015.06.027
[arXiv:1503.07770 [hep-ex]].

5


