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The LHCDb experiment is ideally suited to the study of decays involving b quarks to fully
hadronic final states. In these proceedings I summarise the status of the LHCb ~ combination
and present several recent analyses involving beauty baryon and meson decays.

1 Introduction

The CKM angle v = arg(—VuaV,}/VeaVy;) is the least well-known angle of the unitarity trian-
gle. Tt is also the only angle that can be measured through tree-level processes, allowing com-
plementary measurements between tree- and penguin- level processes to test for new physics
contributions. At tree level ~ is typically measured using decays of the form B* — Dh® with
h = K, 7. As no single measurement is sufficiently sensitive to =y, combinations of several mea-
surements are performed. LHCb has made two combined measurements of v with the decays
B+t 5 DK*, D —K2hh 1, B* -Dh*, D KK, nm,Kr 2 and B* - Dh*, D K37r 3. The
first, published combination uses both B — DK and B — D final states with 1 fb=' 4. In this
analysis the effects of D°-D® mixing are taken into account ® and the D — K37 strong phase ©
is included as an external input. The second, preliminary, result ” uses the B¥ — DK® modes
only, but updates the D — K2hh final state analysis to 3 fb~!®. The preliminary combination
finds v = 67+£12°, which is comparable to the sensitivity obtained by the B-factories. The
remainder of these proceedings describe several analyses of beauty hadron decays to final states
including charmed mesons, a number of which can be used to further increase sensitivity to -y
in combination with those already used.

2 CP violation in B* — D{KZ3Kn}h

LHCb has performed an ADS-like ® analysis of the decays B* — D{K2Kn}h with 3 fb~! of
data collected during the 2011-2012 running period®. This is the first analysis of its kind to use
singly Cabibbo-suppressed modes. Extraction of « is dependent upon knowledge of the D decay
strong phase, which varies over the Dalitz plane. Instead of employing an amplitude model to
describe this phase variation, direct measurements of the phase made by the CLEO collaboration
are used, which are averaged over large regions of the Dalitz plane '°. Additionally there is a
dependence upon the coherence factor determined in the same paper: within 100 MeV of the
K*(892) * region the coherence factor is ~ 1.0 while over the whole Dalitz plane it is closer to
~0.7. As sensitivity to 7 is dependent upon this factor, the analysis is performed for both of
the entire Dalitz plane and the restricted region. Candidates are selected using mass windows
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Figure 1: Significance contours in the v — rg plane for (left) the whole Dalitz space and (right) the + 100 MeV
region surrounding the K*(892) *+ resonance. While v is unbounded in both instances, the sensitivity is larger in
the latter. The LHCb combined v measurement is indicated.

on the 77 and KgKn’ combinations consistent with those of a Kg and D meson, respectively.
Candidate momenta are refit after applying mass constraints and the B* is constrained to
have originated from the primary vertex. A multivariate selection is then performed, trained
on high-mass background candidates and simulated B* — DY{K3h*h~}h'* candidates, using
as discriminating inputs the impact parameter x? for daughter tracks, the B and D momenta,
track isolation and the x? of the refit. Prompt D backgrounds are suppressed using a > 0.2 ps
decay time requirement on the D candidate, and K-7m mis-ID backgrounds are reduced using
particle ID information.

The B invariant mass is fit to in order to extract parameters sensitive to v. Two background
distributions are modelled: A linear function is used to describe combinatoric backgrounds while
partially reconstructed backgrounds containing a genuine D candidate are determined from a
sample of the more abundant B* — D{Kr}h. For the B¥ — D{Kr}K sample a significant
additional background is present from 7 — K mis-ID. A simultaneous fit is performed in which
the dataset is split by the year in which the data were taken, the h = K, 7 final state, the charge
of the B¥ candidate and the track types used to form the Kg: long’ candidates are those
whose tracks traverse the entire LHCb tracking system, while ’"downstream’ candidates do not
have tracks in the Vertex Locator surrounding the PV. The simultaneous fit directly extracts
parameters sensitive to v and the B decay strong phase, rg which are a function of the signal
yvields. In total the fit finds ~200 B* —DY{KZKn}K and B* — D{KJKn}r candidates, of
which ~ 120 and ~ 1900 are within =+ 100 MeV of the nominal K*(892)* mass respectively.

Figure 1 presents the sensitivity to -, determined from a frequentist scan over the v — rg
plane in which both statistical and systematic uncertainties have been accounted for. While v
is unbounded at the current precision, the sensitivity to v appears to be enhanced when only
using the K*(892) * region of the Dalitz plane.

3 Decays of Beauty baryons to D°ph, A‘L‘h and two charmed hadrons

The decays of beauty baryon decays are largely unexplored. The LHCb experiment is ideally
suited to measurements involving baryon decays to fully hadronic final states, and the decay
Ab—>D0pK can be used to measure v ''. Two recent analyses are presented here, a study of
beauty baryon decays to D’ph and ATh with 1 fb~1!2 and a study of beauty baryons decaying
into two charmed hadrons® using 3 fb~!. In the first study, the common pKrh final state allows
many systematic uncertainties to cancel when measuring branching fraction ratios. Candidates
are selected using a kinematic fit which applies vertex and mass constraints resulting in a very
efficient selection, from which ~ 50k A, — DK™ and ~ 3400 A, — A7~ candidates are ob-
tained. The D’pK and D% final states are subjected to an additional multivariate selection to
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Figure 2: Invariant mass distributions of Afn ™, D7~ and D°pK ™~ candidates. Fits are overlaid.
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Figure 3: Invariant mass distributions of ATD7 and ATD™ candidates. A fit is overlaid

maximise signal significance, resulting in observation of A, — DK~ with 9.00 significance, and
observation of E% — DYpK~ with 5.90 significance. Using the DYpK~ spectrum shown in Figure 2
the Eg—Ab mass difference is determined, which in combination with the LHCb measurement of
M(A,) ' makes the most precise measurement of the =) mass:

L) = 174.842.4 (stat) 0.5 (syst) MeV/c?, (1)
M(ZY) = 5794.3 4 2.4(stat) +0.7(syst)MeV/c?. (2)

In the second study, beauty hadrons are selected from combinations two of DY — K~ KT+,
Dt - K ntnt and AL — pK 7", again using a kinematic fit with vertex and mass constraints
to improve the resolution of the beauty hadron mass. Charm hadron vertices are required to be
significantly displaced from the parent vertex in order to reduce contributions from non-charm
decays, and a data-driven multivariate selection is used to increase signal significance. The
decays A, - ATD™ and A, — A{Dy are observed as indicated in Figure 3 and their branching
ratios are determined to be:

B(A,—ATDy) =(1.1£0.1) x 1072, (3)
B(A,—ATD™) = (4.74£0.6) x 1074, (4)

In addition, BY, B® — DY D~ candidates are selected. The kinematic similarity between B — D7 D%
and A, — ATDj is used to determine the A,-B° mass difference. The uncertainty of the track
momentum calibration which determined the mass resolution is less than 0.03%. In combina-
tion with the PDG '® value of the BY mass this allows LHCb to make the world’s most precise
measurement of the Aj mass:

M(A,) — M(B®) = 339.72+0.24(stat) = 0.18(syst)MeV/c?, (5)
M(A,) = 5619.3+0.3MeV/c?. (6)



Lastly, a search is performed for B BY — ATA_ candidates. Regions centred around the
nominal beauty-meson masses with boundaries defined such that each region contains 95% of
the corresponding signal are determined using simulation, with A sidebands used to determine
the expected background contribution. No significant excesses are observed, and so branching
fraction limits 1% are determined to be:

BB = ATA7) <1.6x107° [95%CL],  B(BY?— ATA7) < 8.07° [95%CL). (7)
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