PROCEEDINGS

OF SCIENCE

B(s) — D(S)h(h)(h) Decays in LHCDb

Steven R. Blusk*
Syracuse University
E-mail: sbl usk@yr . edu

We report recent measurements from LHCbBg — D h(h)(h) decays using-35 pb! of
data collected in 2010. In brief, we measure the followingpsaof branching fractions:
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where the uncertainties are statistical and systematipeively. The first of these measure-
ments is the most precise to date, and the others are firstvaltisas.
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1. Introduction

One of the key objectives of particle physics is to search for new ph{i§ie¥ in the decays
of beauty and charm particles. In the presence of NP, decays cogtajnantum loops would
acquire an additional NP amplitude, and the interference between it anthtigasd model (SM)
amplitudes could give rise to sizeable deviations in the observed ratesaadigtributions, or CP
asymmetries. In some cases, the SM provides predictions to which meastgearehe compared,
eg., B(Bs— Ut ) = (3.240.2) x 1072 [1], zero-crossing point iB° — K*0¢+ ¢~ [2].

At the heart of weak heavy flavor decays is the CKM matrix [3], desagilitunitary rotation
between the flavor eigenstates and the mass eigenstates. Its four pasatheterreal angles and
one complex phase are not predicted by the SM and must be measure@KMenatrix deter-
mines not only the relative strengths of various quark transitions, but aloinmatter-antimatter
asymmetries, if the complex phase is non-zero. Applying the unitarity constoealind columns
produces a triangle in the complex plane (so-called Unitarity triangle (UTB.Sides and angles
of this triangle are related to two of the the four CKM parameters, and eachecprobed through
a variety of decay processes.

The state of affairs of the Unitarity triangle is shown in Fig. 1. A number of mesaments are
combined to determine its apeg,). Since many of these measurements may be influenced by
NP, it is of great importance to precisely determine the apex of this trianglg dsicays that are
both (expected to be) sensitive and insensitive to NP. Any significamtiav between the apex
in the NP-sensitive and NP-insensitive measurements would be a smoking gun for NP. There are
indications of tension between the various CKM measurements [7].

The least well measured of the angles in the UT is the apgl€he current precision op
ranges from~11° [5] to 14° [6], compared to a precision on the other two angles of about 3% and
4.5% for3 anda, respectively. It is therefore a high priority in flavor physics to makeecise
measurement of the angle and see if the fitted apex in Fig. 1 is consistent with the directly
measured value of.
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Figure 1. Constraints ong,n) from a number of measurements in the flavor sector.

A number of theoretically clean methods for extractindpave been explored in the litera-
ture. Among the most well known techniques are to use the Cabibbo-sgedréCS) decays
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B~ — D%~ [8,9, 10] and?Tg — DZFKT [11, 12]. Beyond these modes, one can exploit higher mul-
tiplicity decays, such aB® — D°K*0, B~ — DK~ 7" 7t~ [13] or BY — DEKF =177, Additional
sensitivity can be obtained by usirﬁg0 — Dt [14] andB® — Dt decays. Because
these measurements are limited|By|, and we only measur®(10%) of the charm decays, the
rates for these decays are low, requiring a very large data sample.

In 2010, LHCDb collected-35 pb? of data, about 2% of a nominal year's luminosity. While
this size data sample is insufficient to begin measuremenis ifis sufficient to demonstrate
that LHCb can observe the kinematically similar Cabibbo-favored (CF)ydeeeth roughly the
expected yields (from simulation) and a good signal-to-background k¢ice, we report on recent
measurements @) — D s h(h)(h) decays f = 1,K) using this data sample.

2. The LHCb Experiment

The LHCb experiment is a dedicated flavor experiment at the Large Ha&dodlider. The
copious production dﬁBpairs Opp = 28442049 ub[15]), combined with the correlated forward
production ofbb pairs, allows LHCb to trigger on and reconstruct important and rareydeg#h
product branching fractions down ©(10~%) with a 2 fo~! data sample. The detector includes a
charged particle tracking system that provides an impact parameter@@ution of~ 16um +
30um/pr (pr in GeVi), and a momentum resolution that ranges fropgip ~ 0.5% at 3 GeV¢
to ~ 0.8% at 100 GeW. Two Ring Imaging Cherenkov Counters (RICH) provide a kaon particle
identification (PID) efficiency 0f-95% for a pion fake rate of a few percent. Electromagnetic and
hadronic calorimeter systems provide for electron and photon identificatmmha muon system
provides for muon identification. A more detailed description of the LHCb detean be found
in Ref. [16].

Events are selected by a two level trigger system. The first level, LO, thuaae-based,
capable of operating at 40 MHz, and selects events with either a largedraa€nergy deposition,
Er > 3.6 GeV, in the calorimeters, or single/di-muons detected in the muon system. The outp
of LO (up to 1 MHz) is then processed by a High Level Trigger (HLT),iekhruns simplified
version of the offline LHCb software. For the analyses presented tierdirst level of the HLT
(HLT1) requires at least one charged particle with> 1.8 GeVt and IP>125um [17]. A second
stage (HLT2), then searches for 2, 3,4-particle vertices using traekilvep > 5 GeVk, pr >
0.5 GeVk and IPx? > 16 to any PV (see Ref. [18] for more details). These HLT1 and HLT2 lines
each have an efficiency 6§80-90% for a large range & decays. For both LO and HLT, we can
trace offline-reconstructed signal candidates to trigger objects. Ewantthen be classified into
those in which the event wasiggeredOn Signal (TOS), ofTriggeredi ndependently of th8ignal
(TIS).

3. Measurement of (B — DTK™)

The decayg® — DK~ is kinematically similar t®®2 — DK ¥, which can be used to measure
y in a time-dependent analysis. By observity— DK~ and measuring its rate, we demonstrate
LHCb's capabilities in purely hadronic channels, and it sets the stagexfactations inB2 —
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DZK¥ with a larger data sample. The decay is measured relative to the kinematically similar
B’ -~ Dt

The search for this decay starts with selecting particles that are more likelgnte érom
b—hadron decay. Tracks are required to hase> 300 MeVk and IP x2 > 9. Using these
tracks, candidat®* — K~ rt decays are formed, where we requiteL (K — 1) > 0 and
ALL(K — ) < 10 for kaons and pions, respectively, as determined using information fine
RICH. Reconstructe® candidates are required to hage > 1.5 GeVk and vertexy?/dof < 12.
Tighter selections are imposed on bachelor particle candidates, namelguirege- > 500 MeVE
andALL(K — 1) > 5 (ALL(K — 71) < 0) for kaons (pions)B® — DK~ (EO — D*m) candidates
are formed by combing ® candidate which has invariant mass in the range 1829k ;; <
1893 MeVt? with a bachelor kaon (pion) candidate, and requiring it have vexfexdof < 12
and proper time > 0.2 ps. Events are required to be either TOS or TIS at LO, and TOS at HLT.
A final boosted-decision-tree, trained on signal MC for signal ancbsidds in data for the back-
ground, is used to improve the signal-to-background ratio. RecongtrBfteandidates passing
these selections are shown in Fig. 2. Signal yields are extracted fronm@nned maximum
likelihood fit that includes a double-Crystal Ball signal shape [19], simabes to describe back-
ground sources from both known decays, sucbds Dp, and random combinations. The fitted
yields are 4109 75 B D*m and 253t 21 B9 — DK~ signal events. The ratio of efficien-
cies,sEon]r/s@HmK, = 1.221+0.007, where the departure from unity is mainly driven by
the lower PID efficiency for the bachelor kaonB3 — D*K~. The resulting ratio of branching
fractions is measured to be:
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Figure 2: Invariant mass distributions fdB® — DK~ (left) andB® — D+ (right) candidates using
35 pb ! of data.

More details of this analysis can be found in Ref. [20].
4. Measurement of (B2 — DOK*0)

The decayB® — DOK*0 is of great interest because it can be used in much the same way as
B~ — DPK~ to determiney. Although the parent meson isBf, the final state is flavor-specific,
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and therefore the flavor at production is known. ObsenBAg- DK*0 will require a larger data

set, but a similar decay with larger expected ratBIis—> DOK*0, This decay, reconstructed in the
same final state aB% — DOK*0, represents a sizeable background, and thus measuring its rate,
which is currently not known, is important.

Its branching fraction is measured relative to the kinematically sinBfar~ D°p° decay.
The analysis is very similar to the analysisBf — D*K~, except here the bachelor is a vector
resonance. Candidae® — K+t (p° — 't 1m) decays are required to have invariant masses
within 50 (150) MeVt? of the nominal resonance mass and helicity anglé@&os> 0.4. A number
of selections are applied, similar to those described above (see Refof24Jfull list of cuts).
Taking advantage of the nearly identical final states, both LO TOS and&@Vents are used to
maximize statistics. The invariant mass spectraB®r— D°K*® and B9 — D%p° are shown in
Fig. 3. Total signal yields of 154 14 B — D°0° and 35+ 7 B — D°K*? are observed. This is
the first observation of thB2 — D°K* decay.
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Figure 3: Invariant mass distributions foBQ — DOK*C (left) and B — D°p°(right) candidates, using
35 pb ! of data.

After correcting by the ratio of efficiencies, the ratio of branching frawtis measured to be:

#(BY — DOK*0)

%(B° — D)
where the uncertainties are statistical, experimental systematic, and theaimgeon theb —
Bq/b — Bs fragmentation fraction.

=139+031+0.17+£0.18

5. Measurement of 2(B% — DK~ " rr) and (B~ — DK~ 11

In addition to using® — DEK T to measurey in a time-dependent analysis, one can also make
use ofBY — DZK ¥ et i¥. The branching fraction for the latter is likely to be 2-3 times larger and
will have better proper time resolution. This gain is offset by the lower tofaieficy for observing
these decays due to the lower total acceptance, lower average ppttige. A first step toward
observingB? — DIKF ¥ is to observe the C®® — DTK-mtm andB~ — DK~ i
decays.

The selection criteria on thB*° meson are similar to those described above. Kher* i
that accompanies tH2 meson is reconstructed with similar selections toBhmeson, except the



B(s) — D(s)h(h)(h) Decaysin LHCb Steven R. Blusk

invariant mass window extends from 0.8-3 GeX// A more detailed description of the selection
criteria are given in Ref. [22]. The branching fractions are normalipethe corresponding CF
B — Dt andB~ — DOrr it ir decays [23]. LikeB? — DPK*0, we take advantage of
the similar final states and allow for both TOS and TIS events to increase Hezveld yields.
The invariant mass spectra f8? — DK~ " andB~ — DK~ rr* 71~ are shown in Fig. 4 (top
plots), along with the normalization modes (bottom).
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Figure 4: Invariant mass distributions for the signal mgd@,ﬂ DYK~—mtm (top left) andB™ —
DOK— 7t r (top right), and for the normalization modeB® — Dt (bottom left) andB~ —
DOK ~ 7t i (bottom right), using 35 pbt of data.

We observe 7914 and 122-18B° — D*K~ " m~ andB~ — DK~ 7rr* it~ decays in the sig-
nal modes, respectively, with corresponding yields of 168% and 2062-61B° — D+t
andB~ — D% mrtir in the normalization modes. These CS decays are first observations and
have corresponding statistical significances of 6.6 and 8.0 over thgtwacid-only hypothesis.
The ratio of efficiencies between the signal and normalization mode aretolaséy, as expected.
The measured ratios of branching fractions are found to be:

+
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6. Summary

In summary, we have presented three sets of measuremeBts-ifDh(h)(h) decays made
using 35 pb* of data from LHCb. Large yields iB~ — D°h~ have also been observed (not shown
here), which show great promise for time-independent measuremepisitie observations and
measurements of these decays at LHCb provide confidence that wa &eck to carry out the
program ofy measurements with larger data samples.
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