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1. The LHCb experiment: a flavour physics detector

The LHCb experiment at the CERN Large Hadron Collider (LHC) in Ger{&waitzerland)
is a single arm spectrometer designed for research in the heavy flaaaiar ef particle physics,
aiming at studying processes involvilhgor ¢ quarks. The LHC collisions produce all types of
B-hadrons B*, B?, BY, BE, b-baryons). The LHCb detectd]][1] is very well suited for the study of
heavy flavoured hadronic decays, thanks to its efficient vertex lgdalGH particle identification
subdetectors and hadronic triggBrdecays to open charme. of the typeB — DX, are important
components of the LHCb physics program, as they can be used to makasepneasurement of
the CKM angley using tree-level decays, and also to check the CKM mechanism congiffinc

This document presents new preliminary measurements performed by LHICBGL1 data
at 7 TeV center-of-mass energy on three particular channeBs d#cays to open charm purely
hadronic final states.

2. BY — DK*0

The B® — DK*? channel is sensitive to the CKM weak phase as it occurs through the
interference ob — uandb — c diagrams. Both diagrams are colour suppressed, which enhances
the interference and the sensitivityyoFurthermore, this channel is self-tagging, as the flavour of
the B meson at the time of its decay can be known by the charge df tbeming from thek*C.
Three different methods exist for the extractiorypflepending on the decay mode of theneson:
the GLW method [[3[]4] foD — K*K~, the ADS method[|5]]6] foD — K~ " and the GGSZ
method [}] for multi-bodyD decays.

This analysis[[8] is based on a 1fbdata sample collected by LHCb in 2011. Themodes
in study are the singly Cabibbo suppres&d+ K*K~ and the Cabibbo favoureld — K.

It uses a cut based selection on kinematics, vertex fit quality and particlgfickgtion variables
(DLLk_ 7). Background from charmles®decays and contibutions froBf — D(*S)h+ decays are
removed, while other backgrounds are modeled in the fit t@timyariant mass.

The fit to the invariant mass for both — K*K~ andD — K*m~ is shown in Fig[JL; the
number of events reconstructed for the signal components are listedl@[dlaBhe two plots on
the top correspond to the favourBd— K+, where nadCP asymmetry is expected between the
number of events reconstructedﬁ(l)s(left) andB? (right). This asymmetry is measuretb be

=0 70 %
F(B" = Dy-mK™) — rel— D+ 1K 0)
(B = Dy K®) +T (B = D 1K)

A = = —0.0840.08+0.01 (2.1)
where the first uncertainty is statistical and the second systematic. The pltits bottom corre-
spond toD — K+K~: they show the first observation of82 — DK*° decay in this mode with a
5.1 o significance B® andB’ combined). The corresponding asymmetry is measured to be

~ T(B° = DK% (B = Dy 1K)

A K = =—047722440.02 (2.2)
T (@ = Dok K) 4T (B9 Dy K*) 025

Linclusion of charge conjugate modes is implied throughout this docunméess specified otherwise.
2These are preliminary results.
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Figure 1: Invariant mass distributions di?i[Kf,#]K*o (top lef, D[K+,T]K*° (top right), D[K+K7]K*O (bottom
left) andD[KﬂﬂK*O (bottom righ) candidates. TheK® distribution corresponds @’ andBY decays, the

DK*C distribution toB® andﬁg decays. The black line represents the result of the fit, thie giey area is
the combinatorial background component, the medium gréheisross-feed frordp® decays and the light
grey area is the background component fiohiK* partially reconstructed decays.
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Mode | NGB°) | NEBY) | NBY) | N(BY)
B - D(K*m)K*® | 94+11 | 10812 | - -
B = D(KTKT)K® | 7+4 | 2072 | 247¢ | 2272

Table 1: Number of signaB events from the fit to the invariant mass for 82— DK*° decays candidates.

The ratio of partial widths between the GLW mode and the favoured mode is asunee, as
well as theCP asymmetry of thds decay to the same final state,

F(EO — D[K+K—]K*O) + F(BO — D[K+K—]K*O)
F(EO — D[Kfrﬁ]K*O) + F(BO — D[K*n‘]K*O)

&K = =1425314+0.07, (2.3)

—0 —x0
I(Bs — Dic+k-1K*®) =T (B2 — D+ -1K

KK _ ( —s KK )~ (B = Dk L*O) —0.04+0.17+0.01 (2.4)

rBs— D[K+K—]K*O) + F(Bg’ — D[K+K7]K

TheBs CP asymmetry is zero as expected.

0 =0 + _
3. B(S) — D"KTK
TheB‘(Js) L DKK- decays, which can occur vid/g-exchange diagram or a color-suppressed

tree diagram, have never been previously observed. This andlysisafgid on 575 pt of the
2011 LHCDb data set, presents a measurement of their branching frastioalised to the favoured
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Figure 2: Fits to theB invariant mass distributions f@°rr - (left) andD’K+K~ (right).
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Figure 3: Dalitz plot distributions forB® — Dt (left), showing contributions fronp®(770) and
f,(1270) (upper diagonal edge) and frob,~ (2460) (horizontal band), an8° — DK+K- (right), where
a possible contribution frord%, (2573 and an enhancement of events at KWK ~ invariant mass (upper

diagonal edge) are visible.
N(B® — D) | N(B® — D°K*K™) | N(BY — DK ¥K")
8060+150 |  558+49 | = 104+29

Table 2: Number of signaB events from the fit to the invariant mass for $@§) — D’K*+K~ mode.

B® — D't 11, The selection is optimised using a neural network. Contributions Bémdecays
are vetoed, while charmless peaking background is subtracted to the ifithesl y

The result of the unbinned likelihood fit to ti&invariant mass is shown in Fi. 2; the fitted
signal yields are shown in Tabf¢ 2. The first observation ofBhe- DK*K~ mode at 58 o
significance and evidence of tigd — D°K*K~ mode at B o significance are presented. The
measurement of the branching fraction for both decays is performed,

B(B® — D°KHK")
2(B° — DOmr )

= 0.056+0.011-+0.007, (3.1)

B(BY — D°KHK™)

e ):o.goio.zmo.zo, (3.2)
Z(B% — D’KTK~

where the first uncertainty is statistical and the second systematic. Usingathe wuf
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Figure 4: Invariant mass distributions for decays of the tﬁi’e—> DD

B(B° — ﬁoiﬁrr), the absolute branching fraction for tB& mode is computed,

B(B° —D°KTK™) = (4.74£0.9+0.6+£0.5) x 1075, (3.3)
where the third uncertainty arises from the knowledgeA(B° — Dt m).

Fig. 3 shows the Dalitz plots of these decays, where substructures saemas discussed in
the figure caption.

4. B) - DD

Decays of the typég — DD' are a rich laboratory for measurements in the CKM sector.
Sensitivity to the CKM angle/ can be achieved fror8® — D*D- andﬁg — DJDg assuming
U-spin symmetry [[10], as well as to $23) from penguin diagrams or the weak phaggand
ATs/Ts. This analysis[[41] presents four measurements of ratios of branctsntiohs between
BY — DD' andB®+ — DD' decays.

This analysis is based on 1fhdata sample collected by LHCb in 2011. The selection uses
a Boosted Decision Tree optimised for kinematic and PID variables, traingéabrdata, and
additional requirements on the vertex quality and the flight distance are épplie

The distributions of the fit to th8 invariant mass for the different studied decays are shown
in Fig. [; the signal yields and the results for the different branchingfima ratios are avail-
able in Tablg]3. The world most precise measurement up to dzﬁ%—e;f DJDg with respect to

B - DDy is obtained, together with the first observations of?ﬁ% DSD™ mode at 1L o

3These are preliminary results.
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Measuremen Result Numerator Yield| Denominator Yield
P

ZB:2DDs) | 05084 0.026+0.043 | 477.0+232 52619+ 74.3
#(B"—>D*Ds)

A(B2—~D{D")

b0 | 0-048+0.008+0.004 37.7+6.6 29364 +545
=0 _

ZB=D'D7) |1 00+ 0.18+ 0.09 4344+7.1 16184131
#B°-D*D")

B(Be—D'D°)

S5 oo | 0:015+0.004-0.002 17.2+4.9 51820+ 73.9

Table 3: Branching fraction ratios measurement®Bof> DD' decays. The first uncertainty is statistical, the
second systematic. The signal yields involved are also show

significanceBg — DD atlQ7 o andE2 — D°D° at 54 ¢. Their branching fractions are mea-
sured with respect to favoured modes, and an indicati® ef D°D° at 21 o significance is also
seen.

5. Conclusion

The LHCb experiment is performing very well, and a lot of new results leen obtained
with data collected in 2011. New measurements have been reviewed in thimelageoncerning
B decays to purely hadronic final states containing open charm mesorfastimeasurement of
the CP asymmetry in the8® — D(K*K~)K* decay, the first observation of tiB — D°K*+K~
mode and evidence & — 50K+K‘, and finally first observations and the most precise branching
fractions measurements for decays of the tﬁge» DD'. These modes can be used to impove
knowledge of different CKM parameters.

References

[1] The LHCb Collab., A. Alvest al,, J. Instrum.3, (2008) S08005.
[2] M. Kobayashi and T. Maskawa, Prog. Theor. Ph;.(1973) 652-657.
[3] M. Gronau and D. London, Phys. LeB253 (1991) 483-488.
[4] M. Gronau and D. Wyler, Phys. Let8265 (1991) 172-176.
[5] D. Atwood, I. Dunietz and A. Soni, Phys. Rev. Let8, (1997) 3257-3260.
[6] D. Atwood, I. Dunietz and A. Soni, Phys. Réb63, (2001) 036005.
[7] A. Giri, Y. Grossman, A. Soffer and J. Zupan, Phys. 268, (2003) 054018.
[8] The LHCb Collab., LHCh-CONF-2012-024, (2012).
[9] The LHCb Collab., R. Aait al, Phys. Rev. Lett109, (2012) 131801.
[10] R. Fleischer, Eur. Phys. @51, (2007) 849-858.
[11] The LHCb Collab., LHCh-CONF-2012-009, (2012).



