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Summary. — An overview of the latest LHCb’s measurements in the charm physics
sector is presented. This includes searches for rare decays, measurements of direct
and indirect CP-violating observables and precise determination of mixing parame-
ters using “wrong-sign” D° — KT~ decays.

PACS 13.20.Fc — Decays of charmed mesons.

PACS 13.25.Ft — Decays of charmed mesons.

PACS 11.30.Er — Charge conjugation, parity, time reversal, and other discrete
symmetries.

1. — Introduction

Processes involving K and By,) mesons have always been regarded as the most inter-
esting probe of flavor and CP violation. Indeed, within the standard model the largest
flavor- and CP-violating effects reside in systems involving down-type quarks, where
charged-current loops dominated by the heavy top quark communicate the symmetry
violation. However, while these properties hold in the standard model, there is no good
reason for them to be true if new physics is present at the electroweak scale. In par-
ticular, it is quite plausible that new-physics contributions affect mostly the up-type
sector, possibly in association with the mechanism responsible for the large top mass [1].
Hence, decays of D mesons represent a unique probe of new-physics flavor effects, quite
complementary to tests in K and B systems.

Since flavor- and CP-violating processes in the charm sector are much more sup-
pressed than in K and By, sectors, huge and clean samples of D decays are needed to
search for possible new-physics contributions. These can currently be accessed only at
hadron-collider experiments. LHCDb has therefore a broad programme of charm physics,
which includes searches for rare decays, studies of CP violation and mixing, as well as
spectroscopy and measurements of production cross-sections.

In the following an overview of the most recent results is presented.
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2. — Rare decays

The LHCD collaboration has recently published several searches for rare charm de-
cays using the sample of pp collisions, corresponding to 1fb~! of integrated luminosity,
collected during 2011 [2]:

B(DO —utpT) <6.8x1072 at 95% CL,
B(D° — rhx ,ﬁ 7)< 6.7x107" at 95% CL,
B(DT — ntputp™) < 8.3 x 1078 at 95% CL,
B(Df — + 7)< 4.1x1077 at 95% CL.

In all cases the measurements are several orders of magnitude above the standard-model
predictions, but, improving existing limits from the B-factories by about a factor of fifty,
provide more stringent constraint on possible new-physics models [3].

3. — Direct CP violation

Direct CP violation occurs when the magnitudes of a given decay amplitude is different
from the magnitude of the amplitude for the corresponding CP-conjugated decay. The
early evidence for large direct CP violation in singly-Cabibbo-suppressed D° decays
to two charged hadrons [4] has not been confirmed by later results based on the data
sample collected during 2011 [5,6]. Recently, LHCb reported an updated measurement
of the difference between time-integrated CP asymmetries in D — KK~ and D° —

T~ decays, AAcp = Acp (KTK™) — Acp (7T77), using the full Run I data set,
corresponding to 3fb~! of integrated luminosity [7]. In this analysis, neutral D mesons
are reconstructed from a semileptonic b-hadron decay, so that the flavor at production
time can be determined by the charge of the accompanying charged lepton. Together
with AAcp, the analysis also measures the individual CP asymmetries, Acp (KK ™) and
Acp (777m7), by subtracting spurious detector and production asymmetries with control
samples of Cabibbo-favored D decays where CP violation can be neglected. The results,

AAcp = [+0.14 £ 0.16(stat.) £ 0.08(stat.)] %,
Acp(KTK™) = [-0.06 £ 0.15(stat.) £ 0.10(stat.)] %,
Acp(ntn™) = [-0.20 £ 0.19(stat.) £ 0.10(stat.)] %,

further increase the consistency of the available data with the hypothesis of CP symmetry
in two-body charm decays [8], as also shown in fig. 1.

In addition to two-body final states, LHCb also exploits multi-body decays to search
for CP violation. These are particularly interesting as they offer the opportunity to
study effects localized in phase space, providing sensitivity to phenomena that might
be “washed out” in global decay rate asymmetries. LHCb performed searches for local
CP asymmetries in Cabibbo-suppressed three-body Dt — 77~ 7™ [10] and four-body
DY — rfr=rtr~ and D° — K* K~ 77~ decays [11], using the data collected during
2011. Neutral D mesons are here reconstructed using the D** — D7t decay, so that
the production flavor is determined by the charge of the accompanying pion. In all
cases, local CP violation is searched using a model-independent binned method, while
for the DT case also an unbinned technique has been developed, providing consistent
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Fig. 1. — Overview of 68% CL contours from measurements of CP-violating asymmetries in D°
decays to two charged hadrons [5,7,9]. The world average (WA) neglects any effect from indirect
CP violation.

results [10]. The binned method divides the multi-body phase space into n independent
volumes (“bins”) and defines an asymmetry significance for each as

o __Ni(D) -~ aN'(D)
cP — - —
\/Ni(D) + a2N?(D)

where N' is the number of candidates in the bin i and o = >°, N*(D)/ Y, N*(D) is used
to remove any global asymmetry. This procedure makes the search insensitive to global
CP asymmetries, but also to any unwanted production and/or detection asymmetry
that does not vary across the phase space. In absence of local CP violation, Sé’P would
be distributed as a normal distribution. The no-CP-violation hypothesis is tested by
computing a p-value from x? = >, (Sép)2 with n — 1 degrees of freedom. Different
binning schemes are tested and p-values are found to exceed 50%, 40% and 9% in the
Dt gt 7, D° - rtr—ntr~ and D° — K*K~nt7~ cases, respectively.

4. — Mixing and indirect CP violation

Building upon the previous measurement of charm mixing parameters in D* — K+ta+
decays [12], LHCb performed an updated measurement of charm mixing and searched for
time-dependent CP violation using the full data sample consisting of 3fb~! of integrated
luminosity collected during Run I [13]. CP violation in D° — D ? mixing is searched by
comparing the decay-time-dependent ratio of “wrong-sign” D** — D%(— K+7 7)1t to
“right-sign” D** — DY(— K~ 7")r" rates with the corresponding ratio for the charge-
conjugate processes. In the limit of |z|, |y| < 1, and assuming negligible CP violation,
the decay-time dependence of this ratio is approximated by

t 12 12 t 2
R(t)%RD+\/RD y' 7—_+%<—) s

T
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Fig. 2. — Ratios of wrong-sign to right-sign yields for (a) D decays, (b) D° decays, and (c) their
differences as functions of decay time in units of D lifetime. Projections of fits allowing for
(dashed line) no CP violation, (dotted line) no direct CP violation, and (solid line) full CP
violation are overlaid. The abscissa of the data points corresponds to the average decay time
over the bin; the error bars indicate the statistical uncertainties.

where 7 is the average D° lifetime. The parameters 2’ and vy’ depend linearly on
the mixing parameters as 2’ = wcosd + ysind and y' = ycosd — xsind. The pa-
rameter Rp and the strong phase & are related to the decay amplitudes as A(D° —
Ktn7)JA(D® — Ktrn~) = —/Rpe™ . Allowing for CP violation, the rates R*(t)
and R~ (t) of initially produced DY and D mesons are functions of independent
sets of mixing parameters (R5, 2/2%, y'F), where 2'* = |q/p|*' (2’ cos¢ + ¢ sin )
and y'* = |¢/p|t (v cos¢ F 2'sin¢) and ¢ is the relative week phase between ¢/p
and A(D° — K*77)/A(D® — K*n~). Direct CP violation would produce a differ-
ence between RB and Rp,, which can be quantified by the direct CP asymmetry
Ap = (RS —Rp)/(R5+ Rp). Violation of CP symmetry either in mixing (|¢/p| # 1) or
in the interference between mixing and decay amplitudes (¢ # 0) are usually referred to as
indirect CP violation and would result in differences between (z/2*, y'*) and (227, /7).
The measured RS-to-WS ratios as a function of time, shown in fig. 2, are consistent with
CP conservation as no difference between RT(t) and R~ (t) is found. This translates into
the world’s most precise bounds on |¢/p| and Ap from a single experiment:

0.75 < |q/p| < 1.24 at 68.3% CL,  Ap = (—0.7+1.9)%.

Assuming CP conservation, the mixing parameters are measured to be z'? = (5.5 +
4.9) x 1075, ¢/ = (4.8 £ 1.0) x 1073, and Rp = (3.568 + 0.066) x 10~3. The reported
interval and uncertainties include both statistical and systematic components.

Indirect CP violation is also searched by measuring the asymmetry between the effec-
tive lifetimes of D? and D © mesons decaying into CP eigenstates [14], such as D® — hTh~



decays with h = K or 7:
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The sample of neutral D mesons from a D** — D7t decays collected during 2011 is
fit with a multi-dimensional unbinned likelihood to separate the signal from the relevant
backgrounds and determine the value of Ar. The measured values, separately for the
two final states, are consistent with zero and thus with CP symmetry:

Ap(D° — KTK ™) = [~0.35 4 0.62(stat.) & 0.12(stat.)] x 1072,
Ap(D° — 7t 77) = [+0.33 + 1.06(stat.) + 0.14(stat.)] x 1073,

These are the world’s most precise measurement of this quantity to date. No difference
between the two final states is observed, as expected from Standard Model predictions.

5. — Conclusions

Thanks to the world’s largest, high-purity samples of charm decays collected during
Run T in both hadronic and (semi)leptonic final states, LHCb has already shown its
potential to substantially improve the precision on all the key observables of the charm
physics sector in the next years. Major advances will be made in the coming months
since the full Run I data sample has not yet been fully analyzed and additional data will
soon be collected in the forthcoming LHC runs.

REFERENCES

[1] NIR Y. and SEIBERG N., Phys. Lett. B, 309 (1993) 337; LEURER M., NIrR Y.

and SEIBERG N., Nucl. Phys. B, 420 (1994) 468; Giupice G. F., Griraios B. and

SUNDRUM R., JHEP, 08 (2011) 055; Giupick G. F., IsiDORI G. and PARADISI P.,

JHEP, 04 (2012) 060; KEREN-ZUR B. et al., Nucl. Phys. B, 867 (2013) 429; CALIBBI L.,

PARADISI P. and ZIEGLER R., JHEP, 06 (2013) 052.

AAw R. et al., Phys. Lett. B, 724 (2013) 203; 725 (2013) 15; 728 (2014) 234.

BURDMAN G. et al., Phys. Rev. D, 66 (2002) 014009.

AAw R. et al., Phys. Rev. Lett., 108 (2012) 111602.

A R. et al., LHCb-CONF-2013-003.

AAw R. et al., Phys. Lett. B, 723 (2013) 33.

AAwl R. et al., JHEP, 07 (2014) 041.

AMHIS Y. et al., arXiv:1207.1158 and updated results at http://www.slac.stanford.edu/

xorg/hfag/.

[9] AUBERT B. et al., Phys. Rev. Lett., 100 (2008) 061803; AALTONEN T. et al., Phys. Rev.
Lett., 109 (2012) 111801; D1 CaNTO A., Il Nuovo Cimento C, 36 (2013) 26; Ko B., PoS,
ICHEP2012 (2013) 353.

10] AAaw R. et al., Phys. Lett. B, 728 (2014) 585.

11] Aaw R. et al., Phys. Lett. B, 726 (2013) 623.

2] Aaw R. et al., Phys. Rev. Lett., 110 (2013) 101802.

3] Aaw R. et al., Phys. Rev. Lett., 111 (2013) 251801.

4] Aau R. et al., Phys. Rev. Lett., 112 (2014) 041801.

EAENENCEIENEONS)



