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The LHCDb experiment currently constructed at CERN has been designed to perform precision measurements
on CP asymmetries and to measure rare decays of B mesons. We discuss some selected key measurements to
demonstrate the potential of LHCb to find New Physics beyond the Standard Model.

1. The LHCb Experiment

CP asymmetries and rare decays of B mesons

are sensitive to contributions from New Physics
scenarios introducing flavor changing neutral cur-
rents (FCNC) in the transition of a b quark to a
d or an s quark. In the standard model (SM)
these processes are GIM suppresed, i.e. they oc-
cur only via loop and box diagrams. Taking into
account current experimental constraints physics
beyond the SM may have contributions to the am-
plitudes and phases for many of these processes
of the same or even higher order of magnitude
as the SM contributions [1]. The main goal of
the LHCD experiment is to disentangle these New
Physics contributions by precise measurements of
these phenomena.
The LHCb detector [2] is designed as forward
spectrometer with excellent vertex resolution,
momentum resolution, particle identification and
proper time resolution. The performance has
been studied by Monte Carlo simulations. The re-
sulting proper time resolution is shown in figure 1
for By — Dy (K"K 7~ )nt. The trigger has
a high bandwidth and allows to apply moderate
pe cuts. It also includes exclusive fully hadronic
triggers important to reconstruct e.g. the decay
B, — ®®. The flavor tagging power is ~ 9% for
B and =~ 5% for B, events [3].

2. Mixing and CP asymmetries

B — B mixing is described by the Schrédinger
equation

d ([ |B(1)) i | B(t))

i my ) = 0r-5) (it ) o
where M and I' are the mass and decay matri-
ces. The eigenstates |By(t)) and |Br(t)) have
defined masses My, M}, and decay rates 'y and
I',. Up to corrections of order m3/MZ2, the
mass and decay rate difference are given within
the SM by AM = Mg — My = 2|Mj3| and
AT = AT’y — AT, = 2|I'12|cos¢. Here ¢ de-
notes the phase arg(Mi3/T'12). Measurements of
the CP asymmetry in flavour specific decays allow
to extract AA—IFM tan (. Examples are semileptonic
decays, like By — D p*v,. Their selection in
the LHCb experiment is described in [4].

The decay of a neutral B meson into a final state
fop that is a C'P eigenstate can occur as a direct
decay or by an oscillation of the meson into a B
subsequently decaying into fop. The interference
between the two decay modes to fop may induce
a CP violating asymmetry. Assuming there is no
direct C'P violation in the decay it is given by

— I'(B—fcp)-T(B—fcp)

Aop = I'(B—fcp)+T(B—fcp) (2
_ sin(¢—2w) sin(Amt)
= cosh(£1t)—ny cos(®) cos(AT't) (3)

The phase @ is given by arg(Mi2) and w is the
weak decay phase. Using current experimental
constraints in [1] the mixing parameters are cal-



culated within the SM for the B, system to

AT, = (0.096 £ 0.039)ps~*, 5-= = 0.147 £ 0.060,
AT,
AM,

= (49.7+£9.4)107*, ¢ = 0.0041 4 0.0008.

Contributions to New Physics are expected to af-
fect Mis s, but not I'yo ;. Parametrizing these
contributions as Mis s = Mlsj\f |A] - expi¢NP
results in

AM, = 2| MM - 1A

AT, = 2[5 cos (¢SM + ¢(NF)
AFS _ |]Wig2M| cos(CSSM‘FCéVP)
AM, | MM | 14

A precise measurement of these observables al-
lows a seperation of New Physics contribution
to M. From Acp the phase difference ¢ — 2w
can be determined according to equation 3. The
quantity AA}\} is specially interresting. Con-
trary to AM, or A~v, it can be calculated with-
out hadronic uncertainities[1]. The phase & =
arg Mo stems from the mixing and is given by
(VipV;5)?. w depends on the decay channel. Con-
sider the decay channels By — J/¥® and B; —
®P shown in figure 2. For the former decay
mode the inteference of the transitions b — c¢s
and b — @cs gives a phase (V4V.}%)2. There-
fore ® — 2w is equal to arg[(VipV,%)?/ (Ve V)] =:
—20;. To a very good approximation 23, is equal
to —arg[(VipV;5)?] ~ —arg [V%]2. As seen in fig-
ure 2 the decay Bs — J/¥® is a tree level decay
and therefore not expected to be altered by New
Physics. Contrary the decay By — ®® is a pen-
guin decay. New Physics may contribute there-
fore e.g. by a charged Higgs boson running in the
loop. Within the SM the graph shown in figure 2
is dominant. It yields a phase (V}};V;s)? that can-
cels the contribution from the mixing. Therefore
a vanishing CP asymmetry is expected if contri-
butions from u and ¢ quarks to M5 are neglected,
which is an reasonable assumption.

2.1. By — J/¥® and B, — P

Both decays are of type Bs — V'V, i.e. the final
state is composed of two vector mesons. There-
fore values between 0 and 2 are possible for the
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Figure 1. Propertime resolution for the decay
mode By — D (KTK 7 )nt.
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Figure 2. The dominant feynman graphs con-
tributing to the decays By — J/U® and By —
PP
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Figure 3. Definition of the angle cos © in the
traversity base and the differential decay width
distribution dI'/d cos ©y,..

angular momentum. The C'P eigenvalue of the
final state is given by CP(V1V,) = CP(V;) -
CP(Vz) - (—1)L. Consequently the final state is
a mixture of CP odd and CP even states. To
measure the CP asymmetries of that decay the
fraction of both components contributing to the
final state has to be known. It can be extracted
from the data by an angular analysis. For that
we define the angle Oy, in the traversity base as
shown in figure 3. The differential decay width as

a function of cos Oy, is given by [5]

#F@tr x <|Ao(t)|2 + |A2(t)|2) 3 (1+ cos? Oy,
+ A1 (1)) 2 sin? Oy,
where
Ao2(t)F = 402 (0) (€754 = T sin@, sin Am,t)
|A1(t)|2 = \A1(0)|2 (eFLt + el sin @, sin Amst) .

|Ao(8)]? + | A2(0)]* (|A1(0)]?) are the portions of
the CP even (CP odd) contributions to the final
state at decay time. From the measurement of
dc(f@” the fraction of the CP even and CP odd
contribution to the final state can be estimated
as shown in figure 3.

The selection efficiency and the quality of the
event reconstruction has been studied using
Monte Carlo events generated by the PYTHIA
event generator. The detector response has been
simulated using the GEANT4 program. The an-
nual event yields are estimated based on an in-
tegrated luminosity of 2fb™*. It corresponds to
a nominal year of LHCb data taking at a nom-
inal Iuminosity of 1032cm™2s™! for 107s. The
sensitivity to the mixing parameters can be en-
hanced for b — c¢s transitions by adding the de-
cay modes By, — J/Un,By — J/¥nt, By — 1P
and B; — DgsD,. The advantage of these de-
cay modes is the pure CP eigenstate of the decay,
but they suffer from lower branching fractions and
a more difficult reconstruction of the final state.
The decay mode By — Dgm is used as a con-
trol channels to estimate the By mass difference
and wrong tagging fraction. The results from this
Monte Carlo study are summarized in table 1 for
the mentioned decay modes.

To study the sensitivity to the parameters @
and AT'/T, a fast Monte Carlo simulation has
been performed. As input the signal yield, B/S,
proper time acceptance function and the resolu-
tions taken from the full simulation are used.
The sensitivity to the mixing parameters is sum-
marized in table 2. They demonstrate that the
SM prediction can be tested already with data
from one year of nominal data taking at LHCb
and evidence for contribution from New Physics
might be obtained.




Table 1
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Summary of the annual yields and parameters to describe the reconstruction quality for decay modes
used to extract mixing parameters for the By — B, system. Limits are given at 90%CL.

Decay annual B/S tagging OMp,
yield power [MeV /c?]

B, — J/Ud ~ 131k 0.12 6.6% 14
Bs — J/¥n(yy) ~ 8.5k 2.0 6% 34
By — J/Un(rt 7= 70) ~ 3k < 3.0 10% 20
By — J/Uni(p(ntr)) |~ 4k <047 | 9.2% 14
By — J/Uni(p° (7)) ~ 4k <0.47 9.2% 14
By — et ~ 3k <117 | 9.6% 12
Bs — D Dy ~ 4k < 0.3 6% 6

B, — Dy ~120k | 04 6.9% 14
B, — o9 ~ 3.1k < 0.8 9.7% 12

Table 2

Sensitivity to the mixing parameters of the B, — B, system expected for LHCb obtained from data
corresponding to one year of nominal data taking. The errors given are only statistical errors.

Parameter ‘ Error Channel ‘ Ref. ‘

0.023 rad By — J/Ud 6]
b, — 2w(b — ces) 0.022 rad By — J/¥n, By — 1P [6]

B, — D,D,

0.08 rad By — J/Uny [7]
D, — 2w(b — 53s) 0.1 rad Bs — J/¥¢ 8]
AT/T 0.092 By — J/Ud [6]
A M, 0.007 ps~* By — D7 (DYD n)nt 6]
Wiag 0.36% Bs — D7 (DD~ n 7 )mt [6]

3. Rare decays

Rare decays are a powerful tool to establish
New Physics contributions to these decays. The
most prominent example for this is the decay
B, — ptp~. Inthe SM this decay is mediated by
the diagram shown in figure 4a. The branching
ratio is predicted to (3.4 £0.4) - 107°. Even at
this very low value LHCb expects to observe evi-
dence for this decay on a 3o level after one year of
nominal data taking. An observation on the 5o
level is expected after a few years of data taking
[10]. The measurement of an enhanced branching
ratio compared to the SM prediction would be a

clear sign for New Physics.

Beside the establishment of New Physics rare de-
cays allow to extract valuable information about
the nature of New Physics [9]. In supersymmet-
ric models the above mentioned decay gets addi-
tional contribution from penguin decays as shown
in figure 4b. Due to the strong dependence of
that diagram on tan the measurement of the
branching ratio BR (Bs; — putu™) is sensitive to
this parameter especially for high values.
Another example is the decay B — K*Ou*tpu~.
For this decay a set of observables exists sensitive
to right handed currents. The capability of the
LHCb experiment to measure these observables
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Figure 4. a) Example for SM feynman diagrams
contributing to the rare decay B, — pTp~. b)
Example for a contribution in supersymmetric
models.

Figure 5. Feynman diagram for the transition
b — sl taking place in the decay B, — K~ lI.

has been discussed in [11].

Here we show how sensitivity to non-SM
(pseudo)scalar couplings is obtained by a com-
bination of informations for the decays By —
uwtu=, B, — Ktete™ and B, — Ktutu~, see
figure 5. The observables used are the branching
ratio of the decay of the B, into two muons and
the ratio

fqim ds LB Kutp)
4m?2 ds

(4)

Ry = — ——
Jimg™ ds =g
Due to lepton universality the value for this ratio
is very close to one in the SM [12]. The existence
e.g. by additional non-SM Higgs might enhance
both observables. In [12] minimum flavour vio-
lating models (MFV) are investigated that have

e (pseudo)scalar couplings beyond the SM,
e negligible right handed charged currents,

e minimum flavour violation, i.e. there is no
new CP phase beyond the SM.

For this class of models the following relation be-
tween these two observables is predicted

Rr — 1 x BR(Bs — pp) (5)

LHCb is capable to measure both parameters
and therefore it will be possible to test these
modules using this relation. For the measure-
ment of Ry the selection efficiencies for the de-
cays Bt — KtuTp~ and BT — KTete™ have
been studied in [13]. The resulting BT mass
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Figure 6. BT mass spectra for the decay modes BT — KTy
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*u~ and BT — KTete™. The contribution

coming from different background channels to the measured mass spectrum is also shown.

spectrum for both decay modes is shown in fig-
ure 6. The efficiency of the inclusive di-lepton
trigger of LHCb has been taken into account and
Bremsstrahlungs corrections have been applied to
the electron mode. The background contributions
to the measured spectrum are indicated in the fig-
ure. The annual yield and the resolution for the
reconstructed BT mass for these decays is esti-
mated to

Signal  op+
eeK : 349434 T4MeV
puK : 1550 £50 15MeV

From this result it is estimated, that the param-
eter R, can be measured with an error of ~ 10%
at an integrated luminosity of 2fb~" correspond-
ing to one year of nominal data taking at LHCb.
For an integrated luminosity of 10fb™" the error
reduces to ~ 4 — 6%.

In figure 7 the current experimental situation is
shown in the R, — BR(Bs; — pp) plane together
with the projection for the LHCb experiment us-
ing data of 10fb*.
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