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1. Introduction

One of the most sensitive ways of detecting the presence of
heretofore unseen particles or forces is through the observation
of effects they may have on CP-violating decays of neutral B
mesons [1]. Measurements of CP violation through the interfer-
ence of B? mixing and decay amplitudes are particularly sensitive
because the Standard Model (SM) prediction of the CP-violating
phase is very small and accurate in quark level b — ccs transitions,
with ¢p3M = —2 arg(—%) = —36.3‘2:2 mrad, ignoring sublead-
ing corrections from Pengﬁ]in amplitudes [2]. Initial measurements
of ¢s at the Tevatron indicated possible large values inconsistent
with the SM expectation [3], while LHCb measurements using both

) )
BY — J/¥¢ and B — J/ymwTm~ decays from 1 fb~! of inte-
grated luminosity were consistent with the SM value [4,5], as were
more recent results from CDF [6], and ATLAS [7].

In this Letter, we present a new measurement of ¢ in (B)? —
J/¥ymTw~ decays using data taken from an integrated luminos-
ity of 3 fb~!, obtained from pp collisions at the LHC. One-third of
the data was collected at a centre-of-mass energy of 7 TeV, and
the remainder at 8 TeV. In the previous study we used the re-
sult of our amplitude analysis [8], which showed that the CP-odd
component of the decay was larger than 97.7% at 95% confidence
level (CL). Here we perform a more sophisticated amplitude anal-
ysis [9], which uses an additional angular variable, and thereby
directly determines the CP-odd and CP-even components. Previ-
ously it was found that five interfering w+7~ states required to
describe the decay are: f,(980), fo(1500), fo(1790), f,(1270), and
f4(1525) [10]. In the same analysis, an alternative model includ-
ing these states and a nonresonant J/ym ™7~ component was
also found to provide a good description of the data; the limit
on the CP-even component is unchanged. The J/v fp(980) final
state was suggested as being a useful final state for measuring
¢s as it is a CP-eigenstate [11] and inspired these studies. Sub-

http://dx.doi.org/10.1016/j.physletb.2014.06.079

sequently, it was suggested that the fy(980) resonance might be
formed of tetraquarks [12], and could then provide an additional
SM contribution to ¢ beyond that originally expected. Studies of
Bo — J/wm T~ decays [13] indicate that the light scalar mesons
are familiar qq states [14], so this concern has been ameliorated.

The method used here allows the measurement of the CP-vio-
lating phase ¢;, without any assumption on the CP content, by
measuring simultaneously the CP-even and CP-odd decay ampli-
tudes and ¢s.

2. Decay rates for B — J/yh*h~

The time dependent formalism for decays of neutral B mesons
to a J/¥ meson, that subsequently decays into a u* ™ pair, and
two pseudo-scalar particles h*h~ is derived in Ref. [9]. The differ-

=)
ential decay rates for B? — J/whTh~, allowing for possible direct
CP violation, can be written in terms of the decay time ¢, and the
decay amplitudes A and A as [15]
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where Als =17 — I'y is the decay width difference between the
light and the heavy mass eigenstates, Ams =my — my is the mass
difference, I's = (I + I'y)/2 is the average width, and N is a
constant. The complex parameters g and p are used to relate the
mixing between the mass and flavour eigenstates. The decay am-
plitudes are defined as A=Ay and A= 1Ay, where Ay (Ay) is

the total amplitude of B? (B?) — J/¥h*h~ decays at time t = 0.

The total amplitude Ay (Ay) is taken to be the sum over indi-
vidual 7+~ resonant transversity amplitudes [16], and possibly
one nonresonant amplitude, labelled as A; (A;). By introducing
the parameter A; = %ﬁ—:, relating CP violation in the interference
between mixing and decay associated with the state i, the am-

plitudes A and A can be further expressed as the sums of the

individual (B)E amplitudes, A=Y"A; and A=Y AA;.

For J/v decays to uw™u~ final states, these amplitudes are
themselves functions of four variables: the 7 "7~ invariant mass
mpy =m(x T 7), and the three angles £2, defined in the helicity
basis. These consist of the angle between the u* direction in the

J/¢ rest frame with respect to the J/y direction in the (B)? rest
frame 6;,y, the angle between the h™ direction in the h*h™ rest
frame with respect to the h™h~ direction in the B? rest frame 6Oy,
and the angle between the J/v and h™h~ decay planes in the EE
rest frame x [4,9].

Assuming that any possible CP violation in the decay is the
same for all amplitudes, A = n;A; is common for all amplitudes,
where 7; is the CP eigenvalue of the transversity state i. The
CP-violating phase ¢ is defined by ¢s = —arg(}) [4], and appears

in the term containing A*A. The explicit forms of |.:4)(mhh, 2)|?
and A*(mpp, §2)A(mpn, §2) in Egs. (1) and (2) as functions of mpy
and 2 are given in Ref. [9].

The factor |p/q|® is related to the flavour-specific CP-violating
asymmetry @i as

- Ip/al*> — lqa/pI?
S

= " ~|p/qP 1. 3)
'~ 1p/ql> +1q/p|?

LHCb measured a3 = (—0.06 4 0.50 % 0.36)% [17], corresponding

to |p/q|*> = 0.9994 + 0.0062. Thus, we take |p/q|?> =1 for what
follows.

3. The LHCb detector and event selection

The LHCb detector [18] is a single-arm forward spectrometer
covering the pseudorapidity range 2 < n < 5, designed for the
study of particles containing b or ¢ quarks. The detector includes
a high-precision tracking system consisting of a silicon-strip ver-
tex detector surrounding the pp interaction region, a large-area
silicon-strip detector located upstream of a dipole magnet with a
bending power of about 4 Tm, and three stations of silicon-strip
detectors and straw drift tubes placed downstream. The combined
tracking system provides a momentum measurement' with rela-
tive uncertainty that varies from 0.4% at 5 GeV to 0.6% at 100 GeV,
and impact parameter resolution of 20 pm for tracks with large
transverse momentum (p7). Different types of charged hadrons
are distinguished by information from two ring-imaging Cherenkov
detectors. Photon, electron and hadron candidates are identified by
a calorimeter system consisting of scintillating-pad and preshower
detectors, an electromagnetic calorimeter and a hadronic calorime-
ter. The trigger consists of a hardware stage, based on information
from the calorimeter and muon systems, followed by a software
stage, which applies a full event reconstruction. Events selected

T We use units where h=c=1.
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Fig. 1. Invariant mass of J/y 7w+t~ combinations. The data are fitted with double
Crystal Ball signal functions and several background functions. The (red) solid line

shows the (E? signal, the (brown) dotted line shows the exponential combinatorial
background, the (green) short-dashed line shows the BT background, the (magenta)
dot-dashed line shows the (l?o signal, the (light blue) dashed line is the sum of
(l?? — J/un, (l?? — J/¥¢. ¢ - nta 7 backgrounds, and the A] — J/¥K~p
plus A_g — J/¥ K™ p reflections, the (black) dot-dashed line is the (l}b — J/YKFr*

reflection and the (blue) solid line is the total. (The reader is referred to the web
version of this article to see the figure in color.)

for this analysis are triggered by a J/v — ™~ decay, where the
J /v is required at the software level to be consistent with coming
from the decay of a b hadron by use of either impact parameter re-
quirements on the muons or detachment of the reconstructed ]/
decay position from the associated primary vertex.

A (3)2 — J/¥wt7~ candidate is reconstructed by combining
a J/¥ — uTu~ candidate with two pions of opposite charge.
The like-sign combinations J/ymw®mw* are also reconstructed
for background studies. Events are selected using a multivariate
method that optimizes the ratio of signal squared to background
events. The event selection is described in detail in the time-
integrated amplitude analysis [10]. The invariant mass distribution
of J/y¥m T~ combinations satisfying the event selection is shown
in Fig. 1. Only the candidates within 20 MeV of the B? mass peak
are retained for the ¢s measurement; there are 27 100 + 200 sig-
nal events with a purity of 79.6%. The integrated distributions of
the four variables discussed above are shown in Fig. 2.

Samples of simulated events are used to characterize signal
and backgrounds. In the simulation, pp collisions are generated
using PYTHIA [19] with a specific LHCb configuration [20]. De-
cays of hadronic particles are described by EVTGEN [21], in which
final state radiation is generated using PHOTOs [22]. The interac-
tion of the generated particles with the detector and its response
are implemented using the GEANT4 toolkit [23], as described in
Ref. [24].

4. Likelihood construction

We perform an unbinned maximum likelihood fit to the
J/¥ata~ invariant mass m, the decay time t, myy, and the three
helicity angles §2, along with information on the initial flavour of
the decaying hadron, i.e. whether it was produced as a B? or a
EE meson. The probability density function (PDF) used in the fit
consists of signal and background components that include detec-
tor resolution and acceptance effects. The PDFs are factorized into
separate components for the E? mass and for the remaining ob-
servables.

(=)
The signal BE mass distribution is described by a double Crys-
tal Ball function [25]. The background consists of a combinatorial
component whose mass distribution is modelled by an exponen-
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Fig. 2. Projections of (a) m(w+m ™), (b) cosbry, (C) cosfj,y and (d) x [10]. The points with error bars are data, the signal fits are shown with (red) dashed lines, the
background with a (black) dotted lines, and the (blue) solid lines represent the total fits. The difference between the data and the fits divided by the uncertainty on the data
is shown below. (The reader is referred to the web version of this article to see the figure in color.)

(=)
tial function, a 2.3% contribution from the sum of BY — J/yn’ and
)
BY — J/v¢, with ¢ — 7+~ 70, and 2.0% from BT — J/y KT +

(=)
J/¥mT decays, both of which produce tails in the B? signal re-
gion. The latter two background mass shapes are obtained from
simulation. The parameters of the signal and the combinatorial

)
background are obtained from a fit to the BY mass distribution
in an extended region (see Fig. 1) and are subsequently fixed for
use in the ¢ fit.

As can be seen from Egs. (1) and (2), knowledge of the (B)g
flavour at production greatly enhances the sensitivity. The process
of determining the initial flavour is called “tagging”. We use both
opposite-side [26] and same-side tagging information [4,27]. The
opposite-side (OS) tag identifies the flavour of another b hadron
in the event using information from the charges of leptons and
kaons from its decay, or the charge of another detached vertex.
The same-side kaon (SSK) tagger utilizes the hadronization pro-
cess, where the fragmentation of a b (b quark into E? (B?) meson
can lead to an extra s (5) quark being available to form a hadron,
often leading to a K~ (K*) meson. This kaon is correlated to

the signal (B)E in phase space, and the sign of its charge identi-
fies the initial flavour [27]. A wrong-tag probability 7 is estimated
event-by-event, based on the output of a neural network trained
on simulations. It is calibrated with data using flavour-specific de-
cay modes in order to predict the true wrong-tag probability of

- )
the event (a))(n) for an initial flavour BE meson, which has a lin-
ear dependence on 7). The calibration is performed separately for

the OS and the SSK taggers. Several modes are used for OS tag-
&)
ging including BT — J/¢¥K¥, B¥ — DOz¥, and fitting the os-
) () ) _
cillations in B® — J/yK*® and B® — D**u¥1 decays. SSK tags

are calibrated by fitting the oscillations in (B)? — D}n* decays.
When events are tagged by both the OS and the SSK algorithms,
a combined tag decision and wrong-tag probability are given by
the algorithm defined in Ref. [26] and extended to include SSK
tags. This combined algorithm is implemented in the overall fit.
The overall effective tagging power obtained is characterized by
etagD2 = (3.89£0.25)%, where D = (1—2wayg) is the dilution, wayg
is the average wrong-tag probability, and sy = (68.68 £ 0.33)% is
the signal tagging efficiency. The overall tagging power is improved
by about 60% with respect to the previous analysis [5] mainly due
to the inclusion of the SSK tagger, which has an tagging power
about 40% better than that described in Ref. [4], due to the use of
a neural-network based selection. In addition, the OS algorithms
discussed in Ref. [26] have been re-optimized using the full avail-
able dataset.
The theoretical signal function including flavour tagging is

R(E, mppy, 2, qIn) =

T a1t = 200)]1 G, 2)

+[1=q(1 =200m)] I E mwm, )], (4)
A -

where t is the true decay time, and I" is defined in Eqs. (1) and (2).

The flavour tag q takes values of —1, 1, 0, if the signal meson is

tagged as BY, BY, or untagged, respectively.
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Fig. 3. Estimated fractions of mistag probabilities from (a) the SSK tagger, 5K, and (b) the OS tagger, 1°5.

The signal function is further modified to take into account the
decay time resolution and the acceptance effects on all the fit vari-
ables

FS8(t, mpy, 2,411, 8¢)
= R(&, mpn, 2, qIn) @ T(t —t16¢) - E(b) - €(Mpp, £2), (5)

where &(myy, £2) is the efficiency as a function of 77~ mass
and angles, obtained from the simulation as described in Ref. [10],
T(t — £|8) is the decay time resolution function which depends
upon the estimated decay time error for each event §;, and & (t)
is the decay time acceptance function. The latter two are discussed
in Section 5.

The distribution of the background decay time, ¥~ mass
and angles can be factorized into components for the decay time
and the remaining variables. The background decay time distribu-
tion, F? kg(t\St) is a double exponential function convolved with the
decay time resolution function, taken to be the same as that of the
signal, and multiplied by the background decay time acceptance
function. The parameters of the double exponential function and
the acceptance function are obtained from the sum of J/ym T+
and J/y¥m~m~ combinations in the same mass signal window as
the J/ym+ 7. The distribution of the background for the 7+7~
mass and angles is described by the function B*8(my, £2), dis-
cussed in Ref. [10], by summing all the backgrounds components.

The events are divided into four tagging categories: tagged by
both OS and SSK, by OS only, by SSK only, and untagged. Each
category i is described by the PDF

Pi(m, t, mpy, 2,1, 4, 6)
- fl;kg)

i
vaig

PS8 (1) FSi8 (¢, myp, 2, ql7, 5t)p§ig(5t)P;i§(77)

t

fti)l bk bk bk bk
+ £ P B (m) B (mpp, 2)F " (t180) Py, (80 Py ¢

bkg

(m. (6)

where fékg is the background fraction, which is fixed to the value

obtained from the (B)? mass fit for each category. The normalization
factors N/! are calculated for each event by integrating over the
decay time ¢, the dihadron invariant mass mpy, and the angles £2.

We include the PDFs for the estimated per-candidate decay

time error §; and the wrong-tag probability 1. The P;Zg(&) and

Pg“g(a,) functions are signal and background PDFs of §;. The &
background PDF is obtained from the distribution of the like-sign
events and the §; signal PDF is obtained from the distribution of

)
the BE candidates after background subtraction. The signal peaks

at about 26 fs and the background at 29 fs. The mistagging PDF is
different in each of the tagging categories: it is a product of two
one-dimensional PDFs of 5% and 705 if both are tagged, a one-
dimensional PDF of the corresponding tagger if only single tagged,
and a uniform PDF if untagged. The two one-dimensional distri-
butions of 7%k and 79 are shown in Fig. 3 for both signal and
background.

5. Decay time resolution and acceptance

The decay time resolution function T (¢t —&; 8t) is described by a
sum of three Gaussian functions with a common mean, and widths
given by three scale factors, each being multiplied by o; = §; +0[0.
where §; is the estimated per-event decay time error and 0[0 is a
constant parameter. Studies on simulated data show that prompt
J/¥ata~ combinations have nearly identical resolution to signal
events. Consequently, we determine the parameters of the reso-
lution model from a fit to the decay time distribution of such
prompt combinations in the data, where the contribution of can-
didates unlikely to originate from ]/ events are subtracted using
sidebands of the p* ™ invariant mass distribution away from the
J/¥ mass peak. Specifically, the time resolution is determined
using prompt J/v, triggered specially for calibration purposes,
plus two oppositely charged tracks from the primary vertex with
similar selection criteria as for J/wm*mw~. We require that the
J/¥mtm~ mass be within +20 MeV of the B? mass, and we do
not require the tracks to be detached. Taking into account the §;

distribution of the (B)Q signal, the effective resolution is found to be
40.3 fs by using the weighted average widths of the three Gaus-
sians.

The decay time distribution is influenced by acceptance effects
that are introduced by track reconstruction, trigger and event se-
lection. The decay time acceptance is obtained using control sam-
ples of Bg — J/wK**(— K~nt) and B® — J/yK*O(— K*tm™)
decays, and then corrected by the acceptance ratio between E?
and Bg decays derived from the simulation.

The same selection as for signal events is implemented for

the <B)0 candidates except for the kaon identification requirement.
The K¥m* pair mass is restricted within £100 MeV of the nom-
inal K*0 mass [28]. The candidates within 425 MeV of the Bg
mass peak are used to measure the decay time acceptance. There
are 399200 =+ 800 signal events with a purity of 98.5%. The de-
cay time distribution is shown in Fig. 4(a). These data are fit-
ted with an exponential function convolved with the time reso-
lution function, and then multiplied by the acceptance function,

% x (14 Bt + pot?), where a, n, tg, 8, and B, are pa-

rameters determined by the fit. The By lifetime is constrained to
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E(t;a,n,to, B, B2, P1, P2), Where the parameter values and corre-
lations are given in Table 1.

6. Results

The CP phase ¢ is determined from the fit that uses the am-
plitude model with five final state 7+~ resonances. Several of
the model parameters have Gaussian constraints applied in the fit.
They are the measured values of Amg = 17.768 & 0.024 ps~! [29],
Iy = 0.663 + 0.005 £ 0.006 ps—! and ATy = 0.100 + 0.016 +
0.003 ps~! [4], the tagging parameters, the mass and width of the
fo(1790) [30], the f7(1525) fit fractions, and the scale factors in
the decay time resolution function, multiplied by (1.00 £ 0.05) to
take into account the systematic uncertainty on the decay time
resolution estimate [5]. Apart from ¢s and ||, the other free pa-
rameters are the amplitudes and phases of the w+7~ states. The
fit procedure is checked using pseudoexperiments with the same
size as data. The fit reproduces the input ¢ values with negligible
bias.

For our first fit we do not allow direct CP violation and there-
fore fix |A| to 1. The fit determines ¢s = 75 + 67 4+ 8 mrad. When
two uncertainties are quoted, the first is statistical and the sec-
ond the systematic. The systematic uncertainty is discussed in

Table 1
Acceptance function parameter values and their correlations.
Parameter correlations Values
n a B B2 to p1 p2
n 1.00 0.44 0.57 —0.54 —0.86 0.00 0.00 2.082+0.036
a 0.44 1.00 0.74 —0.74 —0.05 0.00 0.00 1.98140.024 ps~!
B 0.57 0.74 1.00 —0.90 —0.37 0.00 0.00 0.077+0.009 ps~!
B2 —0.54 —0.74 —0.90 1.00 0.34 0.00 0.00 —0.008+0.001 ps—2
to —0.86 —0.05 —0.37 0.34 1.00 0.00 0.00 0.104 £ 0.003 ps
p1 0.00 0.00 0.00 0.00 0.00 1.00 —0.89 2.290+1.761 ps~!
P2 0.00 0.00 0.00 0.00 0.00 —0.89 1.00 —0.12440.110
. 2 1600 T T T T 5
Tgo = 1.519+0.007 ps [28]. The signal acceptance parameters and e E LHCb E
their correlations are given in Table 1. There is a large efficiency o 1400 —
) g o 3
drop below 1 ps due to detachment requirements on the B? and g 1200 |~ =
its decay products in the selection. S 1000 E =
) £ E ]
Fig. 4(b) shows the acceptance ratio between B? — J/yata~ £ 800F -
-) - 5 E E
and B? — J/¢K*® decays from the simulation. The distribution © 600 F —
is almost flat. The ratio is well described by the function R(1 — 400 EL =
p2e~P1t) with parameters R, p; and p» determined by the fit. Pa- E: 3
rameter R is a normalization constant. 200 ] =
We use the product of the acceptance determined from OF L + + 55
) ) ; E
B% — J/yK* decays and the correction ratio found from simu- .t urL—u“r"JLnHIum"-"‘-"ILu ] 0
lation as the decay time acceptance function for B?, denoted as 0 3 7} ¢ 5 15

Decay time [ps]

Fig. 5. Decay time distribution of (B)? — J/¥w T~ candidates. The signal PDF is
shown with a (red) dashed line, the background with a (black) dotted line, and the
(blue) solid line represents the total. (The reader is referred to the web version of
this article to see the figure in color.)

Section 7. Fig. 5 shows the decay time distribution superimposed
with the fit projection. Projections for mp, and £2 are shown in
Fig. 2. Fit fractions of the contributing resonances are consistent
with the results from the amplitude analysis [10]. We also per-
form the fit with |A| treated as a free parameter. The fit determines
¢s =70+68 =8 mrad and |1| =0.89+0.05+0.01, consistent with
no direct CP violation (|A| = 1), under the assumption that direct
CP violation is equal for all of the intermediate 7+~ states. (The
correlation between ¢ and |A| is about 1%.)

Since the J/ym T~ final state is known to be >97.7% CP-odd
at 95% CL [10], we check our result by implementing a simplified
fit without using the information of my, and 2. Here the CP-odd
fraction is assumed to be 100%, thus angular information is not
needed to separate CP-odd and possible CP-even components. This
fit was used in the previous ¢s measurement using J/y w7~ de-
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Table 2

Systematic uncertainties. The total is the sum in quadrature of each entry.
Sources ¢s (mrad) A
Decay time acceptance +0.6 +0.0008
Mass acceptance +0.3 +0.0003
Background time PDF +0.2 +0.0011
Background mass distribution PDF +0.6 +0.0016
Resonance model +6.0 +0.0100
Resonance parameters +0.7 +0.0007
Other fixed parameters +0.4 +0.0009
Production asymmetry +5.8 +0.0017
Total +8.4 +0.010

cays [5]. Compared to the fit discussed above, the simplified fit
gives a ¢, value differing by 20 mrad and a statistical uncertainty
of +£69 mrad. The small difference between the two fits is consis-
tent with a study using pseudoexperiments, where the distribution
of the difference between the two fits is a Gaussian with a mean
of zero and a width of 20 mrad.

7. Systematic uncertainties

The systematic uncertainties on ¢s and |A|, evaluated using the
fit allowing direct CP-violation, are summarized in Table 2. They
are small compared to the statistical uncertainty. Since Gaussian
constraints are applied in the fit, no additional uncertainty is intro-
duced by the input parameters Ams, I's, AT, or those associated
with flavour tagging and time resolution.

To evaluate the uncertainties due to the fixed parameters in the
decay time acceptance, background decay time PDF, m(zx+ 7 ~) and
m(J/ym*) (mass) acceptance and background mass PDF, the data
fit is repeated by varying the fixed parameters from their nominal
values according to the error matrix 200 times for each source. The
matrix elements are determined using simulation, J/¢K* data,
and like-sign dipion data. The r.m.s.of the fitted ¢ value is taken
as the uncertainty for each source.

Including different resonances could change the CP-even frac-
tion in the decay, and thus the ¢ result. In Ref. [10] two accept-
able solutions were found for the contributing components. For our
main result we use the one with five resonant components. The
other solution adds a 5.9% nonresonant component. Evaluating ¢
for the second solution gives a small difference of 3 mrad. Adding
a p(770) component causes the largest change for ¢s and A and is
taken as the systematic uncertainty, even though vector particles
must conserve the zero isospin of the dipion system, which for-
bids the decay into p(770). The resonance masses and widths of
f2(1270) and f;(1525) are fixed in the fit.

To evaluate the uncertainty due to the fixed masses and widths,
the fit is repeated by changing each parameter within one stan-
dard deviation of its error, and the larger shift in the fitted values
is taken as the systematic uncertainty. Similarly, the uncertain-
ties due to other fixed parameters, such as background fractions

and those used in (B) mass PDFs, are also determined. We take the
background decay time distribution to be independent of myy,. This
assumption is tested by repeating the fit with different background
decay time PDFs for the low mp, and high my, regions, found from
the like-sign dipion events in the same mass regions. The effects
on ¢ and |A| are found to be negligible.

The production ratio of BY to BY is estimated to be Rp =
(1.00+0.05) [31]. To include this effect, the BY decay rate, I", used
in Eq. (4) is multiplied by Rp. The uncertainty due to this source
is estimated by varying Rp within its error. The uncertainties are
added in quadrature to give the total.

8. Conclusions

We have presented a time-dependent flavour-tagged analysis of

the (B)E — J/¥mta~ decay using angular distributions and the
7t~ mass dependence to determine the CP content of the final
state components. We measure the mixing induced CP-violating
phase ¢s. Assuming the absence of direct CP violation, we find

¢s =75+ 67 + 8 mrad.

For the case where direct CP is allowed, we find

¢s =70+ 68 8 mrad, and [A]|=0.89+0.05=£0.01.

This result supersedes and is more precise than our previous mea-

surement in this decay mode of ¢s = —19ﬂ;if§ mrad based on a

1 fb~! data sample [5]. Physics beyond the Standard Model is not
established by our measurements.
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