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Abstract

We have studied th&? — .J/1¢ channel using a transversity analysis. We show that CMS will be
able to separate the Light and Heavy eigenstate8’odnd to measure their lifetime. Consequently

we expect to measure, indirectly for any value beyond the present experimental lower limit. Fitting
a multiangle distribution we also expect to put an upper limit < 0.15 for AT = 0.2
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1 Introduction

The B? — .J/4¢ channel is one of the gold plated channel for the LHC experiments as it presents several advan-
tages. First of all, through th&/+) decay one can expect to have an excellent trigger either in dimuon or dielectron
production at the first and second level. Secondly, it is a very clean channel due to the three resohigniggs

and the extremely narrog@. On the other hand, the CP violation effect in this channel is expected to be very small

t Acp x sin2® (with @ = 0(0.03) ).

The BY and BY meson are expected to mix (see figure 1) and appear as two mass eigeifatalight and B
heavy (similarly to the<® system). The particle-antiparticle mixing accounts for the mass difference in the neutral
B meson system and this process is a Flavour Changing Neutral Current and related to the CP violation.
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Figure 1: strange B meson oscillation diagram

To a good approximation CP violation can be neglected in determining the masses and the mass eigenstates corre-
spond to the CP eigenstates witty being CP even an8!’ CP odd. To observe experimentally tBeg oscillation

one usually tag thé3, at the production and decay. This method considerably reduces the number of observed
events. In the following we propose to use an untagged distribution. The lifetime difference of the two CP states
has been calculated using heavy quark expansi@‘h = 0.16 £ 0.1 [1] . It updates an explicit calculation [4]

which wrote
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fBU,
AT ~ 0.18W

Lattice calculations give for the light decay constggt = 181 + 36 MeV [2]. It is expected that an accuracy

of 10% on this number could be reached assuming some progress in lattice calculations. The ratio of the mass
splitting to the width difference of strange B meson is predicted to be large . To the lowest order and neglecting
QCD corrections which may be important:

N

[Am] _ lmfmmg/MéV)(l — 8"l = 178.6 £ 83
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where h(x) decreases monotonically from 1 at x=0 to 1/4 at oo. It is about 0.54 form, = 180 GeV/c%. So
we can deduce (neglecting the uncertainty on this ratio):

Am =~ 178.6(Ty — ) = x, =~ 178.655

We thus can access by separating the CP eigenstates and measuring their lifetime. This method should prove
to be efficient for larger; where the lifetime difference is expected to be large. In that sense the LEP/CDF/SLD
combined limit:0m > 12.4ps~! [3] is encouraging. To separate thé state we have used the following method.
The BY meson is spinless, so its decay product polarizatidyrs and¢ which are both vector will be of course
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correlated. We can express the amplitude in the following way [5, 6] :

ABY — J[pg) = 2L ek — A (t)est T /N2 —iAL(t)e), X €5ps/V2

x

where A, is the amplitude for which the linear polarization states of the vector meson are longitudinal to their
directions of motion, whiled|; and A, are transverse to their direction of motion and respectively parallel or
perpendicular to each othet!” represent the polarization vector of the vecfgry. The two CP even decay
amplitude ared, and A while A, is CP odd.

In this specific frame the decay width is defined as

dD(BY — J/v¢)/dt = [Ao|* + |A)|* 4 |AL]?

In the following, one use a frame [5, 6] to define a transverse variable (see figure 2).
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Figure 2: Transversity analysis frame

Inthe.J/+ restframe we definei” as thep direction,; as orthogonaltai’ inthe (K +,K ~) plane withp, (K +) >

0, k=4 A 7,0 as the angle betweeh and ' ("), ® being the angle between tie projection in thei , j
plane and thei’ direction. ) is defined as the angle & * in the ¢ restframe with the helicity axis (the negative
direction of the.J/+ in that frame ).

Finally one obtain the following differential distribution [9, 8] :

d'T'(B? — J/¢)/dt = t2=[2|Ag(0)[2e T =t cos?ih(1 — sin®Ocos?®) + sin®P(|Aj(0)7eTEH(1 —
sin?0sin?®) + |A L (0)]2e Trtsin20) + %|AQ(O)||A||(O)|COS(52 —81)e Tetsin20sin2® +
(%M@ (0)||AL(0)cosdzsin2ipsin20cos® — | A} (0)[|AL(0)|cosdysinepsin20sin®)5 (e Tt — e TLt)5d,,
1)
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whered®, = arg(V,iVer) — arg(Vii V). Atleading order in the Wolfenstein [7] expansion this phase vanishes.
In the unitarity triangle we have&cI)tS = A25 = 0(0.03). Determining the quantity constraints the; angle of

the CKM matrix as siny = - whereR;, = 5 'l‘é““ (Ry = 0.36 £ 0.08).

If we integrate equation (1) ové;r andy we obtain the following equation:

% = %p(t) * (1 + cos®0) + 2m(t) = (1 — cos®0)
wherep(t) = p(0)e~I'tt is CP even anah(t) = m(0)e T is CP odd.

We can observe on figure 3 the respective distribution of the light and heavy states farstheariable for
one year at low luminosity after selection.
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Figure 3: Light and heavy state angular distribution

In [10] we have used a very simple method to separate the two CP states. This was done in the following way:

0.5
( = -({05 d(o€9dtd0089 - 32p( ) + %m(t)
= f 1 + f d(‘t(i)egdt dcost) = 32p(t) + %m(t)

So we finally extract :
p(t) x &+ 8(P— E)andm(t) « & — (P — E)

2 Tools and assumptions

We assume the following value for the branching ratio:



BR(BY — J/¢¢) =1 x 1073

compatible with the CDF value [11] :

B(BY — J/v¢) =093 £0.28 £ 0.10 £ 0.14 x 1073

The CDF experiment also measured the polarization fothe- J/1¢ channel [12] . Their results aiey, /T =

0.56 + 0.21 which correspond t@4,(0)|* + | 4;(0)|> = 0.56 . For this study Pythia 5.7 [13] has been used for the
generation with CTEQZ2L structure function while the tracking simulation was based on a parametrisation of the
momentum resolution and on a Geant [14] description of the secondary vertex resolution.

3 Selection

We impose the following selection to obtain the signal events for the chdithet J/y¢ — pTu~ KK~ : we
require the hadrons to be in the rarige< 2.4 with pPed- > 2 GeV/ec.

The muons are expected to fullfill the Iqw two muon trigger criteria:

pt > 4.5GeV/c 0.0<|n <15
pt > 3.6 GeV/c 1.5 < |n < 2.0
pt > 2.6 GeV/c 20<n <24

The invariant mass of the pair (respectivelyK pair) and all four particles should be reconstructed in the window
Am < 420, of the J/¢ (respectivelyp and BY). The decay time should bg;e > 0.2 ps. A good vertex is
required:xim_w](_ < 5.
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Figure 4: Time resolution for a four tracks secondary vertex reconstruction



The expected four tracks vertex time resolution can be evaluated on figure 4 fBf thecay withpled- > 2
GeV/c and the muons passing the trigger requirement. It shows a very good resolution, stable vith respect to the
time. We also impose a vertex pointing ctda < 0.1 rad, see figure 5.

Figure 5:B% — J/vy¢ — ptu~ KTK~ decay geometry

For an integrated luminosity af0* pb—! we retain aproximately 150000 signal events (we assiB? —
J/¥¢) = 1073 [9]) while the background is kept at abolfte. The dominant background for this channel is
B — J/y(— ptu~) + X. Itis efficiently cut out by the strong requirement that were applied. We see on figure
6 the mass resolution fof/, ¢ and B (the last one with background included), showing an excellent precision.

4 z, measurement

The effect of the selection on the considered variables can be appreciated on figure 7 and 8 showing the efficiency
to be independant absf andt variable within the statistical errors. Figure 9 illustratesitheneasurementin the

range 10 to 50. It shows a good agreement between the generated and the reconstructed value and doesn’t degrade
at highx, allowing a complete coverage of the range allowed by Standard Model and even beyond.

5 Multiangular fit

In order to extract the phag@;, we have been attempting to fit the differential multiangular distribution. We have
produced a number of events corresponding to an integrated luminogif}@f—* i.e. 150000 events with the
expected differential distribution for each variable (eq. 1). A gaussian smearing has been applied on the angular
distribution according to the expected experimental one, see figure 10.

We can see on the next figure (11) the expected distribution for each variable . A loglikelihood fit was then
attempted using Minuit [15] . This was performed for various value of the parameters (in agreement with the
experimental constraints and the theoretical expectations) . The 6 paramgtérs 0®;, 41, 62, AI' of equation

1 were left free. Once convergence occur, all parameter eXdgptwere fixed and a new fit was performed in
order to extractd,;. Table 1 shows the expected errors for the parameters for one year at low luminosity of the
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Figure 6: Mass resolutions f&#? — J/v¢ — utu " KTK~
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Figure 7: Efficiency of the selection
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Figure 8: Efficiency of the selection
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LHC.

54Aq 0A) [ sAr (1) | o(32)
Parameter|| °7¢ T | BT o(0®s) | T5H | 202

AT'=0.1 || 0.4% | 0.6% | 5% 0.056 | 0.2% | 4%
AT'=0.15| 0.4% | 0.6% | 4% 0.05 0.2% | 4%
Al'=0.2 || 0.4% | 0.6% | 3% 0.045 | 02% | 4%

Table 1: Expected parameter error for= 10*pb—!

Among the 6 parameters , 4 of themy,A4|,01,02) can be easily determined, the last 2 parametdrsandj®;
have the largest relative error . The starting values of the parametersiwere).52, A = 0.445, §®;, = 0.03,
51 =T, 52 =0..

6 Conclusion and perspective

To summarize our results, we show that CMS will be able to measure the lifetime difference of the heavy and light
mass eigenstateA(") over the whole theoritical expected range and beyond. We thus expect to measure indirectly
x, for any possible value. This method will prove to be critical for values ,0équal or above 50 where no other
method can be used.

The transverse analysis of this channel will also provide us with the polarization factor and finaly will give some
constraints on the value 6fb,,. BY — .J/v¢ will clearly be one of the most interesting channel for B physics at
the LHC collider. One should note that a similar analysis can be performed for the clizfhnel//y K*.
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