—_— .*
r. n_-".' i"_

ﬂ' ) ..- R

hing for CP Viol;

y Ieptonlc B_° decays
ale — York UnlverS|ty (Canada)

.,':. h} - )

i
.1 :f‘*g .
.m'l w

The DO detector is a typical example of a
collider detector, with tracking, calorimetry
and muon systems. For this analysis, we
make extensive use of the tracking and
muon systems but on_y limited use of the
.. calorimeter™
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The tracking system is composed of an inner silicon

detector and.a scintillating fiber tracker within a-2T

solenoid field. The.tracking system provides
momenta determination.and vertexing for the B,

and D_* decays (see the decay-below).
- J|Fiber Tracker .

The muon system is composed of three , N
layers of scintillator tiles and drift tube !
detectors. A toroid between the 1° and 2™
layers curves the muon tracks aiding in
momentum determination. Hits in the muon
layers are used to trigger the detector.

The toroid polarity is reversed on a regular
- basis allowing the determination of the
detectorrasymmetry separate from the CP
asymmetry.
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F(i}i =LA e Ft('(:osh AT t/2 + cos Amt)

' The- sn‘gns onA_° and the cosifte depen(ﬁ on the;charge of
the muon-and btag. & is zero if the charges are o_pposne.
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The asymmetry is defined as a _
function of the decay rate,

however, we could aIternatlver
define the decay rate (or lifetime
distribution) as a function of the
asymmetry. It can be shown that
the asymmetry is constant in

time, so we define the lifetime
distribution function in terms of a
semileptonic B, asymmetry |

parameter (ASIS)' . ] — Average

Probability of Mixing for ...

— mixing for B
_ _ mixing for Bs

mixing oscillations with an

The basic idea is to fit to the lifetime
exaggerated asymmetry

distribution to extract the asymmetry
parameter. The problem is'complicated by
our inability to isolate the mixed decays.
Most events lack a btag, and those that
have one are often of low confidence. The
presence of unmixed decays in the data
sample will dilute the asymmetry and must
be accounted for. Furthermore, this
introduces a time dependence in the
measured asymmetry.

The pp collision creates a bb pair, the hadronization process is uncorrelated
for the two quarks resulting in a B_° and some other B hadron (B,). In this

example the B oscillates into a B_° and then decays. The actual oscillation
frequency is much higher, the B_ will typically oscillate several times before
decaying. The charge of the muon from this decay indicates the final state B_

flavour.
On the other side of the detector, the B_decays to a jet and (possibly) a

lepton. The charge of this lepton (or jet) indicates the flavour of the B hadron
on this side, and hence the initial flavour on the side we are interested in. In
short, a pair of like charge muons indicates a B_° decaying in an oscillated

state. The charge from the opposite side decay is referred to as the btag.
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We consider two D decay channels: D~ — K*O(K+7T_)K_

The final states are the same, but the different intermediate state (¢/K") have
different backgrounds and must be treated differently.

Time (ps)

The problem is further complicatted when background sources are considered. The B? and B*
decay to similar (or identical) final states and have their own asymmetries. D—Kmrrr decays
may be mistakenly identified as KKw and assigned a D mass (see mass plot at
far right). To discriminate against these backgrounds, addltlonal probability
functions are included in the fit function. These functions must be determined
independently before the fit to extract the asymmetry.

Fit Func =1'(¢, A3;) ® P(resolution) x P(mass) x P(others)

Muons bend in the toroid towards/away
from the beam axis. However, corner
regions of the muon system have lower
efficiency. This introduces a muon

And finally, in order to model the lifetime distribution correctly, we must also consider the
resolution (or uncertainty)-in the lifetime. The resolution is determined event by event, and has
the effect of 'smearing' the oscillations in the lifetime distribution. The Gaussian resolution
function is convoluted with the lifetime distribution.

toroid polartity. The toroid polarity is

Low eff. at corners

contribution to the asymmetry.

- The parameters p, q describe the mass (CP)
. eigenstates:in relation to the flavour states.

In the event that |p]+#|q| ,
orthogonal, and CP'is broken.

- Solving for the time dependence of the system,
the CP violation manifests as a difference in-the i
mixed decay rate for B.° / B_°. That is, the mlxmg \

prefers to go in one d|rect|on or the other.

asymmetry due to different acceptance for
muons depending on direction, charge and

reversed regularily, so we can measure this
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ansitions mean that the

are not eigenstates of the"
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The eigenstates are superpositions of the flavour
states with mass/lifetime M_/I', and M /T i« -

|Brr) = p|B) — q|B)
|Br) = p|B) + q|B)

flavour states B’ an
Hamiltonian
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/ is the thantlty,Lhat’vae seek to measure.
r rd_ﬂ_p-"d_- =i

-+ Data
—Fit
e DL = 0T

20000 D@, 5 fb™
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Events/(0.01 GeV/c?)

D J1—>K+K e de , there are other peaks from a vanety of
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“The final fit for the asym
are done independently fa
two samples combined.
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. = CPviolating parameter in the
7 @f 0 SM. Asymmetry measurements
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CDF uu
(RunI)

|_|—.—|_| 0.113 +£0.283 +0.149
C DF L

(1.6 b7h prel. H
DO up H

(1.0MmH

DO Semileptonic H
B; flavor-tagged

M)

0.025 +£0.021 £0.017 68% CL

95% CL
—0.0061+0.0058+0.0077 99.7% CL

This analysis:
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