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e BORO Mixing using decays:
= to Dileptons
= Semileptonic
= Hadronic
e BO and B— lifetimes using decays:
= Semileptonic

= Hadronic

Motivation

* Fundamental parameters can be extracted from
BO9BO mixing.

e Asymmetric B=Factories are great to study mix-
ing.

e Lifetime and mixing analysis provide important in-
formation for CP studies.
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Introduction to B°B° Mixing

Mixing is a result of se-con? order Wagk interactions:
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OF = SF -

e Am is the mass difference between the mass eigen
states.

e Determine B meson flavor by reconstructing flavor
specific modes.

e Measure the time dependence for SF and OF
events.

== can determine Am




BYBY Mixing using dileptons (ee, ey, )
e Charge of lepton == Flavor of B meson

e Z separation == proper time difference
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BYBU Mixing using dileptons cont.

Event selection cuts include:
e (1.1 < PF<23) GeV/e

* 30° < fyqp) < 135°
e SVD hits: ro>1, 222

With 5.9 fb=1
8,573 Same Sign, 40,981 Opposite Sign Events.

Event Classification
Signal - Both tracks are primary leptons from
different B8 mesons
Background - At least one lepton from non=8 or
fake lepton (hadron)

—-p
Use a binned maximum likelihood fit.
simultaneous fit to Same Sign and Opposite Sign
dilepton distributions
Signal = Use theoretical PDP smeared with Jiy = IF1=
response function
Background - Use Am sensitive Monte Carlo distri-
butions




BOB0O Mixing using dileptons cont.

Fit Results

Fm—— 0.463 +0.008 = Ofgé psf%_

Accepted for publication by Pys. Rev. Lett.
(hep-ex,/0011090
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Dilepton asymmetry 5.9 b
Aff = U.483 = 0.008 = 0.016
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BPBO Mixing using dileptons cont.

Am = 0.463 £0.008 =0.016 ps~ 1

Accepted for publication by Pys. Rev. Lett.
{hep-ex/0011090)

e Dete
— E‘it total

|
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‘Source (uncertainty) Amy

f+/fo (£ 0.08) =0.009
B lifetime (+ 0.032 ps) +0.004
Tt/ 759 (£ 0.03) +0.009
response function +=0.005
background fake rate (=35%) +=0.004
B(B = DX) (D9 +4.6%, DT: =14.3%) =0.002
continuum (SS: =16%, OS: =7%) =0.002
detector resolution, BG (x18 um) =0.001
Monte Carlo statistics =0.004
total £0.016




Mixing using reconstructed self tagging

e Reconstruct BY — D*=l¥y and Hadronic modes.

e Use Belle standard flavor tagging

— Two stage Multidimensional Likelihood
method

— Output divided into six categories

e Now there is a dilution term in the PDF'’s

B’O
BY — p*=iTty Semileptonic
BQ —- D“:?‘l’*
B o P*p Hadronic
5& - BT
Secondaries
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BYBC Mixing using D*lv (10.5fb1)
Event Selection
e Require tracks with associated SVD hits.
¢ LA P <24 GeV/e, Pp, <26 GeV/c

e Missing mass? = (Eg — Ep«)? — |p|2 = |Fp=?

C vs. Missing Mass Mass Difference
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Mixing using Hadronic modes (10.5fb~1)

e SVD hits: /¢ > 2, z > 2 for tracks in vertex fit

e Particle identification for charged = and K candi-
dates (except slow =)

B>D'n

lentries / 2MeV/c’]

.........
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Reconstructing the vertices

Reconstructed B

e SVD and track guality conditions

* Vertex reconstructed D with high mementum pri-

mary track (e,u,w)

Tagging Side or “Other” B
Standard Belle tag side vertexing:

e Reject charged ='s from K, candidates.

e SVD and track quality conditions

e Conditions on x2 of vertex

"Other' B Reconstructed B
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Event level

€tag

=

= g=r-(for max. r:)

[1(1+qurs) — [1(1-gui)

Fi(1=qurx) + [1(1-gury)
qin (for max. n)

Il

99.4%, €.+ =27.0%




A note on PDF’s
The actual PDF’s for OF and SF distributions used
in the mixing fits are the sum of two distinct COmpPO-
nents.

1. Signal term: typically has:

e Lifetime term — exponential

e Mixing term = COSINe

e wrong tag dilution term = (1 = 2w)

e resolution term — two Gaussians

2. Background term: consisting of:
e lifetime term — exponential
e zero lifetime term = delta function
e resolution term = two Gaussians

Psic op. % | dt'e™ (1 % (1 = 20)cos(Amt)) RA: —1

(5 s
\S B g =K

Ei

dt'le 786 + O(t')|Rpe(At=1)
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A lifetime fit still has the same form but is simplified
since the cosine term is zero, and the is no distinction

b/w OF and SF.




Results: Mixing using D*lv (10567 1)
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Results: Mixing using Hadronic events
(10.5fp=1)

Lm = 0. 52_7'_; 0.032 (stat) P:f-_ 1
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B meson life times

B — D*lv

e Reconstruction and vertexing similar to mixing
analysis, but with no need to flavor tag!

e Also reconstruct charged B's

BY = DO+
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‘Belle Preliminary
4636 events 5049 events
rgo = 1.518£0.045 ps T+ = 1.628 = 0.060 ps
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B meson life times cont.

B — Hadrons

e Again, reconstruction and vertexing similar to
mixing analysis.

e Reconstruct charged B's

B’ Combined Ny
@ e Data ® °
& , &
S 109
k5 :
50 &0
1 1
At [ps] At [ps]
nge}_.e pl’ﬁhl’ﬂlﬂ_d_;y_
1819 events 2838 events
g0 = 1886700t ps Tp- = 1.6797 5 5as s
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Mixing:
Method —  Am (ps 1))
- Dilepton 0.463 = 0.008 £ 0.016
Semileptonic = 0.522 + 0.026 (stat)
Hadronic - 0.527 = 0.032 (stat)
PDG | 0472017
Method o (B8) 7o (p8)
 Semileptonic | 1518*0045 16281%0969
 Hadronic ! 1.585T0CES | 1e7e¥0 040 |
PDG  1.548+0.032 1653+0028

All ilf@me errors are statﬁ@al

CPT hmits from dileptons:

imgo = mpo|/mgo < 1.6 x 107 (90%C.L.)
Fge=Fpgol/Fge < 0.161 (80%C.L.)

All results other than dileg

on_are preliminary.
e Most precise measerment of Am to date.

e New CPT bound.

e Precsion lifetime measurements.




CPT -
Remove CPT conservation constraint from B2B0 the
theoretical functoins:
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Sin §2z<
sind2es + (2+ 23 + 25/ cos6(2)’
A non-zero value of the complex parameter cosé
would be an indication of CPT violation.
Fit results:
Im(cos8) = 0.035 = 0.029(stat) = 0.0561 (sys)
Re(cosé) = Q.00 =0 15(stat) = 0.06(sys)
and Amgy = 0.461 ps—1.
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