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BOBO Oscillations

Second-Order Weak Interactions M Otlvatl on.
. W ; *Precision measurement
- eConstrain CKM parameters
BO t t g0  <Validation for CP measurements
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Time-evolution of BYs: : zg

BO Decay Time Difference (ps) BO Decay Time D fference (ps)

f+=§e [1+cos(AmAt)] e

wheref, isthe fraction of unmixed Bs A(AL) = T (A) mixed = T (AL e
And f isthefraction of mixed Bs P (A yrmived + T (A1) e
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Experimental Ingredients

_ rpe— NZ ——
B°Blina
coherent @ K @
L=1 state 0
B tag _ —4“‘/ -
- — U

Y4S) __---—""
e(9 GeV) > &:)’ - < e*(3.1 GeV)

§~
~~
—

Borec .D K
™

Bsin (opposite) flavor eigenstates

1. Fully Reconstruct one B in aflavor eigenstate (D®*)m, D®)p,
D®)a,, Iy K*O)

2. Vertex and flavor-tag second B
M easur e decay time difference (Az L ByygCAt)
4. Maximum-Likelihood fit to extract Am
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1. Fully Reconstruct B%s in flavor elgenstates

BO .,
D*-1t*, D*-p*, D*-a,*, D'Tt", Dp*, Da,*,JYK*O

Signal region defined by two
Kinematic variables:

* *
AE=E_ -E
o(AE) ~ 15-30 MeV
M ode-dependent

3000
|
12500

12000

beam

BC Candidates/ 2.5 MeV

1000
Dominated by detector resolution

o(Mmg) ~3 MeV
Dominated by the beam energy spread

1500

500/

— *2 * 2 r
Meg= \/Ebeam ~ Pg 0

5.

B° Hadronic Decays to Flavor Eigenstates

BABAR

Gaussian signal
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A Fully Reconstructed Y (4S) Event
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2 FHavor-tag other B

Use correlations between decay products of

Biag @nd its flavor

Algorithm uses 4 categories.

— Leptontag:b - c/ v,

— Kaontag:b - cX;c - sX;s - K-

— NT21and NT2: Single neural net using
other (correlated) information (e.g.

slow pionsfrom D*, kinematics), two
“goodness of tag” categories

Needs accurate and efficient Particle
Identification

Measured
In fit
Category E\allgeﬁ?: (EOZ)I . '\(/Ioi/jag E’Z;i v
Lepton 754 + 28 11.3+0.4 85+1.8 [97.1+0.6
Kaon 2317 +54 348+06| 16.7+1.4 (852+0.8
NT1 556 + 26 8.3+0.3 19.5+2.6 |88.7+1.5
NT2 910 + 36 13.7+0.4| 326+24 |83.0+1.3
Total 4538 +75 68.1+0.9 86.7+ 0.5
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The effective tagging efficiency is
Q=e(1 2w)’

" At(ps)
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3. Measure decay time differen

Bs in an

Entangled state
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CM S boosted along z axis: At ~ Az / (ByysC)
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tag VErtex partially reconstructed using remaining tracks
— Exclude tracks from charm decays (verx)

Resolution function R : 3 Gaussians (cor e, tail, outlier)

Asymmetry

N /]
TN N\
-0.5F

BO Decay Time Difference (ps)

— Scale core/tail widths with event-by-event errors derived from vertex fits

— Outlier (<1%): fixed widtho~8ps

— Allow different core biases depending on 4 tagging categories
— Fit parameters: scale factors, biases, relative core/tail/outlier amounts
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4. Fit decay-time distribution to extract Am

Unbinned maximum likelihood fit to decay-time distributions

Signal: 2, 3000
1 - = -

f, = e [1+ D cos(AmAt)| 0 R(3Gaussian) ) 2500, —>
4

Peaking background from B* (1.3% of signal)

F.charge (1£D,) G,/2 &IP1 TR (3Gaussian)
Combinatorial background:
Zero-lifetime component
F..= (1£D,) ORp(2Gaussian)
Non-oscillatory, non-zero lifetime component
F.,= (1+ D, G,/2 €%P TR, (2Gaussian)
D,D,,D,,D, fit separately by tagging category
Total: 34 fit parameters including Am
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Events/ 0.4 ps

Data and Results
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| 2o BaBAR
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100 f : 04 ;
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0 aactoascan ! . ‘ ) . PPPPR B ]
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_ At (ps) A R R R
Data, mgg > 5.27 GeV, with projection 0 2 4 6 8 10 12
of fit result superimposed |At] (ps)
Am = (0.519 £ 0.020 £ 0.016): ps?
PRELIMINARY
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Systematic Errors and Consistency Checks

 High purity sample, well-under stood

. 0 A 1
systematics. ree M LAps']
MC stats 0.004
* Cross-Checks: M C correction 0.009
— Split data sample in time At outliers 0.002
— Split data sample by mode Likelihood norm. 0.003
— Split data sample by tagging category Background 0.005
— Float B lifetime in full fit BY lifetime 0.006
— Float charged B background fraction Z scale <0.005
— Check mistag fraction using charged B sample” *°* 0.005
— Split MC sample, float B lifetime =VTalignment 0004
_ : Beamspot postn/size 0.001
— Include charged B sample in fit for resolution
Total 0.016

function parameters
Fit just to lifetime
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Comparison of results; Conclusion

This M easur ement = BABAR Hadronic H_'_H 0.519:0.02G:0.016 p&"
BABAR D*Inu (Osaka) }_,_._,_{ 0.508:0.020:0.022 p&"
0519+ 0.020 £ 0.016 p§ BABAR Dilepton M 0.499:0.01G:0.012 p&'
0.463:0.008:0.016 p&"
PDG 2000 World Average ALEPH ° o] 0.446:0.02G:0.018 pé'
+

0.472+0.017 0.496:0.026£0.023 p&*
L3 |_,_,_,_| 0.444:0.028:0.028 p&*
OPAL H"‘H 0.479:0.018:0.015 ps§"
BaBar already competitive with 0.526:0.0420,031 pé

MOost precise current measurements
CDF |_,_._,_| 0.495:0.026:0.025 ps§"

LEP+SLD+CDF }_._{ 0.486:0.015 ps
ICHEP2000 | , | . | | |

04 045 05 055 0.6

" working group average 1
Amy (ps”)
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