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Flavor Changing Neutral Currents

Can we find new physics in the b — séf quark transition?
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Flavor Changing Neutral Currents
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What about the B-factories?
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The Decay Topology

How does this transition proceed?
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P> We analyze b — st/ in the decay of B® — K*(892)°¢" ¢~
P The angular distributions might reveal physics beyond the Standard Model
P> We reconstruct B mesons in the Belle dataset
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The Decay Topology

The decay is completely described by:
6;, Ok, ¢ and ¢° = MZZW,
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Full Angular Analysis

3 Generator Distributon
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The observables are depended on q2 = M;rgf
The differential decay rate can be expressed by measurable observables:
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Experimental Challenges

The reconstruction of B — K®¢¢~ is challenging!

P> The branching ratio for B® — K*(892)°¢* ¢ is in the order of 107
P> There is irreducible background from B — K*J/i and B — K*3(25)
P> We expect O(100) candidates in the Belle data-sample

Solution:
> Highly efficient reconstruction algorithms to find as many candidates as possible
P> Robust fitting technique — suitable for low statistics
P — folding method introduced by LHCb in 2013 (arXiv:1308.1707)
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http://arxiv.org/abs/1308.1707

The Belle Experiment

Belle logged luminosity

Integrated Luminosity (1)
E & &8 &8 3

We use 772 million BB pairs recorded by the Belle detector e
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Reconstruction of BY — K*0¢t+g¢—

Multivariate approach
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Reconstruction of BY — K*0¢t+g¢—

Multivariate approach

P> Neural networks for identifying all primary
particles and K™

K* is reconstructed in K*(892)° — K*n~

Events / (0.004 GeVic? )

Pull

>

P> Neural networks for signal selection (one for each
B decay channel)

>

Signal is identified in the beam constrained mass

Mye = \/ E3 oo — |5/

Beam

st =
M, (GeVicY)
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Reconstruction of BY — K*0¢t+g¢—

Multivariate approach

P> Neural networks for identifying all primary
particles and K™

K* is reconstructed in K*(892)° — K*n~

Events / ( 0.004 GeVi/c?)

Pull

>

P> Neural networks for signal selection (one for each
B decay channel)

>

Signal is identified in the beam constrained mass

Mye = \/ E3 oo — |5/

Beam

We find:

117.6 + 12.4 signal candidates for B — K*(892)%utpu~
69.4 + 12.0 for B% — K*(892)%ete™

st =
M, (GeVicY)
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Procedure

We extract in each fit:

P The longitudinal polarization of the K*, F|

-
§ P> The observables
8
o
i Pi—as68= a8
8 1=4,5,0, ’
5 VFL(1—Fp)
considered to be largely free from form-factor uncertainties
(J. High Energy Phys. 05 (2013) 137).
Moc (GeV) P> The transverse polarization asymmetry A(T)
The fit is performed in bins of g° in 0,0k and ¢, each treated as an
independent measurement
We fit My, to determine the signal to background fraction
P> We fit the shape of the background in the My, sideband with smoothed
histograms
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http://link.springer.com/article/10.1007%2FJHEP05%282013%29137

Optimization and Systematic uncertainties

> We perform toy studies with simulated events to evaluate and optimize all methods

Systematic Uncertainties

> Fit bias (dominant
systematic error)
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Cross-Feed (negligible)

Neural network selection optimization.

S. Wehle | DESY | LHC Ski 2016, 14.04.2016 | Page 10/15
Intoduction Angular Analysis Result
n



Example Fit-Projections for Pg in Bin 2

Background region (top) - Signal region (bottom)
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Result for the angular observable P
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Result for the angular observable

Intoduction
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Perspective

First Look

Outlook

Intoduction

The measurements are compatible with the SM
predictions and LHCb measurements

One measurement is found to deviate by 2.10 from
the predicted value into the same direction and in the
same g region where the LHCb collaboration
reported the so-called Pg anomaly

Results for the P’ observables on arXiv:

(Belle Conference Paper tomorrow on hep-ex).
We will also look into Arg, charged modes
Bt — K*T{T¢~, Rk and Bt — Kt7t 7~
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https://arxiv.org/list/hep-ex/new

Thank you for your AttentlonI

Thank youl
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Appendix
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Result P"1
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Efficiency/Acceptance

P> The reconstruction efficiency is not distributed equally across the
angular variables

P We determine the efficiency on MC
P> We assume that the reconstruction effieicny is uncorrelated in the
3D angular space

fuit”(cos by, cos Ok, 6, 4°) = fugf (cos ) @ i (cos Ok ) @ 1if (0) ® £ (0°),
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Systematics - Summary for optimized cut

Table : Summary of all considered systematic uncertainties for Pf.

Bin

0

1

2

3

4

Peaking Background
Data/MC Difference
Efficiency Correction
Fit Bias

0.0901
0.0112
0.0397
0.0031

0.0636
0.0067
0.0205
0.0061

0.0078
0.0208
0.0098
0.0430

0.0498
0.0142
0.0215
0.0127

0.0131
0.0029
0.0327
0.0460

Total

0.0992

0.0675

0.0494

0.0575

0.0580
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Full Angular Decay Rate

The full angular decay rate for B® — K*¢*¢~ with 8 free parameters
can be written as:

1 d'r -2 §(1 — F1)sin? 6k + FLcos? 6
dr/dq? dcosf, dcosOx dp dg? 327 |4 L kit K
1
+ Z(l - FL) sin? O cos 20,

— F cos? B cos 260; + Sz sin? Ok sin? 0, cos2¢
+ Sy sin 20 sin 20, cos ¢ + Ss sin 20 sin 6, cos ¢
+ Sgsin? Ok cos B + S7sin 20k sin 0, sin ¢

+ Sgsin 20 sin 20, sin ¢ + Sg sin O sin® 0, sin2¢ |,

using definitions of J. High Energy Phys. 01 (2009) 019.
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http://iopscience.iop.org/1126-6708/2009/01/019/
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http://iopscience.iop.org/1126-6708/2009/01/019/

Folding Procedure introduced by LHCb

¢ — —¢ for p <0
PynSa: qop—m—¢  forf >m/2

P> With a folding of the angles we reduce
0, —-7—0, for0, >7T/2,

the dimension of free parameters

PL, S5 : are independently sensitive to three
observable S;, Fi and S3
pom—¢ forg>m/2 P> The observables
/o
P, S7: Sp— —m—¢ forp < —7/2 Si—a5.7.8

/ —
0, —m—0, forf, > 71'/2, Pi:4*57678 - /F[_(l _ FL)’

p—m—0  forg>m/2 are considered to be largely free from
PL, S ¢—-—m—¢ forp<—m/2 form-factor uncertainties (J. High Energy

Ok - m—0k forfp >mn/2 Phys. 05 (2013) 137).

0 —7m—0, forf,>mr/2.

oo for ¢ < 0 P> We perform four measurements which
0, —>7m—0, forGL >7T/2,
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http://link.springer.com/article/10.1007%2FJHEP05%282013%29137
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