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« Measuring sin 23 at an asymmetric B factory
The BABAR and Belle experiments

The analysis and its results
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Quick intro to CP Violation in the SM

Yukawa couplings of Higgs to fermion fields - quark mixing and masses
Charged-current Lagrangian in the quark-mass basis:
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Measuring B = arg[—V, 4V, /VigVi]

* Measure in processes with interference between BY =—y fop
— Direct decay of a B® to a CP-eigenstate f.p \E 0 &
— B% - BY mixing followed by decay to the same final state

e E.g.,in BY - J /YK (“golden mode™):
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b — ccs decays may be affected by small penguin ¢
contribution, sensitive to new physics
= N S
* -2 motivates cross checks with other modes o vy
— particularly in the LHCb-upgrade / Belle-11 era d




sin 28 from BY - (*)ho

« One such cross check uses B® — D/h° , where

— Dep =D = K*K™, Ket®, K50
— Dz‘P = D>I< - DCPT[O

0 — .0
— h"=n"nw

* Only tree-level diagrams (less new-physics sensitivities):
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Experimental difficulties:

— Small branching fraction, 0 (10
— Low reconstruction efficiencies
— High background
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sin 28 at an asymmetric B factory

Z.ta,g Z.rec
Coherent : Reconstruction side
B'BY mixing: : xV

§ Tagging side

e — Mass-eigenstate
Az = BycAt, (|Az|) =~ 200pm Belle mass difference

. /!

e 50 [1+q(Ssin(AmAt) — C cos(AmAt))]

l 41R0 i l

P(At,Q) —

q = +1(—1) when By,gis B® (B°) Neglecting the CKM-suppressed diagram
S=Ng,psin2p , C=0 ¢




BABAR and Belle experiments

Instrumented Flux Return
Identification of muons and
neutral hadrons

p efficiency > 85%,

n misid ~ 4% atp > 1.5 GeV

Solenoid 1.5 T

Cherenkov Detector (DIRC)
Particle identification
/K separation > 3.40
atp < 3.5 GeV

Electromagnetic Calorimeter
6580 Csl(TI) crystals

Electron and photon energy
measurement

Silicon Vertex Tracker O(E)/E = 1.4% E'V4 © 2.2%

5 layers of double-sided Si-strip detectors
Vertex reconstruction, tracking + dE/dx
Efficiency ~ 97%

Drift chamber

40 layers, momentum measurement
for charged particles and dE/dx
o(py)/ pr= 0.13% pr ® 0.45%
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Data sets
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Events / 1 MeV/c2

120 |

— Neither experiment has enough statistics for significant result

Analysis

Joint analysis when clear benefit over combining separate results

Apply coherent analysis strategy to both data sets:
— Almost same selections and other procedures

— But often employing different state-of-the-art for each detector
Dominant background from “continuum” e*e™ - qgq

— Suppressed with neural networks of event-shape variables

Signal yield from distributions of M, = \/Egeam — pé:
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TABLE 1. Summary of B° — Db signal yields.

Decay mode BABAR Belle

B = Depn® 241 + 22 345 + 25
B° = Dcpn 106 + 14 148 4+ 18
B° = Depw 66 + 10 151 + 17
B° — Dfpn® 72+ 12 80 + 14
B — D¢pn 39+8 39+ 10
B° — DR total 508 + 31 757 + 44
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Obtaining sin 23
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» Unbinned maximum-likelihood ¢
fit of the At distributions to the
model i
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* Floating in the fit: S and C &-osf T
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Results

—N ¢S = 0.66 + 0.10 (stat) + 0.06 (syst)

C = —0.02 +0.07 (stat) + 0.03 (syst)

b—scud sin(2p) = sin(20,) XS

S = 0 excludedat5.4 o

PRELIMINARY
' ' ' ' T I - -
World Average: - 0.69 + 0.02
b—ccs . : :
HFAG (Moriond 2015) i;i
i} BaBar+Belle 0.66 £ 0.10 £ 0.06
- arXiv:1505.04147 ! :
o :
s Average 0.66 + 0.12
HFAG 5
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Source ) C
Vertex reconstruction 1.5 1.4
At resolution functions 2.0 0.4
Background At PDFs 0.4 0.1
Signal purity 0.6 0.3
Flavor-tagging 0.3 0.3
Physics parameters 0.2 < 0.1
Possible fit bias 0.6 0.8
Peaking background 4.9 0.9
Tag-side interference 0.1 1.4
Total 5.6 2.5

~ 0.20 agreement with b — ccs

Systematic uncertainties (%)



Summary

+ First observation of significant CP violation in B® — D hO

« Excludes the no-CPV hypothesis at 5.40

 Result consistent with SM expectation, i.e.,
— sin2pf from b — ccs
— ( consistent with 0

 First analysis using combined
BABAR+Belle data

* First collider analysis performed with
1.1 ab™! of data
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