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Integrated luminosity at the B factories
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The quark-mixing matrix contains one irreducible
phase that is responsible for all €P in quark transitions
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The quark-mixing matrix contains one irreducible
phase that is responsible for all €P in quark transitions
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The quark-mixing matrix contains one irreducible
phase that is responsible for all €P in quark transitions
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Unitarity = 6 triangle relations in the complex plane,
C.8- ijbvud + czvcd + Vvt}l;‘/td =0

(p,m) - AN - (1 = 3)%)
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The weak phase ¢3 = arg % can be measured ...
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The weak phase ¢3 is measured in B~ — D) ()=
decays by the interference between two amplitudes if
both D) and D)V decay to a common final state
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Three techniques to measure ¢3 all use rare decays of
(_ PR
the form B~ — D° K

v ADS:use|K "7~ ) state (CF for D”; DCS for D)
Atwood, Dunietz and Soni, PRL 78, 3257 (1997)

v GGSZ: use Dalitz analysis of |[Ksm 7~ state

Giri, Grossman, Soffer and Zupan, PRD 68, 054018 (2003)
Bondar, Proc BINP Dalitz Analysis Meeting (2002) (unpublished)



Atwood — Dunietz — Soni
method (ADS)

Atwood, Dunietz and Soni, PRL 78, 3257 (1997)
Atwood, Dunietz and Soni, PRD 63,036005 (2001)
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ADS method measures ¢3 via the interference in rare
B~ — [K™n7|p K~ decays
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ADS rate and asymmetry (relative to the common decay):
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Yields for the ADS mode 6~ — K™n7]p K~ from
/72 million BB events: PRL 106,231803 (201 1)

* Continuum background is suppressed by NeuroBayes (NB)
neural network based on event shape
* Fit AE and NB distributions together to extract signal

for NB > 0.9 for |AE| < 0.03 GeV
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Results for the ADS mode B~ — |[K

772 million BB events:

R Averages

EPS 2011
ADS PRELIMINARY

‘BaBar i '0.011 +0.006 + 0.002
PRD 82 (2010) 072006 ;
Belle : 0.016 + 0.004 + 0.001
v PRL 106 (2011) 231803
5] CDF : 0.022 + 0.009 + 0.003
< PLHC2011 preliminary
o LHCb 0.017 + 0.004 + 0.002
EPS 2011 preliminary
Average 0.016 + 0.003
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Giri—-Grossman—Soffer—Zupan
method (GGSW)

Giri, Grossman, Soffer and Zupan, PRD 68, 054018 (2003)
Bondar, Proc BINP Dalitz Analysis Meeting (2002) (unpublished)
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GGSW method measures @3 via the interference in
B~ — [Kgm 7~ |p K~ decays at every point in the
D Dalitz plot
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Using mixed states Dand D defined on p. 5, matrix elements are
B~ — DK™ : M_ = f(m2,m2) +rpe'®»=9) f(m2 m?2)

B"‘ — EK—I' . ./\/l_|_ — f(ma_,mz_) _|_7aB€’i(5B‘|‘¢3) f(mQ_’m?l_)

my = m(Kgn®)
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Unbinned Dalitz method: model the amplltudes
f(m3, mi) using a sum of v gane
known two-body resonances
and a non-resonant term to

get the best fit to continuum
D* — D — |[Kgnm|m data

D0—>K7T7Tf

25 . (input for model) |

m?2 (GeV?/c%)

) 3
] m2 (GeV?/c%)
Fit: Match B~ data to

2 » i(65Lda) |\
IMy|” = \ + rype VBT

and extract best-fit values of @3, d5 and 7+.



Unbinned Dalitz method: fit the BT distributions using
my, m_, Mbm AEa COSchra and Fshape
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PRD 81, 112002 (2010)
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The fits use the “Cartesian” CP-sensitive parameters

T4+ = 14 cos(d -

- ¢3)

and

Y+ — T+ Sin(5 T ¢3)
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Results for the unbinned Dalitz analysis for B — D*) K

from 657 million BB events:
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Results for the unbinned Dalitz analysis for B — D*) K

from 657 million BB events:

PRD 81, 112002 (2010)

Parameter BT - DK™ Bt - D*K*, D* - Dn’|Bt* - D*K™*, D* — D~
T_ +0.105 = 0.047 == 0.011| +0.024 £ 0.140 = 0.018 | +0.144 4 0.208 £ 0.025
Y- +0.177 £ 0.060 = 0.018 | —0.243 £ 0.137 £0.022 | +0.196 + 0.215 £ 0.037
P —0.107 +20.043 £0.011| +0.133 = 0.083 = 0.018 | —0.006 £ 0.147 + 0.025
Y+ —0.067 +0.059 £ 0.018| +0.130 £0.120 +0.022 | —0.190 £ 0.177 £ 0.037

Parameter

BT — DK™ mode

Bt — D*KT mode

@3
r

)

(80.8713:1 + 5.0 @
0.16112-240 4+ 0.01119:950

(137.4713-0 + 4.0 + 22.9)°

(73.97189 + 4.2 @0

0.19610:073 4 ( 013+0.062

(341.7718-¢ + 3.2 4+ 22.9)9
_ 20.9 V4

model-dependent error will limit
the viability of this approach
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Binned Dalitz method: avoid the modeling error by
“optimal” binning of the Dalitz plot

Bondar and Poluektoy,
EP] C55,51 (2008)
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Choice of bins guided by model, but extracted ¢3 is not biased
by this choice.
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Yields for Binned Dalitz method from 772 million BB
arXiv: 1 106.4046
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Binned Dalitz distributions from 772 million BB events
arXiv: | 106.4046
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Yields in each Dalitz bin from 772 million BB events
arXiv: 1 106.4046
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Binned Dalitz result from 772 million BB events
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Combined measurements for ¢3 from all methods:

except binned Dalitz
http://ckmfitter.in2p3.fr/

NOZ7M --- D) K(*) GLW + ADS WA

EPS 11 --- D(*) K(*) GGSZ 3 Combined
— CKM fit

Full Frequentist treatment on MC basis
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This compilation includes the results reported in this talk
other than the binned Dalitz result (arXiv | 106.4046),
which is consistent with this world average.




<5 Summary

Belle has new results in BX — DK™
decays using the ADS and GGSW
(unbinned and binned) methods.
These provide sensitivity to the

CKM angle ¢3(= 7).
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