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Test ot Factorization in B decays

® Non-leptonic weak decays of B mesons play an excellent role to explore flavor
physics and strong interactions.

® Factorization — estimate matrix element of four-quark operators through the
product of the matrix elements of corresponding quark currents.

Color-allowed

® Factorization works well in B” - DK~ decays Phys.Rev.D83:014017,2011 O E %
Bq

* Contributions from color-allowed (tree level) topologies as B — D"z~

e B’ D%z~ amplitude can be probed in three ways

¢ (Comparing the hadronic branching fractions to the semi-leptonic decay
rates— calculating |a,| (Results from Belle coming soon)

® | Ratios of branching fractions governed by the color-allowed and colot-
B(B° — D®~KT)

B(BY — D®)—xt)

suppressed amplitudes — calculating Ratio =

® probing decays amplitude directly through the branching fractions of decays.
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Study of B® — D*h=(h = K/7)

Both modes are important — signal or control channels for measurements related ¢, angle.

e BY - D n* provide very good opportunities to test the theories of hadronic B-meson decays — clean

and dominant hadronic decay channel.

® Improved measurements of the color-favored hadronic two-body decay of the B meson — better

understanding ot QCD etfects.

® Branching fraction for Cabibbo suppressed B’ — D™K* is related to B* - D™z by

RD

_ 2

%(BO —> D+K_) 0 fK

= = ~ tan? 0 [ X ) =0.077+0.002] —
B(B° - Dtr) I l

10.1007/JHEP09(2016)112

6. 1s Cabibbo angle, and fx and f, are

meson decay constants.

® Ratio ot branching fraction measured systematic cancel out — important for

D
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the decays which are systematic limited.

® Both decays have not been measured with full Belle data set.
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The Belle Experiment
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Belle détector =

e 3.5 GeV positrons on 8 GeV electrons
- E.,,= 10.58 GeyV,
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The Belle Detector

B-meson

/ ‘
Electron T

‘ Positron

Anti-B-meson

® K/midentification is carried out by the information
Aerogel Cherenkov cnt.

n=1.015~1.030

from independent measurement from S(IZSST(}IGIIOid

® dJdE/dx measurement by CDC

CsI(T]) —
16X,

TOF counter —

® TOF measurement

® Measurement of number of photo electrons in

ACC =
8 GeV ”/

Si vtx. det., i/ 'K; detection
3/4 lyr. DSSD 14/15 lyr. RPC+Fe
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Analysis Strategy of BY - D~h*(h = K/r)

Analysis with full Belle data set of 711tb-!

® Decay Chain: B - D (—» Ktz 2z7)KT and B - D~ (— Kz~ n7)n™

® Both modes are topologically very similar therefore same event selection criteria is applied — minimize
etficiency differences between the modes.

® High momentum particle identification capability of the Belle detector enables us to extract signals for

B’ — DK™ that are well separated from the more abundant, Cabibbo favored B’ — D~z processes.

Variable Cut
Prompt K™ L(K/m) > 0.6
Prompt 7 L(K/m) < 0.6
D= (— Ktn~w~ ) mass Mppg — 2.boy < M < Mppg + 2.50m
My, = \/El?eam — p*B My,.>5.27 GeV
AFE = FE} — Epeam -0.13 GeV <AE<0.13 GeV
P 2.06 GeV <pp <2.55 GeV
Fox—Woliram Moment R R2<0.3
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Reconstruction of D meson

Belle EPS Preliminary

® Mass constrained fit is applied to the D™ candidate D™ — Kz~ z~ to ensure consistency

with the D meson decay topology.

® D™ meson candidates are required to have a mass within 2.5¢ of the true mass.

Events / ( 0.001 GeV )
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Belle (preliminary)
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Mass resolution 1s ~5 MeV
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Particle Identitication at Belle Belle EPS Preliminary

® Particle identification system at Belle is used to determine a K/#

likelthood ratio &£(K/x) for the charged tracks.
® The likelthood ranges from O to 1.
® (O means likely to be a 7 and 1 means likely to be K.

® To ensure high efficiency and purity of kaons and pions we

B’ - D h*(h = K)

Belle (preliminary)

L .

c B - DK"

2 .| ms -ow

Ww 10" ¥ s rakeD
Continuum

BB background
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require, K_ID
B’ = D h*(h = &)
_ ﬁK "2 Bz ~ D:ﬂi Belle (preliminary)
L(K/7) = 77— > 0.6 for kaons g e
I BB background |
L(K/T) ﬁKEfLW < 0.6 for pions |

O 01 02 03 04 05 06 07 08 09 1
K_ID
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B - DTK~
BO — D+7-

Fit Strategy to Extract Ratio = RP =

* Significant background from B — D*z~ decays in B’ —» DK~

due to the misidentification of pion as a kaon.

* A simultaneous fit is performed to samples enhanced in
prompt tracks that are either pions [Z(K/x) < 0.6] or kaons
| £ (K/7m) > 0.6]

® (Cross-feed trom both decay modes 1s also determined from

the simultaneous fit.

® Due to the low yield of B’ - DTK™ cross feed to the pion-

enhanced sample, the kaon identification etficiency ey is

fixed.

®* Un-binned maximum likelthood fit 1s performed to extract

the signal yield by fitting the AE = E* — E,,,, distribution

simultaneously in B - D*z~ and B - D*K~ samples.

D
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Dtn~
N pion enhanced

DTK~™
N pion enhanced

DTK™
N kaon enhanced

Dtn~
N kaon enhanced

Fix in fit
I Floating in fit

+ NP'7is the total yield in both decays.

total

4+ ¢, 1s kaon 1dentification etficiency

4+ « is pion misidentification rate/pion fake rate

4+ RP is the ratio

From Belle official
PID system

—

€ = (84.46 +0.12) %
k= (7.64 £0.96) %
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B’ — DtK~
BY — D+7-

Simultaneous Fit to Extract Ratio = R? =

Belle EPS Preliminary

AE = Eg o Ebeam

= E_Belle (preliminary) EO — D" (Kn*n*)h > - Belle (preliminary) , §0 — D' (Kx*nH)h
8 6000 [ 8 i ) .
Ny - pion enriched ~ 500 :_ I+, kaon enriched
g 5000 | 8 - :
S : —— Data S 400
© 4000 —— Combined model e -
- s -
—~ S S UL B — D'n ~ 300
£ 3000 F o o :
S Y 2 e B — DK S :
S - > 200
w 2000  F ) e Background L
1000 |- 100
oL PP L A e P ek ek %0000 asee 0
— 5 — 5t
T T OTUr SPLIY FLLISIN. .t ¢ 2 ;
0 E” *s ¢ ¢¢H ¢ *‘#ﬁ *¢¢Mﬁ¢¢¢ "W 0 |
-5 - - - - - 5t
-0.1 -0.05 0 0.05 0.1
AE (GeV)
Results from the fit:
RP = (8.20 = 0.20) x 1072 From Belle PID

— -+
k = (8.10 £0.21) x 10~* (agree with official Belle PID value within ~ 20) k= (7.64£0.96)%
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Calculation ot Systematics Uncertainties Belle EPS Preliminary

Kinematics of B' - D7~ and B — DK~ Source R” B(B" — D*x) B(B"— D"K™)
B(DT - K ntx™) —~ 1.71% 1.71%

processes are quite similar, most of the systematic

Multiplicative uncertainties

effects cancel in the ratio of the branching Tracking _ L 40% L0
tfractions. MC statistics - 0.04% 0.04%
ANp 5 - 1.37% 1.37%

® The main source of systematic error that do not _ foo - 1.23% 1.23%

PID efficiency of K/m (stat.)

cancel is the uncertainty in K/= identification
PID efficiency of K/m (syst.)

€fﬁC1€ﬁCY- Total multiplicative 0.01% 2.31% 2.42 %

Additive uncertainties

® All the sources of systematic uncertainty are

assumed to be independent. D™ mass selection window 0.002 x10~2 0.058 x1073 0.047 x10~*
, , , , J /1 veto selection 0.003 x10~2 0.001 x10~* 0.000 x10~*
® ‘Total systematic uncertainty is the sum 1n o » »
Fit bias — 0.030 x10 0.020 x10
quadrature of the contributions from individual Total additive 0.199 %102 0.077 x 103 0.058 x 104
sources.
D , |
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Results Belle EPS Preliminary

® The ratio of B - DKt and BY - Dzt branching fraction

LHCb: J. High Energ. Phys. 2013, 1 (2013)

%(EO —> D+K_) ) .
= = (8.20 = 0.20(stat) £ 0.20(syst)) x 10 Ratio = 8.22 £ 0.11(stat) £ 0.25(syst)

RP =
RB(BY — D+r)

® Measurement of branching fraction for B — D~z

Nyl BaBar: Phys.Rev.D 75 (2007) 031101
BIB' - D~ (- Kt~ n)nt] =
2 X foo X Ngg X €, X B(D— — K1) BIBY — D 7*] = [2.55 £ 005, £ 0.16, ] X 107

CLEO2: Phys.Rev.D 66 (2002) 031101

BB’ - D~(— K 'z~ 7)n*] = [2.50 £ 0.01y, + 0.10,, + 0.04 5 p_ gz ] X 107
RB[B? - D™z*] = [2.68 £0.12, + 0.24,,,] X 107

® Measurement of branching fraction for B -» D™K*

. o . . LHCb: Phys.Rev.Lett. 107 (2011) 211801
BB’ > D (- Kna)KT|=ABB”—> D n7)XR . »
B[B® - DK+] = [1.89 £ 0.19_ + 0.10...] X 10

sta Syst

‘%[BO — D_( — K+ﬂ_ﬂ_)K+] — [205 T O'Osstat s O'Ogsyst T O°O49S’(D——>K+7t—ﬂ—)] X 10_4 Belle: PhYS.ReV.Lett. 87 (2001) 111801
B[B? - D™K*] = [1.7 £ 0.4, + 0.1, x 107




Study of B — D’z

_ Ve
Color-allowed | b < - < C } 0
® b — ciid transition does not have simple penguin amplitude. 44 u
B
® No penguin diagram possible as final state quark ditferent Vad d | o
d > d
tlavour J
0 300
® Branching fraction of color suppressed B — D'z" has been B"— D'rm
measured using “naive” factorization model. |Nucl.Phys.B591:313-418,2000
® Both are commonly used control mode in many analysis — | - U
allow for high-precision validations of techniques. Color-suppressed W q L
J
* Important for Belle Il precision trontiet. ( R < _)
B T+ Vcb &ﬁ
\ u > u /
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Analysis Strategy of B — D'z

® Analysis performed with full Belle data set of 711{b-1
® Decay Chain: B — D% - K*z7)z" and B —» DY —» KT~ 2"’ 7% — yy
® Signal reconstruction

® (Charged particles reconstructed from hadron ID and tracking

0

® Neutral particles from 7z — yy pairs in ECL

* Kinematic variables used for fitting AE = Ef — E,,,,, and

nnOutput Uy

—_ 2 _ 2 0.16;- | 0-05:_
Mbc o \/Ebeam pB 0.145—- 0.0 :— Signal
0.125-- Signal E Continuum
o . . o o ] | _
* Continuum Suppression using R, and variables in NN Continuun :>
—transformation to fit as cut :
min o
Co= 1o Cvy — Chn .
e L“NN g max — C
NN NN

¢ Unbinned maximum likelihood fit in M. and AE and C]’VN

® Simultaneous fit over four datasets divided by D” decay and kaon charge.
D
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Results BT — Dz

Mbc(DO — K+7T—) AE(DO —> K+7Z'_) C],VN(DO N K+7Z'_)
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Results BY — DYz

N0 + - = _ : _
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Summary

® Measurements performed with full Belle data.
® Preliminary results for B® — Dth™(h = K/r) are Belle EPS Preliminary
RBIBY - D (- K'r n7)n™] =[2.50 £0.01

+ 0.10,, = 0.04 5 p_ g+7ry] X 107

stat —

+0.08,, = 0.04 5 p_ g+zpy] X 107

stat —

RBIBY > D~ (- Ktn~n)K*] = [2.05 £ 0.05

RP = 0.082 £ 0.002(stat) = 0.002(syst)

® Most precise measurement till date and the values agrees with world averages.
o BV D"*h=(h = K/n) results from Belle coming soon

® Preliminary results for B — D' are
BB+ — D'n*) = (4.53 £0.02, £ 0.14,,;) x 10~
B(B? - D7) = (2.69 = 0.06,,, * 0.09,,) x 10~

® Precision 1s improved in both decay channels.
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