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Precision measurements!
@ Determine {| V!, |Vep|}

ol

@ What to do with BB data?
@ Except ...




Introduction B — D*¢ty, B — D) rty, Inclusive tag Hadronic tag Summary
[o]e] Jo) 000000000 0000 0000 [e]e]

@ What to do with BB data?
@ Except...v

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at EPS09 - Semileptonic b — ¢ Decays at Belle



Introduction B — D*¢ty, B — D(*)7+w Inclusive tag Hadronic tag Summary
ooeo 000000000 0000 0000 oo}

Semileptonic b — c transitions at B factories
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Semileptonic b — c transitions at B factories

Precision measurements!
@ Determine {|Vyp|, |Veb|} ’

ol
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Semileptonic b — c transitions at B factories

Precision measurements! And perhaps charged Higgs?
@ Determine {| V|, | Vebl|} ’ @ In addition to W?
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Semileptonic b — c transitions at B factories

Precision measurements! And perhaps charged Higgs?
@ Determine {| V|, | Vebl|} ’ @ In addition to W? ’

ol
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A
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@ New physics can introduce additional terms

@ Precise measurements of | V| and |V, | crucial to observe
deviations from CKM mechanism

BELLE
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Differential decay width

Kinematic variables

4 ‘ !
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@ Aside from masses etc. identical for B2 and B
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Differential decay width

Differential decay width
Kinematic variables

_ Pg'PD* uo_ 2 d*r(B — D*ttuy)
e w="B"2L g1 p _dTME = D lve)
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@ Aside from masses etc. identical for B% and BT
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® Fi| Vel
@ Form factor parameters




@ Only signal is reconstructed
e B— D0~ vy,

e D¥ — DOT('S
e D° - K nt

e D° - K atrnt

@ Fi| Vel

@ Form factor parameters

«0O0>» «F>r» « >
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Considered final states
@ Only signal is reconstructed
e B— D* ¢~ vy,
e D* — DOrg
e D° » K rt
o D° - K rntnr—xt

Results
@ F1| Vel
@ Form factor parameters

Systematics

@ B° and B* show different
systematic uncertainty
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Considered final states
@ Only signal is reconstructed
e B— D* ¢~ vy,
e D* — DOrg
e D° » K rt
o D° - K rntnr—xt

Results
@ Fi| Vel
@ Form factor parameters

Systematics

@ B and B* show different 7
systematic uncertainty

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at

Inclusive tag Hadronic tag Summary
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B — D ¢{*tv

@ Shown at ICHEPO08

v

Bt — D¢ty
@ New preliminary result
o Nsigna/ = 27, 106 + 367

y

» BY signal purity and background fractions
» B* signal purity and background fractions
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D' K3nc=e

» Background fractions B




Continuum: qq decays

D’ Kmi=e

» Background fractions B
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Investigation of B™ background

Investigated using MC
@ Fake D°
@ Combinatoric D*
@ Fake Lepton
@ Uncorrelated
@ B— D*(v,B— D*Xtlv

@ Signal correlated
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Off-resonance data
@ Continuum: g decays J
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Investigation of B™ background

Investigated using MC Off-resonance data
Fake D° @ Continuum: qq decays J

Combinatoric D*

N

:

Fake Lepton

4
=

B — D*{v,B — D*X{tv

-

°
°
@ Uncorrelated
°
°

\
\|
4

Signal correlated . | ~ S

HMCMLL, TFractionFitter
@ Determine norm of MC components from fit to data
@ Use 2D distribution cos 6 p.y vs. Am B

BELLE
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Plots of Bt background - e channels
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eB“D‘t

@ D*/ reconstruction yields 1D space of B candidates

. . . . N N 1 14 o=
@ Combined with inclusive sum of remaining event: “best B
o




Introduction B — D*¢ty, B — D*)rty, Inclusive tag Hadronic tag Summary
0000 000008000 0000 0000 [e]e]

Reconstruction of the B rest frame

@ D*/ reconstruction yields 1D space of B candidates
@ Combined with inclusive sum of remaining event: “best B”
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Plots of preliminary results - B°
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Plots of preliminary results - B*
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Preliminary results

BY — D*~¢v Bt — D*0¢y
p2 1.293 £+ 0.045 £+ 0.029 1.376 £ 0.074 £ 0.056
Ri(1) 1.495 4+ 0.050 + 0.062 1.620 4 0.091 4 0.092
Ro(1) 0.844 +0.034 + 0.019 0.805 4+ 0.064 + 0.036
R i 2.153 4 0.011 2.072 + 0.023
B(B — D*¢tvy) (4.42 +0.03 + 0.25)% (4.84 +0.04 + 0.56)%
F(1) | Vo] x 103 344402410 350404422
X2 /n.d.f. 138.8/155 187.8/155
PX2 82.0% 3.7%

.
» Subsamples - Bt » Correlations - Bt
[m] = = =
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@ Result of discussions with theoreticians in Karlsruhe

@ Extract shapes of longitudinal and transversal helicity
amplitudes from a 2D fit

| L
0.25) Fi

@ Good agreement with parametrized result

(The statistical error is shown in these plots)

«O>» «F»r «
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Explicit test of the parametrization - Bt — D%/

@ Result of discussions with theoreticians in Karlsruhe

@ Extract shapes of longitudinal and transversal helicity
amplitudes from a 2D fit

|
e <L D>
|
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Explicit test of the parametrization - Bt — D%/

@ Result of discussions with theoreticians in Karlsruhe

@ Extract shapes of longitudinal and transversal helicity
amplitudes from a 2D fit

@ Good agreement with parametrized result

10° 10°

03~
2%  93F
= T i rr
0.25| i o02s5f i
E
02 02—
0.15) 015 I
L L
oA 01
|
I
.05 005
. . ! L
K] 12 3 14 15 5l 12 13 14 5
w

(The statistical error is shown in these plots)
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Signal reconstruction

@ Three signal cascades are considered

@ B — D7ty
e 77 — etwy

e D~ — DO~

e D° = Kr

@ B — D7ty
@ 7T — ﬁ’/,/

e D~ — D%~

e D’ — Kr

e B — D7ty

o 7t — ety

e D'~ — DOz~
o D° — Krr®

«O>» «Fr <




@ Three signal cascades are considered
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Observation of B® — D* rtu.

Signal reconstruction
@ Three signal cascades are considered J
@ BY -~ D¥rtu e BY — D rtv
e 7" — ety o 7" — ety
e D~ — D%~ e D~ — D%~
e D° = Kr o D° — Krr®
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Observation of B® — D* rtu.

Signal reconstruction
@ Three signal cascades are considered J
@ BY -~ D¥rtu e BY — D rtv
e 7" — ety o 7" — ety
e D~ — D%~ e D~ — D%~
e D° = Kr o D° — Krr®

e BO — D7ty
o 7t — 1ty

e D'~ — DO~

o D’ — Kr
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@ What about full
reconstruction?




@ Reconstruct second B
after signal

«0O)» «F»




@ Mpe =

E2

@ All tracks remaining after signal reconstruction = Biag
@ No selection of specific Biag channel
o AE = Etag — Epeam

@ Quality cuts similar to normal full reconstruction
A2
beam ptag

e Total event charge, small residual energy,

«0O)» «F»
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Full reconstruction

Inclusive B,y reconstruction
@ All tracks remaining after signal reconstruction = B,y

/ D
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Full reconstruction

Inclusive B,y reconstruction
@ All tracks remaining after signal reconstruction = B,y
@ No selection of specific Biag channel

| D
D)
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Full reconstruction

Inclusive B,y reconstruction
@ All tracks remaining after signal reconstruction = B,y

@ No selection of specific Biag channel

@ Quality cuts similar to normal full reconstruction
e AE = Etag — Epeam
@ Mpe = Egeam - ratzag

e Total event charge, small residual energy, ...

% \’/ é
: =4
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N /5 MeV/c?

Signal extraction
@ Excess of events seen
@ Extraction via unbinned maximum likelyhood fit to M;ag

@ Simultaneous fit to all channels, signal yield: N = 6072
@ B(B® — D 7tv) =2.027335(stat) + 0.37(syst)%

N/5 MeVic?

522 524 526 528 53

L L g1 3
527 521 522 523 524 525 526 527 528 529 53 o
M,ag[GeV/cz] My, [GeVic’] <o




@ Excess of events seen

@ Extraction via unbinned maximum likelyhood fit to M;ag

s 8
N/5 MeVic?

8

N/5 MeV/ic?

&

@

2.02 %

l -
0 001 002 003 004 005 008 E




@ Excess of events seen

@ Extraction via unbinned maximum likelyhood fit to Miag

N/5 MeVic?

@

531 522 523 524 525 526 527 528 529

2.02 %

l -
0 001 002 003 004 005 008 E
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Signal extraction

@ Excess of events seen
@ Extraction via unbinned maximum likelyhood fit to M;ag

@ Simultaneous fit to all channels, signal yield: N = 6072

all First observation
of BO»D* v

N/5 MeVic?

D
(W
e

EPS09 - Semileptonic b — ¢ Decays at Belle

3555 s e s
M, [GeV/c?]
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Results

Signal extraction
@ Excess of events seen
@ Extraction via unbinned maximum likelyhood fit to M;ag

@ Simultaneous fit to all channels, signal yield: N = 6072
@ B(B® — D*~rFv) = 2.027035(stat) + 0.37(syst)%

-
M First observation ™
0fBOD* Tv i
sk o

N/5 MeVic?

2.02 %

b b 5 -
827557 522 525 524 525 526 527 528 52 53 0 001 002 003 004 005 O00cMEEETI
BF

£
M, [GeV/c?]

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at EPS09 - Semileptonic b — ¢ Decays at Belle






Analysis strategy

@ Biay from hadronic modes

@ signal:
e Bt — Dty
e Bt — D0ty
e B -~ D 7tv
e B — D7ty

@ 7 — lvr

@ Determine R(D) = B(B—D*7v)

B(B—D*tv)
@ Use world average value for
B(B — D*lv)

Main Background
@ B— DMy

@ Suppression via gy cut
@ Contribution still sizeable

B’>Drv

- signal
- Din
-D'v
- other BG

! N P, (GeVic)®
¢

«0O0>» «Fr» «E» «E» =
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Investigation of B — D)7ty

Analysis strategy

@ Biay from hadronic modes
@ signal:

e Bt — DOrty

o Bt — D0ty

e B~ D7ty

e B — D*rtu

@ 7 — lvv
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Investigation of B — D)7ty

Analysis strategy

@ Biay from hadronic modes
@ signal:

Bt — DOrtu

B+ — D*OT+V

B — D 7tu

BO — D7ty

@ 7 — lvv

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at

Inclusive tag Hadronic tag Summary
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Main Background
e B— DMy

@ Suppression via g, cut
@ Contribution still sizeable |

B’—Dtv

- signal

-Din
-D'N
- other BG

-
&5
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Introduction

0000

Investigation of B — D)7ty

B — D*tTy,
000000000

Analysis strategy
@ Biay from hadronic modes

@ signal:
Bt — Drty

B — D7ty

@ 7 — lvv

B — D(*)T+Ug

Bt — D97ty

B — D7ty

@ Determine R(D)

_ B(B—D*tv)

= B(B=D*&)

@ Use world average value for

B(B — D*tv)

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at

Inclusive tag
0000

Hadronic tag Summary
0800 fole}

Main Background
e B— DMy

@ Suppression via g, cut
@ Contribution still sizeable |

B’—Dtv

- signal

-Din
-D'N
- other BG

| T
2D
| e
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2D fit to M?

mis

VS. EECL distribution

@ These distributions are sensitive to signal

@ |deal signal event: No unmatched energy in ECL!
@ B — D™ (v events give peak at

Events / 0.4 GeV2/c*
w N
o o

N
o
T

10}

M2

m

is

=0

0 2 4 & 8
M2 (GeVZ/c?)

Events /0.05 GeV

BT = D'y

+ data

-Dwv
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Signal extraction
2D fit to M2, vs. Egc, distribution

@ These distributions are sensitive to signal

@ Ideal signal event: No unmatched energy in ECL!

@ B — D")(v events give peak at M2, =0

mis

Summary
oo}

Events / 0.4 GeV2/c*
Events / 0.05 GeV

2 0 2 4 8 8 0 025 05 075 1
M2 (GeVZ/c?) E._..(GeV)

extral
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Obtained branching ratios Stat. sign.

-] b(B‘ — DOrty) = 1.5119%0 (stat) t95% (syst) + 0.15(norm)% @ 380
B(B* — D*0r*v) = 8.04983 (stat) 9% (syst) £ 0.22(norm)% @ 3.90
l(BO - D~ 7tw) = 1.011955 (stat) TS 13 (syst) £ 0.10(norm)% ® 260
@ B(B® — D*~rtv) = 25692 (stat) 43} (syst) £ 0.10(norm)% e

Data sample @ First evidence, Bt — D71l
@ 604.5fb"

@ So...

Deviation from Standard model predictions
@ Bt -~ Dty : 1.60,B° - D 7tv: 0.50
@ Measurements agree with the SM within the errors
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Fit results
Obtained branching ratios Stat. sign.
@ B(B+ — DOrtv) = 1511941 (stat) 424 (syst) + 0.15(norm)% @ 380
@ B(B+ — D*0rtv) = 3.04703 (stat) %49 (syst) £ 0.22(norm)% @ 3.90
@ B(B® — D-rtv) = 1.01+%4 (stat) %13 (syst) + 0.10(norm)% Lol
@ B(B° — D*—rtv) = 2561 (stat) 93 (syst) £ 0.10(norm)% (e
Data sample
@ 604.5fb~"

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at
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Fit results

Obtained branching ratios

@ B(Bt — DOrtu) = 1.51104 (stat)t0-24 (syst) + 0.15(norm)%

~0.39 Z019
@ B(B+ — D*0rtv) = 3.04703 (stat) %49 (syst) £ 0.22(norm)%
@ B(B° — D~ rtv) =1.011058 (stat) "% 13 (syst) + 0.10(norm)%
@ B(B° — D*—rtv) = 2561 (stat) 93 (syst) £ 0.10(norm)%
i i HF 0+,
Data sample @ First evidence, BT — Dr1v! J
@ 604.5fb"
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Introduction B — D*¢ty, B — D) rty,
0000 000000000
Fit results

Obtained branching ratios

—0.39 —0.19

—0.66 —0.47

—0.41 —0.11

@ B(B° — D*—rtv) = 2561075 (stat)T9-3! (syst) + 0.10(norm)%

—0.66 =0.22

Inclusive tag

0000

(Bt — DOrtv) = 1.51104 (stat)t9-24 (syst) + 0.15(norm)%

(Bt — D07ty = 3.0470:69 (stat) 1040 (syst) 4 0.22(norm)%
@ B(B° — D~ 7rtv) = 1.011248 (stat) *0-13 (syst) + 0.10(norm)%

(

Hadronic tag Summary
oooe oo

Data sample
@ 604.5fb~"

@ So ...

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at
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Introduction B — D*¢ty, B — D) rty,
0000 000000000
Fit results

Obtained branching ratios

@ B(B* — DOrtv) = 1511940 (stat) 28

@ B(B* — D*0rtv) =3.0470% (stat)T4%)
@ B(B* — D~ rtv) = 1.0110%8 (stat) $13(
@ B(B° — D*~7tv) = 256151 (stat) T3]

(syst) + 0.15(norm)%

Inclusive tag
0000

Hadronic tag
oooe

Summary
[e]e]

(syst) £ 0.22(norm)%
syst) & 0.10(norm)%
(syst) £ 0.10(norm)%

Data sample

@ 604.5fb !
(]

So .... charged Higgs?

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at
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Introduction B — D*¢Tvy B — D(*)T’w Inclusive tag Hadronic tag

Fit results
Obtained branching ratios

@ B(B+ — DOrtv) = 1511941 (stat) 424 (syst) + 0.15(norm)%

@ B(B+ — D*0rtv) = 3.04703 (stat) %49 (syst) £ 0.22(norm)%

@ B(B° — D~ rtv) =1.011058 (stat) "% 13 (syst) + 0.10(norm)%

@ B(B° — D*—rtv) = 2561 (stat) 93 (syst) £ 0.10(norm)%

Data sample
@ 604.5fb' J ,
Blm @ So .... charged Higgs?

Deviation from Standard model predictions
@ Bt -~ DOty : 160,B° - D 7tv: 0.50

@ Measurements agree with the SM within the errors

Summary
[e]e]

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at EPS09 - Semileptonic b — ¢ Decays at Belle



u]
8]
'

n
e







2

B°

Ry (1)

Ra(1)

Bt
1.293 + 0.045 £ 0.029 1.376 + 0.074 £ 0.056
1.495 + 0.050 + 0.062

1.620 & 0.091 =+ 0.092
0.844 + 0.034 + 0.019
F(1) | Vgp| x 108

0.805 + 0.064 + 0.036
34.4+02+1.0 35.0+0.4+2.2
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B°

Bt

2

Ri(1)
Ra(1)
F(1) | Vgp| x 108

1.293 + 0.045 £ 0.029

1.495 + 0.050 + 0.062

0.844 + 0.034 + 0.019
34.4+02+1.0

1.376 + 0.074 £ 0.056

1.620 + 0.091 £ 0.092

0.805 + 0.064 + 0.036
35.0+04+22

@ Similar, new measurement of B almost ready




Introduction B — D*0Tyy B — D(*)T’W, Inclusive tag Hadronic tag
0000 000000000 0000 0000

B° — D*~¢*v and B* — D*0¢/+y at Belle

B° Bt
02 1.293 +0.045 +0.029  1.376 = 0.074 = 0.056
Ry(1) 1.495 + 0.050 + 0.062  1.620 + 0.091 + 0.092
Ry(1) 0.844 - 0.034 4 0.019  0.805 4 0.064 + 0.036
F(1) | Vgp| x 103 34.4+02+1.0 35.0 + 0.4 £ 2.2

Observation of B — D*~r+v,. Decay at Belle
@ Similar, new measurement of B almost ready

B — D%)r*y, - hadronic tag

B(BY — DOrtv) = 1.51704 (stat) 2% (syst) & 0.15(norm)%
B(BY — D*rtv) = 3.0470,%% (stat) 042 (syst) & 0.22(norm)%
B(B® — D= rFv) = 1.017048 (stat) 18 (syst) & 0.10(norm)%
B(B® — D*~ 7t v) = 2.56707% (stat) 48] (syst) & 0.10(norm)%

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at
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Thanks for your attention!
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Semileptonic b — ¢ Decays at Belle J

Wolfgang Dungel

Institute for high energy physics
Austrian Academy of Sciences

on behalf of the Belle collaboration

EPS HEP 2009,

ko July 17, 2009

Austrian Academy
of Sciences
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The Belle Collaboration

'y »)Y International Collaboration: Belle
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The Belle Detector

Aerogel Cherenkov cnt.

SC solenoid n=1.015~1.030

1.5T ‘H\ T 4 3. Eeinci
CsI(Tl) —— 1 5 7 e /’ __
IGXO - = ] 5 7
e e Angﬁ/
TOF counter -
‘/f - . = |
3 G = NG| = Cemral Drift Chamber

\small cell +He/C,H;

Sivtx. det. / u/ K; detection
3(4) Iyr. DSSD 14/15 lyr. RPC+Fe

e D
=

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at EPS09 - Semileptonic b — ¢ Decays at Belle



Efficiency

A

Purity

Only signal reconstructed
High efficiency

Good statistics, clean events
Kinematics not fully determined

Kinematics fully determined
Low statistics
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Efficiency

A

Purity

@ Only signal reconstructed

@ High efficiency




Appendix
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B — D*—¢tu

Bt — D*0pty Hadronic Tag
o]

000000000000 00 0000000000000 0

Tags at Belle

Efficiency

A

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at

\

Purity

Untagged
@ Only signal reconstructed
@ High efficiency

Semileptonic tag
@ Good statistics, clean events
@ Kinematics not fully determined

Full reconstruction tag
@ Kinematics fully determined
@ Low statistics
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Nobel prize 2008

2008 F/—NIVWBBFESHE | V|
a

4

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at

Bt — D*0pty
000000000000 00

Hadronic Tag Title
o o
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00000 @0000000000000 000000000000 00

HFAG average, Summer 2008

Hadronic Tag Title
o o

— 45
< 2
o Ayx=1 CLEO
=
_,_S [
>
X 40
~ x4y
—
s
f Qatt Eeen.)
PAL
8)&11. reco.)
/AVERAGE
35 BABAR (Global Fit)
ALEPH BABAR (D*0)
L BABAR (excl.)
BELLE
HFAG
301~
F/dof = 30/21
. | . | . | . |
0 0.5 1 1.5 2
2
Y
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HQET and parametrization

Helicity amplitudes
o Hy = fi(w)ha (W) (1 + %mm)

o Ho = fo(w) ha,(w) (1 + k(1 - H2<W>))

mg

Parametrization by CLN

@ ha, (W) = ha, (1) (1-8p2z+(53p%—15)z% — (23192 —91)23)

7 — VWil V2
VwH1+v2

@ Ry(w)=Ry(1) —0.12(w — 1) + 0.05(w — 1)?
@ Ro(w) = Ry(1)+0.11(w —1) — 0.06(w — 1)?

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at
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Resolutions in kinematic variables

& w, using all analysis cuts, [12761 entries] | Evfes T}l {cos®, using all analysis cuts, (12781 entries)  [Ewes e
| A |

2500 B ao00f- .
3500 U
2000~
a0
'
1500~ X 2500
2000
1000~ 15001
1000
so0f-
so0f-
1 1 AT i L L L et 1 L L L
<7 <z g oz T T I
sw,(1] 5 cos, (1F
3 cos 6, using all analysis cuts, [12781 entries L ik 5, using all analysis cuts, [12781 entries. b T
i SN sy e | 1] (G o] [ Sxishoatany E 11 [ S
a000f
4000 |-~ ks i
aso0f- 2500
ao00f-
2000/
2500
2000 1500/
1s00f- oo
1000 F-
s00
so0f-
S 1 S R EE R R R |
5 cbwo, L1 e

@ Resolutions are approximately double gaussians
@ Almost identical for B° and B*

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at
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Resolutions in kinematic variables

[_8w, using all analysis cuts, (12781 entries] |’ & cos §, using all analysis cuts, (12781 entries] |
Gaueat_mon
2500 e
3s00f-
2000~
000
1500f- 2500F-
2000
Lle 1500~
1000
s00f-

soof-

| n n | | | . , " ,

EX B g . (X) B R

5, using all analysis cuts, (12781 entries
3000
2500F
20001
1500F-
1000~
s00f—

- S )

50,
sul°)

@ Resolutions are approximately double gaussians
@ Almost identical for B° and B+

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at EPS09 - Semileptonic b — ¢ Decays at Belle
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Resolutions in kinematic variables

[_8 w, using all analysis cuts, [12781 entries] _Ju 5786/20 5 cos f, using all analysis cuts, (12781 entries] | 1512/3
erlE P Constant 19394255 e T Constant wuTises
Moan 0002685 = 0.000231 3 Mean 00072222 0.000506
as00f-
2000 Sigma 0.02535:+0.00024 Sigma 005181000072
000
1500~ 2s00E
2000F
1000 1s00F
1000
soof
soof-
n n n | | ] T A | . .
En 3z g 63 o I A
Bw (1) 5 cos, (13

[_8 cos 8, using all analysis cuts, [12781 entries] | 1% (8, using all analysis cuts, (12781 entries] Joqr 2087197
constant anat+ 550 3000~ onstant 75 387
et | Gonstant 2075+ 38
Mean 00008857 00004329 Mean  0.04574 +0.06255
3s00F- 25000
Sigma oow7e- n0oods Sigma 6468 0085
000
20000
2500F
e 1800,
1800 (e
1000
soof-
so0f-
flrsiro | S fvcrt . , . N | ,
E I e T T B I I I R R
scosa, (1 3107

@ For easier comparison: Gaussian assumption
@ 6, = 0.025, Goosg, = 0.052, bcosg, = 0.047, 5, = 6.47°

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at EPS09 - Semileptonic b — ¢ Decays at Belle
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Color scheme

Data, OnRes - Cont
Signal

MC background, D**

MC background, Uncorr.
MC background, Sig.corr.

MC background, Fake |

1INlE

MC background, Fake D*

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at EPS09 - Semileptonic b — ¢ Decays at Belle
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Background investigation

Investigated using MC Off-resonance data
e Fake D* @ Continuum: g decays

Fake Lepton

o

@ Uncorrelated

® B— D"(v,B— D'Xtv T
()]

Signal correlated :

[RENREE
[RERRRE

HMCMLL, TFractionFitter
@ Determine norm of MC components from fit to data
@ Use one dimensional distribution cos 6z p-,
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TFractionFitter result - K37, e sample

6000 [D°sKnrml=¢e] o
5000
4000

3000

2000

NTIllllTll{Ill]IIIlTllllll

1000~

T

T

cos 0

=} = = = == DA
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Background and signal purity
Fractions of the components
sample Kr, e Km, K3m, e K3m,
signal (80.95 + 1.06)% (80.92 & 0.98)% (7317 £ 1.71)% (72.22 + 1.46)%
D** (4.73 £ 0.87)% (1.24 £ 0.85)% (5.21 £ 1.18)% (2.85 4+ 1.10)%
uncorrelated | (5.36 & 0.27)% (4.38 £ 0.29)% (5.42 £ 0.58)% (4.17 £ 0.54)%
correlated (1.69 + 0.26)% (2.42 £ 0.28)% (2.04 £ 0.69)% (2.25 4 0.59)%
fake ¢ 0.68 % (fixed) 3.62% (fixed) 0.72% (fixed) 4.04% (fixed)
fake D* 2.96% (fixed) 2.91% (fixed) (8.78 + 2.63)% (9.63 £ 2.15)%
continuum 3.62% (fixed) 4.51% (fixed) 4.81% (fixed) 4.87% (fixed)
v

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at
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Covariances between bins of the marginal distributions

Covariances
COV,’j = COV(I’I,’, nj) =N- (Pij — Pipj) , Vi 75j

@ N: Total number of events
@ nj: Bin content of the bin (/, j) of 2d histogram

@ ng: Bin content of the bin k of a 1d histogram
n

@ Py = WX
Special cases

@ Independent variables: p; = pjp; — Cov;j =0

@ Perfect anti-correlation: nj = 0 — Cov;; <0

D

@ Positive correlation: p; > pjp; — Cov; >0 <>

BELLE
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Bt — D*0pty
000000000000 00

Results for all subsamples

Hadronic Tag
o]

Fit results for all subsamples and the total sample

Title
o]

sample Km, e Km, K3m, e

p2 1.329 + 0.072 £ 0.017 1.221 4+ 0.075 £ 0.046 1.238 + 0.133 £ 0.053
Ry (1) 1.455 4+ 0.077 £ 0.046 1.608 4+ 0.087 £ 0.099 1.085 4+ 0.125 £ 0.044
Ry (1) 0.782 4+ 0.055 + 0.014 0.853 4 0.055 + 0.027 0.980 4 0.087 + 0.027
RK3m /K 2.153 (fixed) 2.153 (fixed) 2.153 (fixed)
B(BO) 4.43 £0.03 + 0.25 4.41 £0.03 + 0.26 4.42 +£0.04 +0.25
F(1) | Vep| 34.3+0.441.0 33.5+0.441.0 35.6+0.8+1.3
X2 /n.d.f. 29.2/36 37.4/36 19.2/36

PXZ 78.2% 40.4% 99.0%

sample K37, total sample

0° 1.436 + 0.121 £ 0.062 1.293 + 0.045 + 0.029
Ry (1) 1.643 + 0.163 £+ 0.112 1.495 + 0.050 + 0.062
Ro(1) 0.842 4+ 0.105 + 0.038 0.844 4+ 0.034 £+ 0.019
R /K 2.153 (fixed) 2.153 + 0.011
B(B°) 4.47 +0.04 £+ 0.26 4.42 +0.03 £ 0.25
F(1) | Vgp| 35.6 £0.7+1.3 34.4+0241.0
X2 /n.d.f. 17.9/36 138.8/155

P2 99.5% 82.0%

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at
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Bt — D*0pty

0000000000000 0

Preliminary systematic error

Hadronic Tag
o]

Title
o]

2 R()_ R() BB F()|Vel
Stat. error 0.050 0.060 0.043 0.030 0.22
D** 0.015 0.038 0.011 0.051 0.25
Uncorr. 0.009 0.028 0.002 0.003 0.04
Sig.corr. 0.003 0.003 0.007 0.028 0.14
Fake ¢ 0.020 0.037 0.009 0.002 0.04
Fake D* 0.012 0.011 0.009 0.034 0.33
Continuum | 0.003 0.008 0.000 0.001 0.02
Trk., det.eff. - - - 0.221 0.86
B (D% - - - 0.081 0.31
B(D*) - - - 0.033 0.13
BO life time - - - 0.026 0.10
Ngg - - - 0.036 0.14
fy— /f06 0.003 0.011 0.005 0.001 0.04
Syst. error 0.029 0.062 0.019 0.251 1.04

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at
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Correlations
Correlations between the fit parameters
Correlations

Parameters Global p? R(1) Ry(1) Rkar /Kkn

F(1)|Ve| | 0.99168 0.635 -0.285 -0.220 0.011

P2 0.99732 0.388 -0.870 0.040

Ry (1) 0.95366 -0.511 0.001

R>(1) 0.99342 0.002

Riar /Kr 0.41362

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at
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Color scheme

—— (OnRes - Continuum) data
Signal
B MC background, Sig.corr.
B VC background, D**
MC background, Uncorr.
MC background, Fake Lepton
B MC background, Comb D*

MC background, Fake D°

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at EPS09 - Semileptonic b — ¢ Decays at Belle
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Background investigation

Investigated using MC Off-resonance data

@ Fake D° @ Continuum: qg decays

@ Combinatoric D* -

@ Fake Lepton i : N
:#J\ E_

o UnCOI’Fe|ated Lo e anar Tl S

® B— D*(v,B— D*Xtv =TT D —

@ Signal correlated S |-

HMCMLL, TFractionFitter
@ Determine norm of MC components from fit to data
@ Use 2D distribution cos 6go p-, vS. Am

Title
o]

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at EPS09 - Semileptonic b — ¢ Decays at Belle
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Plot of TFractionFitter result - D° — K7 modes

9000

D’ >Kmé=e

800

5
8

8 8 8
aman

6001
5000

4000
3000
2000

s 8

ST

1000

%.136 0.138 0.14 0.142 0.144 0.146 0.148 0.15 0.152 0.154 0.156 0.158
B,D*I Am

7000
6000
5001

3000
2000

1000

©.136 0138 0.14 0.142 0.144 0.146 0.148 0.15 0.152 0.154 0.156 0.158

2 >4
cos em Am

=} = = = == DA
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Am
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Title
o]

Hadronic Tag
o]

Background and signal purity

Fractions of the components

Km, e K, p K3m, e K3, p
Raw yield 13035 12262 16989 16350
Signal events 8133 + 205 7447 + 201 5987 + 229 5539 + 222
Signal (62.39 £+ 1.57)% (60.73 £+ 1.64)% (35.24 + 1.35)% (33.88 + 1.36)%
Signal correlated (1.27 £ 0.31)% (1.46 + 0.32)% (1.16 + 0.26)% (1.34 + 0.31)%
D** (0.77 £ 0.98)% (0.73 + 0.98)% (0.39 + 0.50)% (0.36 + 0.47)%
Uncorrelated (4.97 £ 0.54)% (4.25 + 0.45)% (3.48 £ 0.41)% (3.30 + 0.38)%
Fake ¢ (0.31 £ 0.10)% (1.94 + 0.59)% (0.18 + 0.06)% (0.95 + 0.29)%
Combinatoric D*© (24.76 £+ 0.51)% (24.30 £ 0.48)% (16.35 £ 0.69)% (15.19 £ 0.67)%
Fake D° (2.91 £ 0.25)% (3.12 £ 0.23)% (38.53 £ 0.50)% (39.45 + 0.51)%
Continuum (2.63 £ 0.43)% (3.46 + 0.51)% (4.68 + 0.50)% (6.14 + 0.56)%

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at

< Back to overview page

EPS09 - Semileptonic b — ¢ Decays at Belle



Bt — D*0pty,
00000e00000000

B — D*—¢tu
000000000000 00

Appendix
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Results for all subsamples

Hadronic Tag Title
o o

D — Knt=e

DO S Kn,t=p

D" - K3m,t=e

2
P

Ry (1)

R (1)

Rk3n /Kkn

BBt — D*00tuy)
F(1)|Vep| x 10°

1.199 + 0.125 + 0.051
1.507 £ 0.135 £ 0.095
0.868 =+ 0.093 + 0.036
2.072
4.91 4+ 0.05 + 0.58
343+ 06 +22

1.370 &+ 0.129 + 0.057
1.568 + 0.158 + 0.089
0.839 £ 0.110 £ 0.032
2.072
4.77 + 0.05 £+ 0.57
3504+ 0.6 £23

1.723 £ 0.162 £ 0.062
1.840 £ 0.271 £ 0.110
0.585 £ 0.198 + 0.049
2.072
4.83 4+ 0.07 £ 0.57
365+ 1.0+ 24

X2 /ndf. 48.3/36 40.6/36 39.6/36
P 5 8.3 % 27.5% 31.3%

Do — K3m, £ = p Fit to total sample
02 1.434 + 0.209 + 0.086 1.376 + 0.074 + 0.056
R (1) 1.813 4+ 0.273 + 0.107 1.620 £ 0.091 £ 0.093
Ro(1) 0.764 4+ 0.191 £ 0.052 0.805 + 0.064 + 0.037
Rx3r /Kn 2.072 2.072 + 0.023

BBt — D*00tuy)
F(1)|Vgp| x 103
X2 /ndf.

P 2

4.83 4+ 0.07 £ 0.58
348 +1.0+23
44.2/36
16.3 %

4.84 +0.04 £ 0.57
350+04+22
187.8/155
3.7 %

D
=2
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Breakdown of the preliminary systematic error

Hadronic Tag
o]

Title
o]

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at

o A1) R(l)  F(M)IVel x10°  B(B™ — DT wy)

Value 1.376 1.620 0.805 34.98 4.841
Statistical Error 0.074 0.091 0.064 0.37 0.044
7rg & tracking 0.027 0.025 0.012 1.97 0.491
LeptonID 0.012 0.024 0.011 0.39 0.096
Norm - Signal Corr. 0.007 0.002 0.007 0.13 0.038
Norm - D** 0.005 0.023 0.002 0.04 0.041
Norm - Uncorr 0.014 0.074 0.025 0.28 0.023
Norm - Fake ¢ 0.017 0.028 0.010 0.05 0.024
Norm - Comb D*© 0.008 0.014 0.008 0.11 0.028
Norm - Fake D° 0.009 0.014 0.007 0.06 0.020
Norm - Continuum 0.004 0.005 0.001 0.00 0.003
Shape - Uncorr 0.014 0.003 0.005 0.10

Shape - Comb D2 0.027 0.005 0.008 0.21

Shape - Fake D° 0.024 0.003 0.008 0.17

B(D® — Kr) 0.32 0.089
B(D** — D°x0) 0.82 0.227
B life time 0.12 0.033
N(T(4S)) 0.14 0.040
fr— /foo 0.003 0.006 0.003 0.15 0.043

D
=2
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Correlations

Correlations between the fit parameters
@ Table shows statistical/systematic/total correlation coefficients

vy

F(1)| Vel e Ri(1) Ro(1)
F(1)[Vep| 1.000 0.455/0.399/0.295 -0.222/-0.219/-0.179 -0.054/-0.024/-0.019
p? 1.000 0.648/ 0.413/ 0.540 -0.889/-0.751/-0.841
Ry (1) 1.000 -0.749/-0.873/-0.763
Ro(1) 1.000
v

e D
=
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000000000000 00

Check of ',

Bt — D*0pty
000000000000 e0

Hadronic Tag
o]

DOHK‘K,Z:e D0—>K7r,l:u

% we(1,13) (1.025 £ 0.119 & 0.120 ) x 10— 4 (1.176 & 0.146 & 0.137 ) x 10— 4
% we (2,70 (1.544 £ 0.165 & 0.176 ) x 104 (1.689 & 0.177 +0.192)x 10~ 4
r% we (Z,13) | (2288+0.213+0.237)x10~* (2121 £ 0.216 4+ 0.238) x 10— *
rwe (15,8 (2.677 + 0.244 + 0.268 ) x 10— * (2.059 & 0.240 & 0.228 ) x 104
r we (§,17) (2.406 + 0.235 + 0.256 ) x 10— (2.426 + 0.263 + 0.263 ) x 10~
r% we (1£,1.5) | (2907 4 0.250 + 0.301 )x10—* (2.384 + 0.273 + 0.278 ) x 10—
fit to total sample central value of parametrized fit

% we (1, 13) (1.087 4 0.092 4 0.123 ) x 104 1.062 x10~*

% we (,1) (1.611 £ 0.121 £ 0.179)x 10~ 4 1.812 x10~4

% we (Z,13) (2.186 4+ 0.151 £ 0.238 ) x 10~ * 2175 x10~*4

% we (13,8 | (2406+0172+0.262)x10* 2.379 x10~*

% we (g, 1) (2.421 4+ 0.175 £ 0.258 ) x 10— * 2.483 x10~4

r% we (12,1.5) | (2683 £ 0.186 + 0.298)x10—* 2514 x10~4

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at
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B — D*— ¢ty
000000000000 00

Check of 't

Bt — D*0pty

000000000000 0e

Hadronic Tag Title
o o

D° - Knt=e

DOHK‘K.Z:;J,

rmowe@, ) 2.267 + 0.153 + 0.264 ) x 10— (1.939 + 0.152 + 0.228 ) x 10—
rmowe (2,0 2.695 =+ 0.214 =+ 0.307 )x 104 (3.015 4 0.216 4+ 0.348 ) x 104
rMowe (Z,13) 2786 & 0.253 £ 0.310 ) x 10— * (2.678 £ 0.261 + 0.299) x 10—*
rmowe (15, 9) 2.298 + 0.249 =+ 0.246 )x 10~ (2.673 4+ 0.295 4+ 0.290 ) x 104
rmowe (8,10 1.557 -+ 0.242 + 0.162 ) x 10~4 (1.369 =+ 0.250 + 0.144 )x 10—
rmwe (1Z,15) 0.588 + 0.205 + 0.056 ) x 10—+ (0.862 + 0.284 + 0.099 ) x 10~

fit to total sample

central value of parametrized fit

GRS
= R oo ¥l i

SI< 2 Rl 2
oo TTT

(2117 £ 0.108 + 0.248 ) x 104
2.865 + 0.152 + 0.327 )x 10— %
2.732 4+ 0.181 4 0.303 )x 10—*
2.454 + 0.191 + 0.263 ) x10—*
1.468 + 0.174 + 0.154 ) x 104
0.693 =+ 0.170 + 0.070 )x 104

1.975 x10~*
2.908 x10—*
2819 x10—*
2276 x10— 4
1.478 x10~*
0.547 x10—*

Wolfgang Dungel, dungel (at) hephy.oeaw.ac.at
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00000 000000000000 00 0000000000000 0

Systematics
Source DOt u[%] D*Ortu[%] D—7tv[%] D*—rtv[%]
M2, shape +9.10/-7.89  +9.86/-10.7  +6.39/-5.78  +5.80/-6.12
EECL shape +10.6/-7.58  +7.01/-9.78  +9.03/-7.27  +9.84/-4.97
D** v +0.35/-0.41  +0.75/-0.02  +4.50/-2.56  +0.58/-0.28
D < D* cross feed | +7.05/-6.86  +5.12/-5.34  +5.77/-6.01  +3.48/-3.37
B(r — twv) +0.3 +0.3 +0.3 +0.3
Total +15.7/12.9  +13.2-154  +13.3/-11.4  +12.0/-8.58
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