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Why |Why |VVubub| with exclusive decays  ??| with exclusive decays  ??

>> Most precise |Most precise |VVubub| measurements to date: inclusive B| measurements to date: inclusive B-->>XXuullνν

§§ ““TensionTension”” with constraints from UT angles  (e.g. sin2with constraints from UT angles  (e.g. sin2ββ) .) .

§§ Large uncertainty on |Large uncertainty on |VVubub|  from|  from theory !!
ΓΓ(b(b-->>clclνν )=50)=50×× ΓΓ(b(b-->>ululνν ) ) --> tight kinematical cuts > tight kinematical cuts 

--> difficult treatment of the Fermi motion of the b inside the B.> difficult treatment of the Fermi motion of the b inside the B.

=> Need an alternative approach: exclusive decays !=> Need an alternative approach: exclusive decays !
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||VVubub| from Exclusive | from Exclusive BBààXXuullνν Decays Decays (XXuu== ππ,,ρρ,,ηη , , ηη ’’,,……)

> Theory: more difficult to describe a specific final state an inclusive one

Evaluation of the Evaluation of the ƒƒ++(q(q22)) Form Factor (FF): Need Form Factor (FF): Need theotheo. calculations. calculations

§ LQCD (q2 > 16 GeV2):  HPQCD[1], FNAL[2]

§ LCSR (q2 < 16 GeV2):    Ball-Zwicky[3]

§ quark model : ISGW2 [4]

§ Extrapolation to the full q2 range:

Ex: Becirevic-Kaidalov (BK) parameterization 

--> > unquenched LQCDunquenched LQCD / / LCSRLCSR: : σσthth now down to ~now down to ~12% !! 12% !! ( ( >16>16 / / <16<16 GeVGeV22 ))

--> But need more to reach the same precision as inclusive decays.> But need more to reach the same precision as inclusive decays.

Experiments can help Experiments can help --> constraint on the FF shape> constraint on the FF shape [1] Gulez & al, hep-lat/0601021
[2] Okamoto & al, hep-lat/0409116
[3] Ball & al, hep-ph/0406232
[4] Scora & al, hep-ph/9503486
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Tagged and untagged analysesTagged and untagged analyses

UntaggedUntagged HadronicHadronic tagtagSemileptonicSemileptonic tagtag

cleanclean samplesample

Purity

Efficiency

+
+

*tag side: B->D(*)+(π±,K±), full reco.  
(~1000 modes)

*Well defined event : full knowledge  
of  kinematics, charge, flavor.

*Only one neutrino : precise  
reconstruction of m2

miss ,q2

High signal statistics, High signal statistics, 

More sensitive to More sensitive to 

Background simulation Background simulation 

*tag side: B->D(*)lν

D0->K-(π+, 3πππ, π+π0), 
K0

s π
+π- ; 

D+-> K- 2π ;

D(*+)->D+/0π0/+

*tag-B kinematics 

incomplete: 2 ν
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Once a BB event is tagged by finding a Once a BB event is tagged by finding a BBtagtag ……

>> Select BSelect Bààππ llνν signal in the recoil of signal in the recoil of BBtagtag::

§ Only one π-l pair,  pe(pµ ) > 0.5(0.8) GeV

§ No other tracks, small residual energy

>> BBààππ llνν extracted in 3 qextracted in 3 q2 2 binsbins

hadr. tag: 

-q2=(pl+pmiss)
2, pmiss= pY(4S)–pBtag– pπ – pl=pν

-mES fit in m2
miss bins to subtract combinatorics/ non BB

-Nsig = (data – Backgrounds from MC), 

MC rescaled with m2
miss sideband

½-lep. tag: 

-q2=(mB- Eπ)
2 -|pπ|

2 ( hypo: B at rest in Y(4S) frame) 

-Fit to cos2ΦB

(<1 for clean signal

events where only 

the ν are undetected)

BBààππllνν , , HadronicHadronic and and semileptonicsemileptonic TagsTags

Nsig = 31± 7 (B0)
= 26 ±7 (B+)

Nsig = 57± 7 (B0)
= 92±7  (B+)

211 fb-1 , hep-ex/0607089
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> weighted averages + isospin symmetry: Γ(B0->π-l+ν )=2Γ(B+->π0l+ν )  

Combine Combine HadronicHadronic & & SemileptonicSemileptonic Tags, BTags, B++ & B& B00

∆BF(          )       ∆BF(           ) BF

> Limited by statistics ! 

> Largest systematics:

§ hadronic: mES fit, neutral and µ reconstruction

§ 1/2leptonic: Btag efficiency, cos2ΦB shape for backgrounds

§ both: BF & FF of semileptonic backgrounds

LCSR

HPQCD

FNAL
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Untagged BUntagged B00-->>ππ --ll++νν , loose , loose νν --reconstructionreconstruction

> Novel technique ! No tight No tight νν --reconstruction cuts : reconstruction cuts : Signal Yield Signal Yield ++ Purity Purity --

§ π-l pair (tight identification criteria)

§ Cuts optimized as a function of q2

σ=0.53 GeV2

Corrected by an   
unfolding procedure   

In the Y(4S) frame:  

|pB|= nominal from 

4-mom. conservation

+

average over arbitrary azimuth 

Φ, Φ+90°, Φ+180°, Φ+270°

206 fb-1 , hep-ex/06xxxxx

~4 times more than in the 
previous untagged analysis 
(PRD72, 051102)q2=(pB-pπ)

2 : 

“Y-average frame” method 

(pY = pπ+pl )

9.8%

6.7%

S
ig

n
a
l 
E
ff

ic
ie

n
cy
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BB00-->>ππ --ll++νν , loose , loose νν , Signal Yield Extraction , Signal Yield Extraction 

>> 2+1  (2+1  (∆∆EE,m,mESES ; q; q22) extended binned max. likelihood fit) extended binned max. likelihood fit

>> Finds Finds 1919 scaling factors to be applied to MC histograms to fit datascaling factors to be applied to MC histograms to fit data

> Continuum fixed, corrected to match the
off-resonance data control sample (27fb-1)

> Signal Yields: 367 to 523 depending on q2

Total = 5072 

χ2 = 423 for 389 d.o.f

Fit the background normalization as a function of q2

-> Reduce syst. error from BF & FF

12

3

4
-0.16<∆E <0.20 GeV

mES >5.272 GeV
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Results:     |Results:     |VVubub| & Form Factors| & Form Factors
-∆BF in 12 q2 bins, 
stat. & syst cov. mat.  also measured

BF= 1.46 ±0.07stat ± 0.08syst

-BK fit to the data:

α = 0.52 ± 0.05 ± 0.03  
|Vubf+(0)| =(9.6 ± 0.3 ± 0.2 )×10-4

-Data/th. Calculations comparison, P(χ2)
BK fit    0.65  HPQCD  0.67
FNAL    0.45   LCSR    0.41 
ISGWII  0.0006 -> incompatible with data !

Dominant systematics: detector effects and continuum description
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Prospects: |Prospects: |VVubub|at|at Babar with 1/ab (end of 2008)Babar with 1/ab (end of 2008)

>> Reduction of systematic uncertaintiesReduction of systematic uncertainties
§ improved track and neutral reconstruction

§ better knowledge of b->ulν backgrounds (BF and FF)

§ systematics based on data/MC comparisons (loose-ν : continuum, tagged analyses: cos2ΦB shape) might 
be reduced with higher statistics.

Combined with ~5 times more statistics: Combined with ~5 times more statistics: 

4(7)2.5(3.2)4.5(7.5)4(5)2.5(5)25000untagged

B+ 450

B0 280

½ leptonic
tag

B+ 130

B0 150

Hadronic
tag

σ|Vub| (%)

q2>16 GeV2

σ|Vub| (%)

Full q2 range

σBF-tot (%)σBF-syst (%)σBF-stat(%)Nsigmethod

Expected uncertainties, in terms of B0->π -l+v (Combine Hadr. & ½ leptonic Tags, B+& B0  )

6(13) 6(8) 8.5(15) 4 (7.5) 7(13)

|Vub|=(4.1 ± 0.3 +0.6
-0.4)×10-3 -> (x.x ± 0.1 +0.6

-0.4)×10-3

Full q2 range Which reduction can we 
expect here ???
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>> BB-->(>(ηη , , ηη ’’) ) lvlv with a with a hadronichadronic tagtag
§ analogous to B->πlν

§ η ->γγ, π+π-π0, π0π0π0 /  η ’->ρ0γ (ρ0-> π+π-), η π+π

§ VERY LOW statistics

Other Channels:  BOther Channels:  Bàà((ηη ,,ηη ’’,,ρρ))llνν

46-24 
sig. events

>> Ready soon: BReady soon: B-->>ηη lvlv , untagged analysis, untagged analysis

>> Ready soon: BReady soon: B-->>ρρlvlv , untagged analysis, untagged analysis

§ In 3 q2 bins

§ Even with 1/ab, will be difficult to extract the full 4-D                       rate (54 bins !)

Would need help from th. : integrate over the angles ? FF ratios ?  

>> These measurements will yield a nice improvement of the experimeThese measurements will yield a nice improvement of the experimental ntal 
knowledge of these channels. Theoretical progress needed to fullknowledge of these channels. Theoretical progress needed to fully take y take 
advantage of this (|advantage of this (|VVubub| extraction, constraints on FF,| extraction, constraints on FF,……))

§ Existing model: Ball-Zwicky [3] (not for η ‘) ; Nothing (?) from LQCD…

§ Something new by the end of 2008 ?? 

316 fb-1 , 
slac-pub-11996

318 fb-1

318 fb-1
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>> Test of FF calculationsTest of FF calculations

>> |VVubub| from| from

Also on the way:  DAlso on the way:  Dàà((ππ,,KK))llνν
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SummarySummary

- 3 Analyses: 

- 2 measurements of BF(B-> πlν )

- 2 measurements of |Vub|   

Loose neutrino (with HPQCD):

World Average (HFAG, HPQCD )

Average (HFAG, BNLP)

|Vub|= (3.93±0.26+0.6
-0.4)×10-3

|Vub|= (4.49±0.19±0.27)×10-3

Babar, End of 2008 ?

|Vub|= (4.1±0.2±0.2+0.6
-0.4)×10-3

Precision similar to inclusive |Vub | ??

|Vub|= (4.1±0.1+x.x
-x.x)×10-3



12/14/2006 Benoit VIAUD,  CKM workshop, Nagoya 14

BackBack--upup
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Theoretical side: on going workTheoretical side: on going work……

>> Extend FF calculations to the full qExtend FF calculations to the full q22 rangerange
§ moving NRQCD

> non relativistic description of the b quark in a moving frame of reference (instead of B frame).

B and π in opposite directions.

§ parameterization of the FF shape (Becher & Hill, hep-ph/0509090 ;                                                    

Ball hep-ph/0611108, …)

Unitarity ->
Heavy quarks,
B(πlv) in powers 
of Λ QCD/mB

->

Theoretical constraints + shape from data -> very precise knowledge of the shape. 

exact treatment Discretize this (k is small)

K.Y Wong, LAT06



12/14/2006 Benoit VIAUD,  CKM workshop, Nagoya 16

Theoretical side: on going workTheoretical side: on going work……
>> Potential reduction of theoretical uncertainties: on going work Potential reduction of theoretical uncertainties: on going work in LQCDin LQCD

§ improved matching between LQCD and continuum QCD (2-loops calculations or 
fully non-perturbative)

§ improved extrapolation to physical light quark masses (χPT) 

§ smaller lattice spacings

§ various types of actions (in addition to improved staggered AsqTad action, 
presently used by the FNAL and HPQCD calculations we use).

§ What else ??

=> We need => We need σσthth to drop from ~13% to ~6% to reach a precision to drop from ~13% to ~6% to reach a precision 

similar to inclusive Bsimilar to inclusive B-->>XXuulvlv decays:decays:

Can we hope it will be so by the end of 2008 ?? Can we hope it will be so by the end of 2008 ?? 

|Vub|= (x.x±0.1+0.3
-0.2)×10-3 |Vub|= (4.49±0.19±0.27)×10-3

Inclusive (Average from HFAG, BNLP)Exclusive, end 2008 ??
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Leading Leading systematicssystematics (%) (detector and Continuum)(%) (detector and Continuum)

2.32.33.23.22.62.610.210.21.51.520.320.3Continuum Continuum 
shapeshape

1.01.01.61.61.01.0440.60.677Continuum Continuum 
YieldYield

3.93.94.64.64.54.513.813.85.05.08.68.6Tot Detector Tot Detector 
& K& K00

LL

2.92.93.63.62.62.67.07.02.62.677PIDPID

1.31.31.41.41.21.22.82.81.61.60.90.9KK00
LL & & 

neutronsneutrons

1.91.91.71.72.92.97.07.03.53.54.74.7γγ effeff

1.11.11.81.81.91.99.29.21.81.81.61.6TrkTrk effeff

TotalTotalq2>16q2>16q2<16 q2<16 2222--26.426.41212--141400--22qq22 bins (GeVbins (GeV22)  )  

5.75.77.87.86.36.327277.17.123.723.7TotalTotal
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Untagged BUntagged B-->>ππ ((ρρ)l)lνν , , νν --reconstructionreconstruction

>> Neutrino reconstruction from full event.  Neutrino reconstruction from full event.  
§ |m2

miss/2Emiss|<0.4 GeV : Improves recons. of

§ kinem. cuts on pl, ph : b->clν suppression

§ topological cuts: ee->qq suppression

>> BB--> > ππ ++,,ππ 00, , ρρ++, , ρρ0 0 ,l,lνν yields from  maxyields from  max--LH fit to LH fit to ∆∆E E ××mmESES in 5 (3) bins of qin 5 (3) bins of q22. . 
§ 4 modes simultaneously, assumes isospin symmetry 

76 fb-1, hep-ex/0507003
PRD-RC 72, 051102 (2005)4

>> SystSyst. Error dominated by . Error dominated by νν ––reconstruction reconstruction 
(tracks/neutrals) and background models. (tracks/neutrals) and background models. 

>> |VVubub| with B| with B-->>ππllνν + FNAL extrapolated to + FNAL extrapolated to 
full range with BK:full range with BK:BK fit to BK fit to BB-->>ππllνν datadata : : 

α = 0.61±0.09

((HPQCDHPQCD : : αα = 0.42,  = 0.42,  FNAL FNAL αα = 0.62 )= 0.62 )
3

0 . 8 8
| | ( 3 . 8 2 0 . 1 4 0 . 2 2 0 . 1 1 ) 1 0

0 . 5 2u b s t a t s y s t F F

L Q C D

V -
+

= ± ± ± ´
-
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>> Precise measurements of  |Precise measurements of  |VVubub| yield a | yield a 
stringent constraint on the description of stringent constraint on the description of 
CP violation by the Standard Model.CP violation by the Standard Model.

>> Complementary to sin2Complementary to sin2ββ

||VVubub||
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||VVubub| from | from BB›› XXuullνν DecaysDecays

>> Full decay rate:  clean access to |Full decay rate:  clean access to |VVubub| (OPE+HQE:  | (OPE+HQE:  σσthth< 5% !< 5% !))

( )
2 2 2 2

5

3 2

| | 3
1 . . . ( )

1 9 2 2
F u b G s

u b

b

V
B X l m O

m
G p

m m a
u

p p

é ù-
G ® = ´ - + -ê ú

ë û

( )( ) 1 . 6 1
| | 0 . 0 0 4 2 7 1 0 . 0 1 2 0 . 0 2 2

0 . 0 0 2u b

B

u
O P E H Q E

B X lB p s
V

n

t

®
= ´ ± ±

BUTBUT: difficult to measure: : difficult to measure: ΓΓ((bb›› clclνν )=50)=50×× ΓΓ((bb›› ululνν ) !!) !!

>> 11stst approachapproach: Inclusive selection, tight cuts : Inclusive selection, tight cuts (e.g. E(e.g. Ell>>EEcutcut ))

§§ |VVubub| from partial BF: || from partial BF: |VVubub|=|=  ((∆∆BF/BF/∆ζ∆ζ……) = ) = x.xxx.xx±±x.xxx.xx (world (world aveave))

§§ Most precise approach up to now, but Most precise approach up to now, but large contribution from large contribution from σσthth..

∆ζ∆ζ sensitive to the Fermi motion of the b inside the B (difficult sensitive to the Fermi motion of the b inside the B (difficult to evaluate)to evaluate)

--> good to have an alternative approach> good to have an alternative approach……

>> 22ndnd approachapproach: Exclusive decays: Exclusive decays
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>> Tag BB event with Tag BB event with BBtagtag: fully reconstructed : fully reconstructed 

hadronichadronic decaydecay

>> Select BSelect B›› ππ llνν signal in the recoil of signal in the recoil of BBtagtag::
§ one π l pair : pe(pµ ) > 0.5(0.8) GeV

§ No other tracks, Eres small

>> Full Full recoreco. of . of BBtagtag =>precise =>precise νν reconstructionreconstruction

§ ∆E, mES,, pmiss= pY(4S) – pBtag – pπ – p l ,  m
2
miss

§ q2=(p l+pν )
2 =(pl+pmiss)

2

>> BB›› ππ llνν extracted in 3 qextracted in 3 q2 2 binsbins
§ mES fit in m2

miss bins to subtract 

combinatorics/non BB events

§ other backgrounds: MC, rescaled with m2
miss sideband

>> ∆∆BF(BF(BB›› ππ llνν ) from the ratio of B) from the ratio of B--> > ππ llνν yields yields 
to Bto B-->Xl>Xlνν yields + BF(Byields + BF(B-->Xl>Xlνν ):   ):   σσsystsyst ˘̆

BB›› ππ llνν , , HadronicHadronic TagTag

Nsig = 31± 7

Nsig = 26± 7
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>> Tag BB event with Tag BB event with BBtagtag: : BB-->D(*)l>D(*)lνν

§ D0->K-(π+, 3πππ, π+π0), K0
s π

+π- ; D+-> K- 2π ; D(*+)->D+/0π0/+

§ mD , |pl| > 0.8 GeV, Dl vertex,…

>> Select BSelect B›› ππ llνν signal in the recoil of signal in the recoil of BBtagtag::

§ one π l pair : pl >0.8 GeV

§ no other tracks,  Eres small

> q2=(mB-Eπ)
2-|pπ|

2 (assume B at rest in Y(4S) frame)(assume B at rest in Y(4S) frame)

>> SignalSignal extraction: extraction: global event global event topology, 3 qtopology, 3 q22 binsbins
Fit to cos2Φ B : 

- simultaneous to data and MC, 

- MD sideband included to constrain  

combinatorial background

>> ∆∆BF(BF(BB›› ππ llνν ): ): εε from MC +data control samples from MC +data control samples 

§ events with 2 non-overlapping Btag’s

BB›› ππ llνν , , semileptonicsemileptonic TagTag

Nsig = 57± 13

Nsig = 92± 25
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Untagged BUntagged B00-->>ππ --ll++νν , loose , loose νν --reconstructionreconstruction

> Novel technique ! No tight No tight νν --reconstruction cuts : reconstruction cuts : Signal Yield Signal Yield ^̂ Purity Purity ˘̆

§ πl pair: tight π and l ID criteria, |pe(µ )|>0.5(1) GeV, |cosθBY|<1

§ Topology cuts to reduce non BB events.

§ Cuts optimized as a function of q2: Angle between Y and rest of event thrust axes,

pmiss polar angle and m2
miss , W helicity angle

§ Signal efficiency from 6.7%  to 9.8 %  (depending on q2)

> q2=(pB-pπ)
2 with the “Y-average frame” method

average over arbitrary azimuth Φ, Φ+90°, Φ+180°, Φ+270°

5

σ=0.53 GeV2

Corrected by an 
unfolding procedure
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Once a BB event is tagged by finding a Once a BB event is tagged by finding a BBtagtag ……

>> Select BSelect B›› ππ llνν signal in the recoil of signal in the recoil of BBtagtag::

§ Only one π-l pair, No other tracks, small residual energy

>> BB›› ππ llνν extracted in 3 qextracted in 3 q2 2 binsbins

hadr. tag: 

-q2=(pl+pmiss)
2, pmiss= pY(4S)–pBtag– pπ – pl=pν

-mES fit in m2
miss bins to subtract combinatorics/ non BB 

-other backgrounds: MC, rescaled with m2
miss sideband

-∆BF(B› π lν ) from the ratio of B-> π lν yields 

to B->Xlν yields + BF(B->Xlν ):   σsyst ˘

½-lep. tag: 

-q2=(mB- Eπ)
2 -|pπ|

2 ( hypo: B at rest in Y(4S) frame) 

-Fit to cos2ΦB

-∆BF(B› π lν ): efficiency from MC & data control samples 
(events with 2 non-overlapping Btag’s)

BB›› ππ llνν , , HadronicHadronic and and semileptonicsemileptonic TagsTags

Nsig = 31± 7 (B0)
= 26 ±7 (B+)

Nsig = 26± 7

Nsig = 57± 7 (B0)
= 92±7  (B+)
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few definitionsfew definitions……

In the Y(4S) frame:  

EB, pB= nominal values of the B  

energy and momentum,     

from 4-mom. conservation
pY = pπ+pl

|cosθBY| and |cos2ΦB| <1 if the ν ’s are the 
only undetected particles…
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BB00-->>ππ --ll++νν , loose , loose νν , Signal Yield Extraction , Signal Yield Extraction 

>> 2+1  (2+1  (∆∆EE,m,mESES ; q; q22) extended binned max. likelihood fit) extended binned max. likelihood fit

>> Finds 19 scaling factors to be appliedFinds 19 scaling factors to be applied

to MC histograms to fit datato MC histograms to fit data

§ Signal (12 bins)

§ b->ulv (3 “ ”)

§ other BB (4 “ ”)

> Continuum fixed, corrected to match the
off-resonance data control sample (27fb-1)

> Signal Yields

χ2 = 423 for 389 d.o.f

Reduce syst. error 
from BF & FF
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Results: Relative Errors on Results: Relative Errors on ∆∆BF(qBF(q22)  )  

-Dominant syst. errors: Detector effects, Continuum description 
-Fit of the backgrounds yields in several q2 bins (thanks to high statistics due to  
loose ν ) => reduced systematic error due backgrounds BF and FF.


