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B  Semileptonic Decayss

Parton Level Hadron Level
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B  Semileptonic Decayss

Much less information on       semileptonic decays
   than for       and 

Why?

Inclusive

Exclusive

Extracting 

Hadronic Moments, etc.

,

,
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B  Semileptonic Decayss

Huge sample (from B factories) of:

Compared with (LEP, Tevatron, LHC):

,,

Correlated
Production

( ) ( )

Uncorrelated
Production

&
Hadronization/
Fragmentation

Unbiased
sample on 
"away side"

+ uncertainties
on hadronization
fractions, e.g.,

fraction that hadronize
to    3



B  Semileptonic Decayss

Outline

Much less information on       semileptonic decays
   than for       and (see Luth's talk) with results on:

Inclusive

Exclusive

Extracting 

Hadronic Moments, etc.

,

,

Branching ratios (inclusive, exclusive)

Semi-rare decays (for completeness,                         )

Lifetimes (access to mixing parameters)

CP violation (via mixing, charge asymmetry      )
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...at the 

 (GeV)s
10.75 10.8 10.85 10.9 10.95 11 11.05

]mm[0 s
] /

 
b

[bs
 =

 
bR

0.1

0.2

0.3

0.4

0.5

0.6

 [GeV]s
10.6 10.7 10.8 10.9 11 11.1 11.2

b
R

0

0.1

0.2

0.3

0.4

0.5

0.6

BaBar
PRL 102, 
012001 (2009)

Belle

PRD 82, 091106(R) (2010) 

CLEO, 
1985

BaBar:           - 0.9 fb
                      - 0.8 fb

  of total 557.4 fb
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–1
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Belle:             - 121 fb
  of total 1039 fb
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–1

  (and 711 fb    at   )–1
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Inclusive Branching Fraction 

Belle: BELLE-CONF-0735
arXiv:0710.2548
23.6 fb

(of ~120 fb  !)

–1

–1

Fit to to separate
from continuum

Look for 
same-sign

Separate direct decay leptons
  from cascade by fit to  

Belle, 23.6 fb–1

Direct

Cascade

Analysis uses:

PDG/HFAG 2012, 
      ~10% at high energy

to subtractUse
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Inclusive Branching Fraction 

BaBar: 
   PRD-RC 85, 011101 (2012)
4.25 fb in scan points beyond threshold–1

4.25 fb–1

Use 
and  -lepton yields from decays 

BaBar HFAG/
PDG 2012

sample to determine

After continuum subtraction,
  in each energy bin find:

- event yield
-     yield

    inputs, solve for

-    -lepton yield
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Inclusive Branching Fraction

8 10 12

Belle

PRD-RC 85, 011101 (2012)

BELLE-CONF-0735

BaBar

(My) Average

8



Inclusive Branching Fraction

8 10 12

Belle

PRD-RC 85, 011101 (2012)

BELLE-CONF-0735

BaBar

compare with

(My) Average
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Inclusive Branching Fraction

8 10 12

Belle

PRD-RC 85, 011101 (2012)

BELLE-CONF-0735

BaBar

c.f.

(My) Average

Gronau, Rosner 
2010;

HFAG/PDG 2012
Bigi et al., 2011

Expect

PDG 2012
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Exclusive Branching Fraction

8 10 12

Belle
PRD-RC 85, 011101 (2012)

BELLE-CONF-0735
BaBar

c.f.

(My) Average

PDG 2012

c.f.
PDG 2012
From LEP
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Exclusive Branching Fractions

Hadron Level

, plus excited  
          states ,

, ,

Semileptonic decays to heavier 
excited charm states, more of 
the available phase space near
zero recoil, increasing importance 
of corrections in heavy-quark 
effective theory (HQET)

Also provides a clean
"laboratory" for isolating 
  clean samples for investigating
  these charm states, particularly
  orbitally excited          or

(Surprisingly light

+ new states – molecular states?)12



Exclusive Branching Fractions

DØ Collab., PRL 102, 051801 (2009)
  1.3 fb –1
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(and measure its mass)
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Exclusive Branching Fractions

LHCb Collab., PLB 698, 14 (2011)
  20 pb –1

Associate a       with a 

Add a to isolate

miss

shifted

or

First observation: Check DØ:

(and measure its mass & width)
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Exclusive Branching Fractions

Results:

Predictions:

[1]

[1] ISGW2, Phys. Rev. D 52, 2783 (1995)

[2] ISGW + Non-relativ. HQET, J. Phys. G 29, 2059 (2003)

[2] [2][1]

DØ

LHCb

My average

0 0 2 45 10 15

, [%] , [%]
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Semi-rare B   Penguin Decays0
s

Consistent with world average

...but not enough stats to get angular
distributions of decay products
(like                            ) to better probe for new physics 

CDF  PRL 106, 161801 (2011),
4.4 fb   , reconstructs –1
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B   Meson Mixing0
s

Weak Eigenstates:

Diagonalize: like a coupled oscillator; modes are the propagating states

Mass Eigenstates:

If CP conserved in
mixing,  

Heavy Light

u,c,t

u,c,ts

s

W W
+ –

tsV* 

tsV b

b

Think 
coupled pendula!

17



 B   Lifetime in Semileptonic Decays0
s

[ps]

Total

(WA values)

Semileptonic decay is a flavor-specific decay:

At time t = 0,  
       equal mix of  heavy (H) / light (L)  e-state

If fit with a single exponential, measure:

(difficult to separate lifetimes,c.f.
products with different angular distributions)

where two e-states have decay

(CP-odd / CP-even)
(if no CP violation)

(c.f.: )
)(

10
0

1

2

2 3 4
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Flavor-Specific B   Lifetime0
s

1.2 1.4 1.6 1.8
[ps]

ALEPH
PLB377, 205 (1996)

CDF
PRD59, 032004 (1999)

DELPHI
EPJ. C16, 555 (2000)

OPAL
PLB426, 161 (1998)

DØ
PRL 97, 241801 (2006)

CDF
PRL 107, 272001 (2011)

(work continues on full
Tevatron datasets...)

1.463 
± 0.032 ps

World
Average

HFAG
PDG 2012

Standard lifetime
analyses,

estimate boost
from p or p   and
invariant masses
of visible decay
products

T
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Flavor-Specific B   Lifetime0
s
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Flavor-Specific B   Lifetime0
s

1.2 1.4 1.6 1.8
[ps]

1.463 
± 0.032 ps

World
Average

HFAG
PDG 2012

s1/G   [ps]

Measurements
(CDF, DØ, LHCb)

See Yuehong Xie's talk from yesterday
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Flavor-Specific B   Lifetime0
s
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B   Meson Mixing0
s

Weak Eigenstates:

Diagonalize: like a coupled oscillator; modes are the propagating states

Mass Eigenstates:

If CP not conserved in mixing,  

in SM

CP violating!

:

Heavy Light

u,c,t

u,c,ts

s

W W
+ –

tsV* 

tsV b

b

Back to coupled pendula
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CP Violation in Mixing

Measure CP violation in mixing via

DØ Collab., 9.0 fb   , 
Phys. Rev. D 84, 052007 (2011)

–1

Direct semileptonic 
decay

Neutral B meson oscillation
and then semileptonic decay

Difference in reconstruction efficiency between positive and negative
  particles minimized       helps cancel/reduce many detector charge asymmetries!

(cancel to first order ~3%      ~0.1%)

Swap polarities toroid (and solenoid) regularly
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CP Violation in Mixing

Measure CP violation in mixing via

Non-CP violating charge asymmetry from                 measured directly in data

Correct by fraction of same-sign muons from B mixing processes 

Mostly background

Inclusive single muons
Constrain backg.

Reduce syst.

3.9s deviation from SM prediction
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Relation to B   Semileptonic Decays?s
0

-0.04

-0.02

0
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DØ Ab
sl
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sl

as sl

3.9s  

Pointing to a new source of CP violation?

Asymmetry is a linear combination 
 of semileptonic charge 
asymmetries of        and      :  
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Relation to B   Semileptonic Decayss
0

-0.04

-0.02

0

0.02
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SM

DØ, 9.0 fb-1

DØ Ab
sl

DØ Ab
sl 95% C.L.
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sl

as sl

3.9s  

Asymmetry is a linear combination 
 of semileptonic charge 
asymmetries of        and      :  

Consistent with world average
                from B factories

Consistent with world average
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Relation to B   Semileptonic Decayss
0

Consistent with world average
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68% and 95% C.L. regions
are obtained from
the measurements with
IP selections

ad
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as sl

To test origin of dimuon charge
asymmetry, two complementary 
measurements with impact 
parameter (IP) requirements on muons:

Enriched in b's and larger       fraction
- IP > 120 mm 

Results consistent with default result

correlationExtract:  

More background, smaller      fraction
- IP < 120 mm 
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B   Semileptonic Charge Asymmetrys
0

Consistent with world average

Measure the        semileptonic charge asymmetry directly:

DØ Collab., Phys. Rev. D 82, 012003 (2010), 5 fb    (update soon!)–1

using                            semileptonic decays

Fit the time dependence of mixed and
unmixed decays with initial state 
flavor tagged; use "polarity-flipping"
strength of DØ detector
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Relation to B   Semileptonic Decayss
0

Consistent with world average

Measurements all
consistent with one another

DØ Dimuon
Asymmetry

Combine:
HFAG PDG 2012
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Consistency with Other CP Measurements in B   System?  s
0

Consistent with world average

(0.0042 ± 0.0014)

If new physics in mixing, same new
phase angle in                       !
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(modulo penguin 
pollution, Lenz, 
arXiv:1205.1444)
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Summary & Future Prospects
Consistent with world average

A start to filling in information on the       system
   (but won't be using it to contribute significantly to CKM matrix elements!) 

Provides insight to strange-quark hadronization and       mesons

Some unique aspects (e.g.,                ) leads to access to physics
  not possible via        semileptonic decays
Possible anomalous CP violation in mixing & semileptonic B decays?
   However not definitively in the       system 
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Summary & Future Prospects
Consistent with world average

A start to filling in information on the       system
   (but won't be using it to contribute significantly to CKM matrix elements!) 

Provides insight to strange-quark hadronization and       mesons

Some unique aspects (e.g.,                ) leads to access to physics
  not possible via        semileptonic decays
Possible anomalous CP violation in mixing & semileptonic B decays?
   However not definitively in the       system 

Future

Belle's analysis of their full ~120 fb  data set–1

Tevatron final updates using full dataset for legacy measurements

Next generation: Super-B factories running above the  

Continued running and results from LHCb, including finding
  the difference between semileptonic asymmetries:  

(i.e., roughly orthogonal to DØ band)
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Dimuon Charge Asymmetry
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CP Violation: Another way to test

Golden mode, 
Tevatron

mix mix

CP violation through
interference of diagrams

with and w/o mixing

B  unitarity
condition

"Squashed"
Triangle

s

( ), Vcs V *cb

V

b

ts V *tb
r h
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