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Electroweak FCNCs

B !  Xs/d "

     C7 (Photon penguin)                  
Observables:                                  
branching fractions Eγ spectrum, ACP 

B0
s/d !  l+l-   

       C10 (Axial vector EW)                                    
       Observables: branching fractions

B !  Xs/d l+l-

    C7 ,C9 (Vector EW) and C10                      

Observables:                                       
(partial) branching fractions, AFB, ACP 

    New physics could result in a 
   distinctive pattern of deviations in  
     observables across a variety of   
       related FCNC modes

Products of field operators
(non-perturbative hadronic
 matrix elements; Heavy 
quark expansion in inverse
 powers of mb)

Wilson coefficients 
(calculated perturbatively; 
encode short-distance physics)
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FIG. 5: The mES spectrum in bin s4 for all K!+! ! modes
combined showing data (points with error bars), the total
Þt (blue solid line), signal component (black short-dashed
line), combinatorial background (magenta long-dashed lin e),
hadrons misidentiÞed as muons (green dash-dotted line), and
the sum of cross-feed and peaking components (red dotted
line).
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FIG. 6: The (a) mES and (b) mKπ mass spectra in bin s1
for all four K" !+! ! modes combined showing data (points
with error bars), the total Þt (blue solid lines), signal com -
ponent (black short-dashed lines), combinatorial backgro und
(magenta long-dashed lines), hadrons misidentiÞed as muons
(green dash-dotted lines), and the sum of cross-feed and peak-
ing components (red dotted lines).

TABLE V: Measured branching fractions [10 ! 7] by mode and
s bin. The Þrst and second uncertainties are statistical and
systematic, respectively.

B → Kℓ+ℓ! B → K " ℓ+ℓ!

s (GeV2/c4) Nsig B[10! 7] Nsig B[10! 7]

0.10–2.00 20.6+5.9
! 5.4 0.71+0.20

! 0.18 ± 0.02 26.0+7.1
! 6.4 1.89+0.52

! 0.46 ± 0.06

2.00–4.30 17.4+5.4
! 4.8 0.49+0.15

! 0.13 ± 0.01 14.5+5.3
! 4.6 0.95+0.35

! 0.30 ± 0.04

4.30–8.12 37.1+8.0
! 7.5 0.94+0.20

! 0.19 ± 0.02 29.3+9.1
! 8.3 1.82+0.56

! 0.52 ± 0.09

10.11–12.89 36.0+8.2
! 7.6 0.90+0.20

! 0.19 ± 0.04 31.6+8.8
! 8.1 1.86+0.52

! 0.48 ± 0.10

14.21–16.00 19.7+6.2
! 5.6 0.49+0.15

! 0.14 ± 0.02 24.1+6.7
! 6.0 1.46+0.41

! 0.36 ± 0.06

>16.00 22.3+7.7
! 6.9 0.67+0.23

! 0.21 ± 0.05 14.1+6.6
! 5.9 1.02+0.47

! 0.42 ± 0.06

1.00–6.00 39.4+7.7
! 7.1 1.36+0.27

! 0.24 ± 0.03 33.1+8.6
! 7.8 2.05+0.53

! 0.48 ± 0.07

Figure 11 shows an example Þt for the combinedKµ+ µ−

and Ke+ e− modes in the high s region. Table VII and
Fig. 12 show R K and R K ! for s > 0.1 GeV2/c4. Our
results are consistent with unity as expected in the SM.

We Þt the data in each s bin separately to determine
A I for the four combined K! + !− and four combined
K∗! + !− modes. Figure 13 shows an example Þt for bin
s2. The results are summarized in Table VIII. Figure 14
shows our measurements as a function ofs in compari-
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FIG. 7: Partial branching fractions for the (a) K!+! ! and (b)
K" !+! ! modes as a function of s showing BABAR measure-
ments (red triangles), Belle measurements [28] (open squares),
CDF measurements [29] (blue solid squares), and the SM pre-
diction from the Ali et al. model [5] with B → K(" ) form
factors [31] (magenta dashed lines). The magenta solid lines
show the theory uncertainties. The vertical yellow shaded
bands show the vetoeds regions around the J/" and " (2S).
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FIG. 5: The mES spectrum in bin s4 for all K ! + ! ! modes
combined showing data (points with error bars), the total
Þt (blue solid line), signal component (black short-dashed
line), combinatorial background (magenta long-dashed lin e),
hadrons misidentiÞed as muons (green dash-dotted line), and
the sum of cross-feed and peaking components (red dotted
line).
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FIG. 6: The (a) mES and (b) mK ! mass spectra in bin s1

for all four K " ! + ! ! modes combined showing data (points
with error bars), the total Þt (blue solid lines), signal com -
ponent (black short-dashed lines), combinatorial backgro und
(magenta long-dashed lines), hadrons misidentiÞed as muons
(green dash-dotted lines), and the sum of cross-feed and peak-
ing components (red dotted lines).

TABLE V: Measured branching fractions [10 ! 7 ] by mode and
s bin. The Þrst and second uncertainties are statistical and
systematic, respectively.

B ! K ! + ! ! B ! K " ! + ! !

s ( GeV 2/c 4) Nsig B[10! 7 ] Nsig B[10! 7]

0.10Ð2.00 20.6+5 .9
! 5.4 0.71+0 .20

! 0.18 ± 0.02 26.0+7 .1
! 6.4 1.89+0 .52

! 0.46 ± 0.06

2.00Ð4.30 17.4+5 .4
! 4.8 0.49+0 .15

! 0.13 ± 0.01 14.5+5 .3
! 4.6 0.95+0 .35

! 0.30 ± 0.04

4.30Ð8.12 37.1+8 .0
! 7.5 0.94+0 .20

! 0.19 ± 0.02 29.3+9 .1
! 8.3 1.82+0 .56

! 0.52 ± 0.09

10.11Ð12.89 36.0+8 .2
! 7.6 0.90+0 .20

! 0.19 ± 0.04 31.6+8 .8
! 8.1 1.86+0 .52

! 0.48 ± 0.10

14.21Ð16.00 19.7+6 .2
! 5.6 0.49+0 .15

! 0.14 ± 0.02 24.1+6 .7
! 6.0 1.46+0 .41

! 0.36 ± 0.06

> 16.00 22.3+7 .7
! 6.9 0.67+0 .23

! 0.21 ± 0.05 14.1+6 .6
! 5.9 1.02+0 .47

! 0.42 ± 0.06

1.00Ð6.00 39.4+7 .7
! 7.1 1.36+0 .27

! 0.24 ± 0.03 33.1+8 .6
! 7.8 2.05+0 .53

! 0.48 ± 0.07

Figure 11 shows an example Þt for the combinedKµ + µ!

and Ke+ e! modes in the high s region. Table VII and
Fig. 12 show R K and R K ! for s > 0.1 GeV2/c 4. Our
results are consistent with unity as expected in the SM.

We Þt the data in each s bin separately to determine
A I for the four combined K ! + ! ! and four combined
K " ! + ! ! modes. Figure 13 shows an example Þt for bin
s2. The results are summarized in Table VIII. Figure 14
shows our measurements as a function ofs in compari-
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FIG. 7: Partial branching fractions for the (a) K ! + ! ! and (b)
K " ! + ! ! modes as a function of s showing BABAR measure-
ments (red triangles), Belle measurements [28] (open squares),
CDF measurements [29] (blue solid squares), and the SM pre-
diction from the Ali et al. model [5] with B ! K ( " ) form
factors [31] (magenta dashed lines). The magenta solid lines
show the theory uncertainties. The vertical yellow shaded
bands show the vetoeds regions around the J/ " and " (2S).
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modes (red triangles) compared with Belle [28] (open squares)
and CDF [29] (blue solid squares) measurements and with pre-
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FIG. 2: Examples of new physics loop contributions to
b ! s! + ! ! : (a) charged Higgs (H ! ); (b) squark ( ÷t, ÷c, ÷u) and
chargino (" ! ); (c) squark ( ÷b,÷s, ÷d) and gluino (÷g)/neutralino
(" 0).

II. OBSERVABLES

We report herein results on exclusive partial branching
fractions and isospin asymmetries in six bins ofs ! m2

!! ,
deÞned in Table I. We further present results in thes bin
s0 = 1 .0 " 6.0 GeV2/c 4 chosen for calculations inspired
by soft-collinear e! ective theory (SCET) [11]. In addi-
tion, we report on direct CP asymmetries and the ratio
of rates to dimuon and dielectron Þnal states in the lows
and high s regions separated by theJ/ ! resonance. We
remove regions of the long-distance contributions around
the J/ ! and ! (2S) resonances. NewBABAR results on
angular observables using the same dataset and similar
event selection will be reported shortly.

The B # K "+ "! and B # K " "+ "! total branch-
ing fractions are predicted to be (0.35 ± 0.12) $ 10! 6

and (1.19 ± 0.39) $ 10! 6 (for s > 0.1 GeV2/c 4), re-
spectively [5]. The % 30% uncertainties are due to a
lack of knowledge about the form factors that model the
hadronic e! ects in the B # K and B # K " transi-
tions. Thus, measurements of decay rates to exclusive
Þnal states are less suited to searches for new physics
than rate asymmetries, where many theory uncertainties
cancel.

For charged B decays and neutral B decays ßavor-
tagged through K " # K + #! [12], the direct CP asym-

TABLE I: The deÞnition of seven s bins used in the anal-
ysis. Here mB and mK ( ! ) are the invariant masses of
B and K ( " ) , respectively. The low s region is given by
0.10 < s < 8.12 GeV2/c 4, while the high s region is given
by s > 10.11 GeV2/c 4.

s bin s min s max
( GeV 2/c 4) ( GeV 2/c 4)

Low s1 0.10 2.00
s2 2.00 4.30
s3 4.30 8.12

High s4 10.11 12.89
s5 14.21 16.00
s6 16.00 (mB " mK ( ! ) )2

s0 1.00 6.00

metry is deÞned as

A K ( ! )

CP !
B(B # K

(" )
"+ "! ) " B(B # K (" ) "+ "! )

B(B # K
(" )

"+ "! ) + B(B # K (" ) "+ "! )
, (1)

and is expected to beO(10! 3) in the SM. However A K ( ! )

CP
may receive a signiÞcant enhancement from new physics
contributions at the electro-weak scale [13].

For s > 0.1 GeV2/c 4, the ratio of rates to dimuon and
dielectron Þnal states is deÞned as

R K ( ! ) !
B(B # K (" )µ+ µ! )
B(B # K (" ) e+ e! )

. (2)

In the SM, R K ( ! ) is expected to be unity to within a
few percent [14] for dilepton invariant masses above the
dimuon kinematic threshold. In two-Higgs-doublet mod-
els, including supersymmetry, these ratios are sensitive
to the presence of a neutral Higgs boson. When the ratio
of neutral Higgs Þeld vacuum expectation values tan$ is
large, R K ( ! ) might be increased by up to 10% [10].

The CP-averaged isospin asymmetry is deÞned as

A K ( ! )

I ! B(B 0 # K ( ! )0 ! + ! " ) ! r ! B(B + # K ( ! )+ ! + ! " )
B(B 0 # K ( ! )0 ! + ! " )+ r ! B(B + # K ( ! )+ ! + ! " ) ,

(3)
wherer " ! %B 0 / %B + = 1 / (1.071± 0.009) is the ratio of B 0

and B + lifetimes [15]. A K !

I has a SM expectation of +6%
to +13% as s # 0 [4]. This is consistent with the mea-
sured asymmetry 3± 3% in B # K " & [16]. A calculation
of the predicted K " + and K " 0 rates integrated over the
low s region yieldsA K !

I = " 0.005± 0.020 [17, 18]. In the
high s region, we may expect contributions from charmo-
nium states as an additional source of isospin asymmetry.
However the measured asymmetries in theJ/ ! K (" ) and
! (2S)K (" ) modes are all below 5% [15].

III. BABAR EXPERIMENT AND DATA
SAMPLE

We use a data sample of 471 millionB øB pairs col-
lected at the ' (4S) resonance with the BABAR detec-
tor [19] at the PEP-II asymmetric-energy e+ e! collider
at the SLAC National Accelerator Laboratory. Charged
particle tracking is provided by a Þve-layer silicon vertex
tracker and a 40-layer drift chamber in a 1.5 T solenoidal
magnetic Þeld. We identify electrons with a CsI(Tl)
electromagnetic calorimeter, and muons using an instru-
mented magnetic ßux return. Electron and muon candi-
dates are required to have momentap > 0.3 GeV/c in the
laboratory frame. We combine up to three photons with
electrons when they are consistent with bremsstrahlung,
and do not use electrons that are associated with photon
conversions to low-masse+ e! pairs. We identify charged
kaons using a detector of internally reßected Cherenkov
light, as well as dE/ dx information from the drift cham-
ber. Charged tracks other than identiÞed e, µ and K

! "#" l+l-$

! "#I " l+l-$
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B! K (* )l+l- 

!    BABAR 471 M BB
"     CDF 6.8 fb-1   PRL 107, 201802 (2011)

!     Belle 657 M BB   PRL 103, 171801 (2009)

"     LHCb 0.37 fb-1    arXiv:1112.3515 (2012)

  ! SM-based predictions
             Ball & Zwicky, PRD71, 014015(2005), 
             PRD71, 014029(2005); 
             Ali et al., PRD 66, 034002 (2002).

BABAR   
Submitted to PRD 
arXiv:1204.3933

Branching fraction results:

! Partial branching fraction measured in 
bins of q2 excluding J/!  and ! (2S) 
regions

! Total branching fractions determined 
over entire q2 range

! " ! #" l+l-$ %&'()*+,-./0100$
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FIG. 5: The mES spectrum in bin s4 for all K ! + ! ! modes
combined showing data (points with error bars), the total
Þt (blue solid line), signal component (black short-dashed
line), combinatorial background (magenta long-dashed lin e),
hadrons misidentiÞed as muons (green dash-dotted line), and
the sum of cross-feed and peaking components (red dotted
line).
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FIG. 6: The (a) mES and (b) mK ! mass spectra in bin s1

for all four K " ! + ! ! modes combined showing data (points
with error bars), the total Þt (blue solid lines), signal com -
ponent (black short-dashed lines), combinatorial backgro und
(magenta long-dashed lines), hadrons misidentiÞed as muons
(green dash-dotted lines), and the sum of cross-feed and peak-
ing components (red dotted lines).

TABLE V: Measured branching fractions [10 ! 7 ] by mode and
s bin. The Þrst and second uncertainties are statistical and
systematic, respectively.

B ! K ! + ! ! B ! K " ! + ! !

s ( GeV 2/c 4) Nsig B[10! 7 ] Nsig B[10! 7]

0.10Ð2.00 20.6+5 .9
! 5.4 0.71+0 .20

! 0.18 ± 0.02 26.0+7 .1
! 6.4 1.89+0 .52

! 0.46 ± 0.06

2.00Ð4.30 17.4+5 .4
! 4.8 0.49+0 .15

! 0.13 ± 0.01 14.5+5 .3
! 4.6 0.95+0 .35

! 0.30 ± 0.04

4.30Ð8.12 37.1+8 .0
! 7.5 0.94+0 .20

! 0.19 ± 0.02 29.3+9 .1
! 8.3 1.82+0 .56

! 0.52 ± 0.09

10.11Ð12.89 36.0+8 .2
! 7.6 0.90+0 .20

! 0.19 ± 0.04 31.6+8 .8
! 8.1 1.86+0 .52

! 0.48 ± 0.10

14.21Ð16.00 19.7+6 .2
! 5.6 0.49+0 .15

! 0.14 ± 0.02 24.1+6 .7
! 6.0 1.46+0 .41

! 0.36 ± 0.06

> 16.00 22.3+7 .7
! 6.9 0.67+0 .23

! 0.21 ± 0.05 14.1+6 .6
! 5.9 1.02+0 .47

! 0.42 ± 0.06

1.00Ð6.00 39.4+7 .7
! 7.1 1.36+0 .27

! 0.24 ± 0.03 33.1+8 .6
! 7.8 2.05+0 .53

! 0.48 ± 0.07

Figure 11 shows an example Þt for the combinedKµ + µ−

and Ke+ e− modes in the high s region. Table VII and
Fig. 12 show R K and R K ! for s > 0.1 GeV2/c 4. Our
results are consistent with unity as expected in the SM.

We Þt the data in each s bin separately to determine
A I for the four combined K ! + !− and four combined
K ∗! + !− modes. Figure 13 shows an example Þt for bin
s2. The results are summarized in Table VIII. Figure 14
shows our measurements as a function ofs in compari-
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FIG. 7: Partial branching fractions for the (a) K ! + ! ! and (b)
K " ! + ! ! modes as a function of s showing BABAR measure-
ments (red triangles), Belle measurements [28] (open squares),
CDF measurements [29] (blue solid squares), and the SM pre-
diction from the Ali et al. model [5] with B ! K ( " ) form
factors [31] (magenta dashed lines). The magenta solid lines
show the theory uncertainties. The vertical yellow shaded
bands show the vetoeds regions around the J/ " and " (2S).
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FIG. 6: The (a) mES and (b) mK ! mass spectra in bin s1

for all four K ∗ℓ+ ℓ− modes combined showing data (points
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ponent (black short-dashed lines), combinatorial backgro und
(magenta long-dashed lines), hadrons misidentiÞed as muons
(green dash-dotted lines), and the sum of cross-feed and peak-
ing components (red dotted lines).

TABLE V: Measured branching fractions [10 −7 ] by mode and
s bin. The Þrst and second uncertainties are statistical and
systematic, respectively.

B ! K ! + !− B ! K ∗! + !−

s (GeV2/c 4) Nsig B[10−7 ] Nsig B[10−7 ]

0.10–2.00 20.6+5 .9
−5.4 0.71+0 .20

−0.18 ± 0.02 26.0+7 .1
−6.4 1.89+0 .52

−0.46 ± 0.06

2.00–4.30 17.4+5 .4
−4.8 0.49+0 .15

−0.13 ± 0.01 14.5+5 .3
−4.6 0.95+0 .35

−0.30 ± 0.04

4.30–8.12 37.1+8 .0
−7.5 0.94+0 .20

−0.19 ± 0.02 29.3+9 .1
−8.3 1.82+0 .56

−0.52 ± 0.09

10.11–12.89 36.0+8 .2
−7.6 0.90+0 .20

−0.19 ± 0.04 31.6+8 .8
−8.1 1.86+0 .52

−0.48 ± 0.10

14.21–16.00 19.7+6 .2
−5.6 0.49+0 .15

−0.14 ± 0.02 24.1+6 .7
−6.0 1.46+0 .41

−0.36 ± 0.06

> 16.00 22.3+7 .7
−6.9 0.67+0 .23

−0.21 ± 0.05 14.1+6 .6
−5.9 1.02+0 .47

−0.42 ± 0.06

1.00–6.00 39.4+7 .7
−7.1 1.36+0 .27

−0.24 ± 0.03 33.1+8 .6
−7.8 2.05+0 .53

−0.48 ± 0.07

Figure 11 shows an example Þt for the combinedKµ+µ−

and Ke+e− modes in the high s region. Table VII and
Fig. 12 show RK and RK∗ for s > 0.1 GeV2/c4. Our
results are consistent with unity as expected in the SM.

We Þt the data in each s bin separately to determine
AI for the four combined Kℓ+ℓ− and four combined
K∗ℓ+ℓ− modes. Figure 13 shows an example Þt for bin
s2. The results are summarized in Table VIII. Figure 14
shows our measurements as a function ofs in compari-
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FIG. 7: Partial branching fractions for the (a) K ℓ+ ℓ− and (b)
K ∗ℓ+ ℓ− modes as a function of s showing BABAR measure-
ments (red triangles), Belle measurements [28] (open squares),
CDF measurements [29] (blue solid squares), and the SM pre-
diction from the Ali et al. model [5] with B → K (∗) form
factors [31] (magenta dashed lines). The magenta solid lines
show the theory uncertainties. The vertical yellow shaded
bands show the vetoeds regions around the J/ ψ and ψ(2S).

0 0.5 1 1.5 2 2.5
Branching Fraction

-l+Kl

-l+l
*

K

BBABAR, 471 M B
-1CDF, 6.8 fb

BBelle, 657 M B

Ali Õ02
Zhong Õ02

-6 10×

FIG. 8: Total branching fractions for the K ℓ+ ℓ− and K ∗ℓ+ ℓ−

modes (red triangles) compared with Belle [28] (open squares)
and CDF [29] (blue solid squares) measurements and with pre-
dictions from the Ali et al. [5] (light grey bands), and Zhong et
al. [6] (dark grey bands) models.
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FIG. 2: Examples of new physics loop contributions to
b → sℓ+ℓ−: (a) charged Higgs (H−); (b) squark (t̃, c̃, ũ) and
chargino (χ−); (c) squark (b̃, s̃, d̃) and gluino (g̃)/neutralino
(χ0).

II. OBSERVABLES

We report herein results on exclusive partial branching
fractions and isospin asymmetries in six bins of s ≡ m2

ℓℓ,
defined in Table I. We further present results in the s bin
s0 = 1.0 − 6.0 GeV2/c 4 chosen for calculations inspired
by soft-collinear effective theory (SCET) [11]. In addi-
tion, we report on direct CP asymmetries and the ratio
of rates to dimuon and dielectron final states in the low s
and high s regions separated by the J/ ! resonance. We
remove regions of the long-distance contributions around
the J/ ! and ! (2S) resonances. New BABAR results on
angular observables using the same dataset and similar
event selection will be reported shortly.

The B → K "+"− and B → K ∗"+"− total branch-
ing fractions are predicted to be (0.35 ± 0.12) × 10−6

and (1.19 ± 0.39) × 10−6 (for s > 0.1 GeV2/c 4), re-
spectively [5]. The ∼ 30% uncertainties are due to a
lack of knowledge about the form factors that model the
hadronic effects in the B → K and B → K ∗ transi-
tions. Thus, measurements of decay rates to exclusive
final states are less suited to searches for new physics
than rate asymmetries, where many theory uncertainties
cancel.

For charged B decays and neutral B decays flavor-
tagged through K ∗ → K +#− [12], the direct CP asym-

TABLE I: The definition of seven s bins used in the anal-
ysis. Here mB and m

K( ! ) are the invariant masses of
B and K(∗), respectively. The low s region is given by
0.10 < s < 8.12 GeV2/c4, while the high s region is given
by s > 10.11 GeV2/c4.

s bin s min s max
(GeV2/c4) (GeV2/c4)

Low s1 0.10 2.00
s2 2.00 4.30
s3 4.30 8.12

High s4 10.11 12.89
s5 14.21 16.00
s6 16.00 (mB −m

K( ! ) )2

s0 1.00 6.00

metry is defined as

AK ( ! )

CP ≡
B(B → K

(∗)
"+"−)− B(B → K (∗)"+"−)

B(B → K
(∗)

"+"−) + B(B → K (∗)"+"−)
, (1)

and is expected to be O(10−3) in the SM. However AK ( ! )

CP
may receive a significant enhancement from new physics
contributions at the electro-weak scale [13].
For s > 0.1 GeV2/c 4, the ratio of rates to dimuon and

dielectron final states is defined as

RK ( ! ) ≡
B(B → K (∗)µ+µ−)

B(B → K (∗)e+e−)
. (2)

In the SM, RK ( ! ) is expected to be unity to within a
few percent [14] for dilepton invariant masses above the
dimuon kinematic threshold. In two-Higgs-doublet mod-
els, including supersymmetry, these ratios are sensitive
to the presence of a neutral Higgs boson. When the ratio
of neutral Higgs field vacuum expectation values tan$ is
large, RK ( ! ) might be increased by up to 10% [10].
The CP -averaged isospin asymmetry is defined as

AK ( ! )

I ≡ B(B 0→K ( ! )0 ℓ+ ℓ" )−r ! B(B + →K ( ! )+ ℓ+ ℓ" )
B(B 0→K ( ! )0 ℓ+ ℓ" )+r ! B(B + →K ( ! )+ ℓ+ ℓ" )

,
(3)

where r τ ≡ %B 0 / %B + = 1/ (1.071±0.009) is the ratio of B 0

and B+ lifetimes [15]. AK !

I has a SM expectation of +6%
to +13% as s → 0 [4]. This is consistent with the mea-
sured asymmetry 3±3% in B → K ∗& [16]. A calculation
of the predicted K ∗+ and K ∗0 rates integrated over the
low s region yields AK !

I = −0.005±0.020 [17, 18]. In the
high s region, we may expect contributions from charmo-
nium states as an additional source of isospin asymmetry.
However the measured asymmetries in the J/ ! K (∗) and
! (2S)K (∗) modes are all below 5% [15].

III. BABAR EXPERIMENT AND DATA
SAMPLE

We use a data sample of 471 million B B̄ pairs col-
lected at the ' (4S) resonance with the BABAR detec-
tor [19] at the PEP-II asymmetric-energy e+e− collider
at the SLAC National Accelerator Laboratory. Charged
particle tracking is provided by a five-layer silicon vertex
tracker and a 40-layer drift chamber in a 1.5 T solenoidal
magnetic field. We identify electrons with a CsI(Tl)
electromagnetic calorimeter, and muons using an instru-
mented magnetic flux return. Electron and muon candi-
dates are required to have momenta p > 0.3GeV/c in the
laboratory frame. We combine up to three photons with
electrons when they are consistent with bremsstrahlung,
and do not use electrons that are associated with photon
conversions to low-mass e+e− pairs. We identify charged
kaons using a detector of internally reflected Cherenkov
light, as well as dE/ dx information from the drift cham-
ber. Charged tracks other than identified e, µ and K

! " ! #" l+l-$

! " ! #I " l+l-$
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B! K (* )l+l- 

▼   BABAR 471 M BB
■    CDF 6.8 fb-1   PRL 107, 201802 (2011)
□    Belle 657 M BB   PRL 103, 171801 (2009)
●    LHCb 0.37 fb-1    arXiv:1112.3515 (2012)

  ! SM-based predictions
             Ball & Zwicky, PRD71, 014015(2005), 
             PRD71, 014029(2005); 
             Ali et al., PRD 66, 034002 (2002).

BABAR   
Submitted to PRD 
arXiv:1204.3933

Branching fraction results:
! Partial branching fraction measured in 

bins of q2 excluding J/!  and ! (2S) 
regions

! Total branching fractions determined 
over entire q2 range

?&,:W'0"9W'I'86;'ERDEBD''



DEBFPECPBQ' 0#%&#'1&"#23;'4%5266'7829"$:2*,' Q'

- .à/ . ! +! >Ù:'

•! H&2$+'J"8"$#>)8'"N*"8:2)8')('
- à/ .  l+l-. 

 
•! U"S'O&,:2%:'%)A6+'"8*"$'*&"'6))O'

#8+'#6*"$'*&"'3$#8%&28J'($#%>)8'

 

Q'

May 30, 2012 Searches for New Physics with BABAR             Steven Robertson 12

Electroweak FCNCs

B !  Xs/d "

     C7 (Photon penguin)                  
Observables:                                  
branching fractions E!  spectrum, ACP 

B0
s/d !  l+l-   

       C10 (Axial vector EW)                                    
       Observables: branching fractions

B !  Xs/d l
+l-

    C7 ,C9 (Vector EW) and C10                      

Observables:                                       
(partial) branching fractions, AFB, ACP 

    New physics could result in a 
   distinctive pattern of deviations in  
     observables across a variety of   
       related FCNC modes

Products of field operators
(non-perturbative hadronic
 matrix elements; Heavy 
quark expansion in inverse
 powers of mb)

Wilson coefficients 
(calculated perturbatively; 
encode short-distance physics)

! 4x ≤ ŝ ≤ 1 0.6 ≤ ŝ ≤ 1

e 1.2 × 10! 5 8.5 × 10! 7

µ 1.0 × 10! 5 8.5 × 10! 7

" 5.4 × 10! 7 4.3 × 10! 7

Table 1: Integrated branching fractions for B → Xs! + ! ! for the total and high dilepton
mass regions.

fraction for B → Xs" + " ! is comparable to that for ! = e, µ in the clean ŝ region above the

# " resonance. The exclusive decay B → K" + " ! has been computed via heavy meson chiral

perturbation theory by Du et al.[14], where the exclusive branching fraction was found to be

∼ 50−60% of the inclusive; this places B(B → K" + " ! ) in the range ∼ 2×10! 7. Of course,

calculations of exclusive decay rates are inherently model dependent[15], implying that some

degree of uncertainty is associated with this result. However, chiral perturbation theory

is known to be reliable at energy scales smaller than the typical scale of chiral symmetry

breaking, ΛCSB ≃ 4$fπ/
√

2. In B → K" + " ! , the maximum energy of the K meson in

the B rest frame is (m2
B + m2

K − 4m2
τ )/2mB ∼ 1.5 GeV, which places most of the available

phase space at or comfortably below the scale ΛCSB . We thus expect this method to give a

reasonable estimate of the exclusive rate.

The tau polarization asymmetry is defined as

Pτ (ŝ) ≡
dBλ= ! 1 − dBλ=+1

dBλ= ! 1 + dBλ=+1
, (5)

where dB represents the differential B → Xs" + " ! branching fraction. The spin projection

operator is represented as (1 + %5 ̸ s)/2, with the normalized dot product being defined as

ŝ · p̂ = & = ±1 with the −(+) sign corresponding to the case where the spin polarization is

anti-parallel (parallel) to the direction of the " ! momentum. This corresponds to the usual

definition of a polarization asymmetry, given in terms of couplings, i.e., (L − R)/(L + R),

5

-Z#(2![ à! +! >Ù) =3.0 N'BEPF"

DEBFPECPBQ'

Figure 1: (a) Di ! erential branching fraction and (b) tau polarizatio n asymmetry as a function of
ös for ! = " (solid and dashed curves) and! = e (dotted and dash-dotted curves), with and without
the long distance resonance contribution.
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B → Xsγ 

Obtain ÒinclusiveÓ  B !  Xs" by summing 
individual exclusive decay modes:

● Fit mES to a sum of 38 Xs final states

Misiak et al. PRL 98 022002 (2007)

* For photon energy E! >1.6 GeV

SM expectation (NNLO)*:

Xs modes consist of 1 or 3 kaons 
    (including  " 1 Ks

0),
" 1 #, and " 4 pions (including " 2 $ 0)

 1.6 < E*!   < 3.0 GeV   (in CM rest frame)
Photon energy in B 
rest frame obtained from:

The process b! s" occurs in SM via 1-loop photon 
penguin FCNC

– may be modified by new physics contributions 
also at one-loop

– photon energy spectrum useful for 
determination of HQET parameters
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