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Introduction B → K(∗)ll
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(

|a9|2 + |a10|2
)

B̄ → K̄∗l+l−, B̄ → K̄(∗)νν̄
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Introduction Experimental Results

B− → K−µ+µ− B̄0 → K̄∗0µ+µ−
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BR/10−6 = 0.38± 0.05± 0.03 1.06± 0.14± 0.09 CDF

0.39± 0.07± 0.02 1.11± 0.19± 0.07 BaBar

0.48± 0.05± 0.03 1.07± 0.11± 0.09 Belle
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B → K(∗)ll Basic Structure

A(B̄ → M̄l+l−) = −GF√
2

α

2π
λt

[

Aµ
9 l̄γµl + Aµ

10 l̄γµγ5l
]

Aµ
9 = C9 〈M̄ |s̄γµ(1− γ5)b|B̄〉+ 〈M̄ |Kµ

H(q)|B̄〉+ . . .

Kµ
H(q) = −8π2

q2
i
∫

d4x eiq·x T jµ(x)Hc(0)

• semileptonic contribution

• hadronic contribution (“charm loops”)
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Introduction B → K(∗)ll
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|a9|2 = |C9 +∆|2 = C2
9 + 2C9Re∆ + |∆|2

∆res =
−f2

q2−M2+iMΓ
|∆res|2 = f2

MΓ
Im∆res

Beneke, G.B., Neubert, Sachrajda

• B → Kψ(′) → Kl+l− dominates by factor 102 → remove by cuts

• low-q2: QCD factorization Beneke, Feldmann, Seidel

• high-q2: OPE G.B., Isidori; Grinstein, Pirjol
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OPE Overview

Kµ
H(q) = −8π2

q2
i
∫

d4x eiq·x T jµ(x)Hc(0) =
∑

d,nCd,n(q)Oµ
d,n Λ, EK ≪

√

q2

Oµ
3,1 =

(

gµν − qµqν

q2

)

s̄γν(1− γ5)b

Oµ
3,2 =

imb

q2
qλ s̄σ

λµ(1 + γ5)b

Oµ
5,n = s̄(gGΓn)

µb

Oµ
6ann,n = (r̄Γ1b s̄Γ2r)

µ
n
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OPE Results

Kµ
H3 =

(

gµν − qµqν

q2

)

s̄γν(1− γ5)b · h(x)(C1 + 3C2) + . . ., x = 4m2
c

q2

Kµ
H5 =

[

εαβλρ
qβq

µ

q2
+ εβµλρ

qβq
α

q2
− εαµλρ

]

s̄γλ(1− γ5)gGαρb
C1Qc

q2
f(x)

− qλ
mB

s̄gGαβ(g
αλσβµ − gαµσβλ)(1 + γ5)b

4C8Qb

q2

f(x) = x√
1−x

(

ln 1−
√
1−x

1+
√
1−x

+ iπ
)

− 2 G.B., Isidori, Rey
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OPE Power Corrections

a9 ≈ 4

∆a9,H5(K) = −παs(EK)CF

2N C1Qcf(x)
mBfBfK

λB f+(q2) q2
≈ 0.019− 0.012i

∆a9,H5(K
∗
⊥) = −παs(EK)CF

4N
mBfBf⊥

λB V (q2) q2
(C1Qcf(x) + 8C8Qb) ≈ 0.008− 0.006i

(for q2 = 15GeV2)

• explicit calculation of 2nd order power corrections for

Λ ≪ EK ≪
√

q2 (q2 >∼ 15GeV2)

• consistent with QCDF (Λ ≪ EK , any q
2)

• impact below 1%
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Duality Toy Scenario

Beneke, G.B., Neubert, Sachrajda

Heff = G√
2

[

(l̄2l1)V−A (c̄c)V−A − (l̄2l1)V−A (t̄t)V−A

]

A(l1 → l2 e
+e−) = − G√

2
ece

2Π(q2) l̄2γ
µ(1− γ5)l1 ēγµe

Π ≡ Πc − Πt, Π(0) = N
12π2 ln

m2
t

m2
c

dΓ(l1→l2 e+e−)
ds

=
G2α2m5

1

108π5 (1− s)2 (1 + 2s)
∣

∣C +∆(q2)
∣

∣

2
, s = q2

m2
1

C ≡ 2π2 Π(0) ∆(q2) ≡ 2π2 (Π(q2)− Π(0))

|C +∆|2 = C2 + 2C Re∆ + |∆|2
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Duality Shifman Model

Π(q2) = c
∑∞

n=1
1

z+n
, z =

(

−q2−iǫ
λ2

)1−b/π

, b = Γn

Mn

⇒ Π(q2)− Π(0) = − N
12π2

1
1−b/π

[ψ(z + 1) + γ] → − N
12π2 ln

−q2−iǫ
λ2

asymptotic series: ψ(z + 1) = ln z −
∑∞

k=1
Bk

k
1
zk

Re∆(q2/λ2)
2 4 6 8 10

-2

-1

1

2

ψ(z + 1) + γ ≡ [ψ(−z) + γ − iπ]OPE + [−π cot πz + iπ]DV

[−π cot πz + iπ] ≈ 2π exp
(

−2πbq2

λ2

) [

sin
(

2πq2

λ2

)

− i cos
(

2πq2

λ2

)]
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Duality Charm Correlator
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R = Rlight − 4
3

1
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Imψ(3 + z) , z =
(

− q2−4m2
c+iǫ

λ2

)1−b/π

λ2 = 3.08GeV2, mc = 1.33GeV, b = 0.082
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Duality Violation B → Kll at high q2

〈Kµ
H〉 = 16π2

3
a2 〈(s̄b)V−A〉µ Πc(q

2) , a2 ≈ 0.3

∆a9 = a2d, d ≡ 16π2

3
(Πc(q

2)− Πc(0))

d = −4
3

1
1−b/π

[ψ(z + 3)− ψ(z0 + 3)]

→ dDV ≈ −8π
3
exp(−2πbr) (sin 2πr − i cos 2πr)

r = (q2 − 4m2
c)/λ

2 , s = q2/m2
B

|RDV,1| =
∣

∣

∣

∣

2a2
a9

∫ sm
s0

dsϕ(s) Red2
∫ sm
s0

ds ϕ(s)

∣

∣

∣

∣

<∼
8
3
a2
a9

ϕ(s0)∫ sm
s0

dsϕ(s)
λ2

m2
B

exp(−2πb(q20 − 4m2
c)/λ

2)

impact on high-q2 rate ∼ 1.5%
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Precision Observables Ratios

Hurth, Wyler; Bartsch, Beylich, G.B., Gao

normalized spectrum:

B → Kνν̄ (solid)

B → Kl+l− (dashed)
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R256 ≡
∫ sm
0

ds dB(B−→K−νν̄)/ds
∫ 0.25

0
ds dB(B−→K−l+l−)/ds+

∫ sm
0.6
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=
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−0.38 (a0)

+0.10
−0.02 (b1)

−0.80
+0.62 (µ)
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Precision Observables New Physics

• modified Z-penguin (SUSY) could suppress R256

Altmannshofer et al.

modification of B → Kνν̄

• B → K SS light invisible scalars Bird et al.

• B → K χ̃0
1χ̃

0
1 light neutralinos Dreiner et al.

• Z ′ models Altmannshofer et al.

• B → Kντ ν̄τ

topcolor assisted technicolor

Z ′ with FCNC at tree level G.B., Burdman, Hill, Kominis
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Conclusions

• B → Kψ → Kl+l− background:

huge duality violation for ψ(1S), ψ(2S) region (↔ |Π(q2)|2)

• high q2: OPE (in Λ/mb) for hadronic amplitude in B → K(∗)l+l−:

no 1st order power corrections, 2nd order small

• high q2: quantitative model estimate of duality violation (small)

• excellent control of B → K(∗)l+l− at high (and low) q2

• precision tests for New Physics:

ratios of B → Kνν̄ and B → Kl+l− rates
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