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• V－A current is conserved: 

large logarithms appear 

only in charm sector

Qν = (s̄LγµdL)(ν̄Lγµν̄L)3%
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Warm-up: basic facts about s→dνν



Warm-up: basic facts about s→dνν

• SU(2)L breaking in Z-penguin 

amplitude leads to power-like 

GIM mechanism
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Warm-up: basic facts about s→dνν

• large CP violating phase 

in dominant short-distance  

contribution due to top
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Warm-up: basic facts about s→dνν

• thus: s→dνν exceptional tool 

to discover non-MFV physics 

where hard GIM is not active
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Warm-up: basic facts about b→sγ

Q7 =
e

16π2
mb(s̄LσµνbR)Fµν

• tensor current not conserved: 

b→sγ depends logarithmically 

on scale where Q7 is generated 
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Warm-up: basic facts about b→sγ

• gluonic corrections lead to mild 

logarithmic GIM suppression of 

b→sγ amplitude
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Warm-up: basic facts about b→sγ

• sensitivity on high scale physics 

“swamped” by renormalization 

group effects
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Warm-up: basic facts about b→sγ

• thus: b→sγ wonderful QCD 

laboratory, providing stringent 

constraints on new physics
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Next 23(+) minutes ...

•recent progress in SM

•next theoretical obstacles

•joining forces: K- & B-decays

•no conclusions
B̄ → Xsl

+l−

B̄ → Xsγ

K+ → π+νν̄

KL → π0νν̄
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*Marciano & Parsa ’96     †Mescia & Smith ’07✝

K→πνν matrix elements from Kl3 in ChPT

• classic ChPT analysis of O(p2ε(2))* isospin-breaking effects 
very recently extended to O(p4ε(2)) & partially O(p6ε(2))✝

ε(2) ∝ mu −md

ms
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*Mescia & Smith ’07

κL & κ+ : main messages*

mc(mc) [GeV] method

2.229 ± 0.017 2.229 ± 0.036 2.190 ± 0.018 − 77% 12% 9% 2% ± 0.013

5.168 ± 0.025 5.168 ± 0.025 5.168 ± 0.025 19% 43% 21% 17% − ± 0.023

(r0+)theo (r0+)exp (r0+)exp τ+ f(0)Kl3 I rK r future (?)

κL

κ+

KLOE

• overall uncertainties on 

KL→π0νν & K+→π+νν 

matrix elements are 

reduced by factor 4 & 7 

• further reduction of 

errors possible with 

better data on Kl3 slopes 

& Kl3 branching ratios+



B(KL → π0νν̄) = κL

[
Im(V ∗

tsVtd)
λ5

X

]2

= (2.54± 0.35)× 10−11

*Mescia & Smith ’07     †Misiak & Urban ’99, Buchalla & Buras ’99     † ‡Buchalla & Buras ’97

SM prediction of KL→π0νν

✝

κL = (2.229± 0.017)× 10−10
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*Mescia & Smith ’07     †Misiak & Urban ’99, Buchalla & Buras ’99     † ‡Buchalla & Buras ’97

SM prediction of KL→π0νν: upshot

✝

κL = (2.229± 0.017)× 10−10
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• within SM amount of 
CP violation could be 
determined with 
unmatched precision

• unkown NNLO & EW 
corrections dominate 
theory error of 3%

B(KL → π0νν̄) = κL

[
Im(V ∗

tsVtd)
λ5

X

]2

= (2.54± 0.35)× 10−11

‡
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∆EM(Eγ < 20 MeV) = −0.003

κ+ = (5.168± 0.025)× 10−10

(
λ

0.225

)8

*Mescia & Smith ’07

SM prediction of K+→π+νν: κ+ & ΔEM

*

B(K+ → π+νν̄(γ)) = κ+(1 + ∆EM)
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• long-distance QED corrections at 
O(p2α) in ChPT are known now
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*Buras et al. ’05, ‘06

SM prediction of K+→π+νν: Pc

B(K+ → π+νν̄(γ)) = κ+(1 + ∆EM)
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• NNLO calculation of  Pc  leads 
to reduction of theoretical 
error from 10% down to 2.5% 
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*Falk et al. ’00

SM prediction of K+→π+νν: δPc,u

B(K+ → π+νν̄(γ)) = κ+(1 + ∆EM)
∣∣∣

x

λ5
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2

x = V ∗
tsVtd X + λ4 Re(V ∗

csVcd)(Pc + δPc,u)

• local charm effects due to 

dimension-eight operators 

naively of O(mK/mc) ≈ 15%

• genuine long-distance up 

effects of O(Λ /mc) ≈ 10%

2 2

22

*
Q(8)

1 = (s̄LγµdL)∂2(ν̄LγµνL) ,

Q(8)
2 = (s̄LDνγµDνdL)(ν̄LγµνL) ,

Q(8)
3 = (s̄LDνγµdL)(ν̄L(∂ν − ∂ν)γµνL)

→

→→→

→

ν ν

c(u)

s d

c(u)

s ν

e, µ, τ

d ν
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Figure 1: One-loop diagrams in the low-energy effective theory that involve a large leading
logarithms. The black squares represent the insertion of the bilocal composite operators
QP

± (left diagram) and QB (right diagram). The charm quark loop in the left diagram is
open.
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Figure 1: One-loop diagrams in the low-energy effective theory that involve a large leading
logarithms. The black squares represent the insertion of the bilocal composite operators
QP

± (left diagram) and QB (right diagram). The charm quark loop in the left diagram is
open.
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*Isidori et al. ’05     †Isidori et al. ‘05

SM prediction of K+→π+νν: δPc,u

B(K+ → π+νν̄(γ)) = κ+(1 + ∆EM)
∣∣∣

x

λ5

∣∣∣
2

x = V ∗
tsVtd X + λ4 Re(V ∗

csVcd)(Pc + δPc,u)

✝

• theoretical uncertainty related to non-perturbative effects due to 
charm & up may be reduced further by dedicated lattice analysis

δPc,u = 0.04± 0.02
*

• effects scale as O(π Fπ/mc) ≈ 5% & 

enhance SM branching ratio by 6%

2 22
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B(K+ → π+νν̄(γ)) = {7.96± 0.86, 7.90± 0.67, 7.46± 0.91}× 10−11

SM prediction(s) of K+→π+νν

*Kühn et al. ’07     †   Hoang & Manohar ’05✝

mc(mc) = (1.30± 0.05) GeV

mc(mc) = (1.286± 0.013) GeV *

mc(mc) = (1.224± 0.017± 0.054) GeV
✝
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• theoretical progress in K+→π+νν 
closely related to precision  
determination of charm mass

SM prediction of K+→π+νν: upshot

• K+→π+νν new field of interesting 

physical applications for lattice 
community

• better knowledge of long-
distance effects desirable
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Constraints on new physics from B→Xsγ

*Misiak et al. ’06 ✝UH & Weiler ’07
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• constraints depend in 

non-negligible way on 

theory error in SM 

Constraints on new physics from B→Xsγ
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Corrections to B→Xsγ beyond LO in SM

30%

4%

10%

1%
3%

5%

NLO QCD

NLO EW
NNLO QCD

perturbative

LO QCD + NLO mb

LO QCD + NLO mc

NLO QCD + LO mb

non-perturbative

B(B̄ → Xsγ)Eγ>1.6 GeV
SM = B(B̄ → Xceν̄)

[
Γ(b→ sγ)
Γ(b→ ceν̄)

]

LO

f

(
αs(MW )
αs(mb)

)

×
{

1 +O(αs) +O(α) +O(α2
s) +O

(
Λ2

m2
b

)
+O

(
Λ2

m2
c

)
+O

(
αs

Λ
mb

)}



Usual suspects in B→Xsγ

|C3−6(mb)| < 0.07

Leff = LQCD×QED +
4GF√

2
V ∗

tsVtb

8∑

i=1

Ci(µ)Qi + . . .

Q3−6 = (s̄Γib)
∑

q(q̄Γ
′
iq)

Q7 =
emb

16π2
(s̄LσµνbR)Fµν

Q8 =
gmb

16π2
(s̄LσµνT abR)Ga

µν

Q1,2 = (s̄Γic)(c̄Γ′
ib)

C8(mb) ≈ −0.15

C7(mb) ≈ −0.3

|C1,2(mb)| ≈ 1
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*HFAG ’06

Error budget of B→Xsγ at NLO in SM 

mc, mb

39%

αs(MZ)

25%

scales

22%

other

14%

BEγ>1.6 GeV
NLO = (3.33± 0.29)× 10−4, mc/mb = 0.26

BEγ>1.6 GeV
exp =

(
3.55± 0.24 +0.09

−0.10 ± 0.03
)
× 10−4 *

CLEO ‘95
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Belle ‘01
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WA
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B
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0−
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mc ⁄mb = 0.29 ± 0.04  (pole)

mc ⁄mb = 0.22 ± 0.04  (MS)
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Error budget of B→Xsγ at NLO in SM 

mc, mb
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scales

22%

other

14%

BEγ>1.6 GeV
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*HFAG ’06

Error budget of B→Xsγ at NLO in SM 

mc, mb

39%

αs(MZ)

25%

scales

22%

other

14% • scheme ambiguity associated 

with charm mass, first appearing 

at NLO, can only be resolved 

by dedicated NNLO calculation

BEγ>1.6 GeV
NLO = (3.33± 0.29)× 10−4, mc/mb = 0.26

BEγ>1.6 GeV
exp =

(
3.55± 0.24 +0.09

−0.10 ± 0.03
)
× 10−4 *



Flavor of NNLO B→Xsγ SM calculation

•very involved task as > 102  
3-loop on-shell & > 104 4-loop 
tadpole diagrams need to be 
computed 

matching
running
matrix elements



Flavor of NNLO B→Xsγ SM calculation

*Bobeth et al. ’00; Misiak & Steinhauser ’04

*Gorbahn & UH ’04; Gorbahn et al. ’05;
*Czakon et al. ’06
✝

*Bieri et al. ’03; Blokland et al. ’05; 
*Melnikov & Mitov ’05; Asatrian et al. ’05, ’06;
*Misiak & Steinhauser ’06

‡

matching
running
matrix elements

*
✝

‡



*Bieri et al. ’03     †Misiak & Steinhauser ’06

Interpolation in charm mass for B→Xsγ

✝

• (Q2, Q7) interference at NNLO 
known for arbitrary r = mc/mb in 
large β0  limit, while beyond-β0 

part only calculated for r >>1/2 

r ! 1/2

r ! 1/2

r ! 1/2

0 0.2 0.4 0.6 0.8
r

mc(mc)/m1S
b

δ i
[%

]

−10

−5

0

5

large-β0

beyond-β0

∝ C(0)
 C(2), C(1)

 C(1)
ii j j

∝ C(0)
 C(0)

i j

• assume that β0 piece describes 
full result accurately for mc = 0 
& perform interpolation in r

* ✝
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q q
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γ

γ

γγ

γ

γ

Non-local power corrections in B→Xsγ

• part involving Q7 & Q8 calculated in 

vacuum insertion approximation:

• size of power corrections difficult to 

estimate given present command of non-

perturbative QCD on light cone

• matrix elements of non-local operators 

promote corrections that scale like αsΛ3/mb 

& αsΛ2/mc  in heavy quark to αsΛ/mb2 

3

∆Γ78
VIA

Γ77
= −2παs

9

∑

q=u,d

Qq
C8

C7

f2
BmB

λ2
Bmb

≈ (−1.6± 1.4)%
*

*Lee et al. ’06



*Misiak et al. ’06
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perturbative
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mc-
interpolation
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First NNLO estimate of B→Xsγ in SM*



Photon energy cut effects in B→Xsγ

*Gardi & Andersen ’06     †Misiak et al. ’06     ‡Becher & Neubert ‘06
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• total rate cannot be measured

• at present experimental cut of     

E0 > 1.8 GeV on photon energy Eγ

• how big is rate in tail?

✝
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Photon energy cut effects in B→Xsγ

• to understand better if & 

how to precisely calculate 

tail of spectrum crucial

• total rate cannot be measured

• at present experimental cut of     

E0 > 1.8 GeV on photon energy Eγ

• how big is rate in tail?
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*Gardi & Andersen ’06     †Misiak et al. ’06     ‡Becher & Neubert ‘06
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*Ghinculov et al. ’03; Bobeth et al. ‘03; Huber et al. ‘05

B→Xsl+l− in SM: solved problems*

dB
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dq
2
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q2
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NNLO

• differential rate in low-q2 region 

allows high precision test of SM 

& constraints new physics:

Blow-q2

ll,SM = (1.60± 0.16)× 10−6

q2
0,SM = (3.76± 0.33) GeV2

• zero of FB asymmetry very 

interesting to determine sign & 

magnitude of C7/C9 ∝ −q0 :2



*Lee et al. ’06

B→Xsl+l− in SM: open issues
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• model-independent study of MX-

cut dependence of low-q2 

spectrum only known at NLO*

• consistent to cut out ψ, ψ’, ... & 

compare data with short-distance 

calculation?

• like in B→Xsγ difficult to quantify 

size of effects of non-local 

power corrections αsΛ/mb

−



SM

C7   > 0    
eff

C < 0    

     

CMFV: combining B→Xsγ & B→Xsl+l−π+

*Gambino et al. ’04

SM

• opposite sign of C7 

disfavored by B→Xsl+l− 

measurements*

effC7   > 0    
eff

SMC < 0    

ΔC 

diL d̄jL

f f
Z

diL

γ

d̄jR

× ΔC

× ΔC7 eff



SM
C7   > 0    

eff

C < 0    

     

CMFV: combining B→Xsγ,l+l− & K+→π+νν

*Bobeth et al. ’05

diL d̄jL

f f
Z

diL

γ

d̄jR

× ΔC

× ΔC7 eff

SM

C7   > 0    
eff

SMC < 0    

• large destructive       

Z-penguin allowed by 

flavor constraints*



SM

C7   > 0    
eff

CMFV: combining B→Xsγ,l+l− & K+→π+νν

*Bobeth et al. ’05

diL d̄jL

f f
Z

diL

γ

d̄jR

× ΔC

× ΔC7 eff

SM

C7   > 0    
eff

SM

• 2015 (?): measurement 

of K+→π+νν close to 

SM excludes ΔC ≈ −2*



SM

C7   > 0    
eff

CMFV: combining B→Xsγ,l+l− & Z→bbπ+

*UH & Weiler ’07 (?)

SM

C7   > 0    
eff

SM

diL d̄jL

f f
Z

diL

γ

d̄jR

× ΔC

× ΔC7 eff

• existing Z→bb data 

rule out large CMFV 

Z-penguin*



SM

C7   > 0    
eff

CMFV: combining B→Xsγ,l+l− & Z→bbπ+

*UH & Weiler ’07 (?)

SM

C7   > 0    
eff

SM

∝ |Vtb|2
m2

t

M2
W

THDM

Z∗

dj

di

G±

G±

t

MSSM

Z

b

b

G±

G±

t

ACD

Z

s

b

a±

(k)

a±

(k)

Ut(k)

LHT

Z

f = q, !

= q, !

Z

Z

f = q, !

Z

∝ V ∗
tjVti

m2
t

M2
W

THDM

Z∗

dj

di

G±

G±

t

MSSM

Z

b

b

G±

G±

t

ACD

Z

s

b

a±

(k)

a±

(k)

Ut(k)

LHT

Z

f = q, !

= q, !

Z

Z

f = q, !

Z∗

• based on observation 

that in CMFV Z→bb, 

didj are “identical”*



After this “upset” of rare K-decays ...

K+ → π+νν̄

KL → π0νν̄

KL → π0l+l−



Cecilia & Chris will tell you now why ...

K+ → π+νν̄

KL → π0νν̄

KL → π0l+l−



concerning physics beyond MFV ...

K+ → π+νν̄

KL → π0νν̄

KL → π0l+l−



these modes are superpowers ...

K+ → π+νν̄

KL → π0νν̄

KL → π0l+l−



... of flavor landscape 

10−3

10−6

10−9

10−12

10−15

branching ratio

K+ → π+νν̄

KL → π0νν̄

KL → µ+µ−

B̄ → Xsγ

B̄ → Xsl
+l−

KL → π0l+l−

Bs → µ+µ−

B̄ → K∗γ

B̄ → K(∗)l+l−

∆MK,d,s

Bd → µ+µ−

B̄ → Xdγ

µ→ eγ, . . .

B → Kπ, . . .

εK , ε′/ε

B̄ → Xdl
+l−



Recent determinations of charm mass

1.1 1.2 1.3 1.4 1.5 1.6

Kühn et al. ‘07

Buchmüller & Flächer ‘05

Hoang & Manohar ‘05

Hoang & Jamin ‘04

deDivitiis et al. ‘03

Rolf & Sint ‘02

Becirevic et al. ‘02

Kühn & Steinhauser ‘01

PDG ‘06

mc(mc) [GeV]

[1.21, 1.34]
mc(mc) [GeV] method

1.286 ± 0.013 low-momentum sum rules, N3LO

1.24 ± 0.07 fit to B-decay distribution, αsβ0

1.224 ± 0.017 ± 
0.054 

fit to B-decay data, αsβ0

1.29 ± 0.07 NNLO moments

1.319 ± 0.028 lattice, quenched

1.301 ± 0.034 lattice, quenched

1.26 ± 0.04 ± 0.12 lattice, quenched

1.304 ± 0.027 low-momentum sum rules, NNLO

1.25 ± 0.09 PDG 2006

mc(mc) [GeV] method

2

2



*Misiak & Steinhauser ’06     †   Hoang & Manohar ’05

Parametric errors in B→Xsγ at NNLO*

✝

17%

22%

30%

30%mc(mc)

2.8%

C

2.8%

αs(MZ)

2%

BRsl

1.6%

mc(mc) = (1.224± 0.017± 0.054) GeV
✝

• parametric uncertainty related 

to charm mass already slightly 

smaller than estimated left over 

scheme ambiguity 



Future (?) CKM fit from K→πνν*

*Buras et al. ’05, ’06

B(K+ → π+νν̄) = (8.0± 0.8)× 10−11

B(KL → π0νν̄) = (3.0± 0.3)× 10−11

Future (?)
σ(|Vtd|)
|Vtd|

= ±4.0%

σ(sin 2β) = ±0.024

σ(γ) = ±4.7◦

NLO
(theory error only)

σ(|Vtd|)
|Vtd|

= ±1.0%

σ(sin 2β) = ±0.006

σ(γ) = ±1.2◦
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Future (?)

1 – CL

K+ → π+νν̄

KL → π0νν̄

• nice CKM fit from K→πνν, almost 

comparable to present global 

analysis, but not ultimate goal 

NNLO
(theory error only)



(s = q2/m2
b , z = cos θ, θ : ! b, l+)
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dsdz

∼
{
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[
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) }

≡ HT + HL + HA{ {

∼ AFB∼ Γ

• angular decomposition:
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FIG. 1: Constraints in the C9 − C10 plane. Left: Γ(1, 3.5) (light gray), Γ(3.5, 6) (dark gray), HA(1, 3.5) (light green), and
HA(3.5, 6) (dark green). Right: HT (1, 6) (blue), HL(1, 6) (orange), HA(1, 6) (green), and for comparison Γ(1, 6) (gray). The
black dot denotes the SM values used as central values. The yellow regions show the combined constraints. The error estimates
are discussed in the text.

HA(1 , 3.5)/Γ0 = −C10 (70.19 C9 + 1401. C7 − 121.5) ,

HA(3.5 , 6)/Γ0 = −C10 (111.8 C9 + 1051. C7 − 80.91) ,

HL(1 , 6)/Γ0 = 315.2 (C2
9 + C2

10) + 1377. C2
7 + 1299. C7C9 + 33.41 C9 + 86.86 C7 − 72.87 . (14)

The major uncertainties in Eqs. (14) arise from higher
order perturbative corrections, mb and mc. Varying the
renormalization scale between mb/2 and 2mb, we get less
than 5% uncertainty in the coefficients of the dominant
terms in Eq. (14). Since the difference mb −mc is known
precisely [27] we vary mb and mc in a correlated man-
ner, which gives a 1–5% uncertainty. The uncertainties
from other input parameters and higher order correc-
tions in 1/mb are much smaller. The uncertainties from
the electroweak matching scale, µ0, and the top-quark
mass, mt, in Eq. (14) are negligible, because they pri-
marily enter via the SM values of the Ci. Using the SM
values of Ci from Table I and Eq. (14) we obtain the
SM prediction for the B → Xs!+!− branching ratio for
1 GeV2 < q2 < 6 GeV2,

τBΓ(1, 6) =
(

1.575 ± 0.067[µ] ± 0.051[mb,mc]

± 0.041[mt] ± 0.019[µ0]

)

× 10−6 . (15)

This agrees well with Refs. [16, 20].
To obtain a reasonable estimate of the future uncer-

tainties, we scale the current measurements [2, 3] to
1 ab−1 luminosity, which gives about 10% statistical un-
certainty for Γ(1, 6). We assume that the Hi are mea-
sured with the central values given by the SM. The sta-
tistical error of HT and HL is obtained by scaling by

the number of events compared to Γ(1, 6). In the case of
HA we take the same absolute statistical error for 3/4HA

as for the total rate integrated over the same q2-region.
The reason is that 3/4HA corresponds to the difference
between the rates for positive and negative cos θ, which
has the same absolute statistical error as the sum. To
this we add in quadrature a 20% systematic uncertainty
for all Hi, to account for experimental systematics and
theoretical uncertainties. From each observable’s total
error we build χ2 for the individual and combined con-
straints, and Figs. 1 and 2 show the ∆χ2 = 1 regions
in the C9 − C10 plane. Since B → Xsγ will always be
measured with higher precision than B → Xs!+!−, we
consider the value of C2

7 to be known from B → Xsγ and
assume its sign is negative as in the SM (since there is
an overall sign ambiguity).

On the left-hand side in Fig. 1 we show the con-
straints from Γ(1, 3.5) (light gray), Γ(3.5, 6) (dark gray),
HA(1, 3.5) (light green), and HA(3.5, 6) (dark green).
This plot shows that splitting Γ(1, 6) into two regions
is not really useful because a very similar linear combi-
nation of Wilson coefficients is constrained. As is well-
known, splitting HA(1, 6) into two regions is very use-
ful, since different combinations of coefficients are con-
strained by each region. (This is also the reason why the

SM

*Lee et al. ’06
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HT,L,A(q2
1 , q2

2) ≡
∫ q2

2

q2
1

dq2HT,L,A(q2)
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FIG. 2: Constraints in the C9 − C10 plane. Left: HT (1, 6) (blue), HL(1, 6) (orange), HA(1, 3.5) (light green), and HA(3.5, 6)
(dark green). Right: as on the left, but HT split into HT (1, 3.5) (blue), and HT (3.5, 6) (light blue). The dark blue regions in
the right plot show the constraint from the two HT observables alone. All other notations are as in Fig 1.

zero of the forward-backward asymmetry is interesting to
study.) The plot on the right in Fig. 1 shows that split-
ting Γ(1, 6) into HT (1, 6) (blue) and HL(1, 6) (orange)
gives a very powerful constraint. This shows the power
of separately measuring HT and HL as advocated in the
introduction. The observables shown in this figure are
sufficient to extract the absolute values |Ci| and the sign
of C9 relative to C7. Also displayed is the constraint from
Γ(1, 6) (gray), which shows that separating Γ into HT

and HL significantly improves the constraints. However,
because of its large relative error, HA(1, 6) (green) does
not provide a good constraint.

The left plot in Fig. 2 shows that HA still gives sensitiv-
ity to the sign of C10. Using the two integrals HA(1, 3.5)
and HA(3.5, 6) allows one to distinguish between the pos-
itive and negative solutions for C10. Combined with the
tighter constraints from splitting Γ into HT and HL, the
splitting of HA into these two regions can substitute for
the information from the zero of the AFB. The plot
on the right in Fig. 2 shows that splitting HT (1, 6) into
HT (1, 3.5) and HT (3.5, 6) can further overconstrain the
determination of the Wilson coefficients. The dark blue
region in the right plot in Fig. 2 shows the combined con-
straint from only the two HT integrals. The requirement
that the HL constraint has to overlap with it effectively
provides a consistency test on the value of C7 extracted
from B → Xsγ. It can also play an important role in
the search for physics beyond the SM. If the new physics
introduces low energy operators with a helicity structure
different from the SM, it will affect HL and HT differ-
ently, because of their different polarizations.

It would also be interesting to explore experimentally

whether the influence of the J/ψ resonance turns on at
similar q2 values in HT , HA, and HL. Since we have
no information on the J/ψ polarization in inclusive B →
J/ψXs decay, it is possible that the upper cut on q2 can
be extended past 6 GeV2 in some (but maybe not all)
of these observables, which may improve the statistical
accuracy of the measurement.

IV. EXCLUSIVE B → K
∗
!
+

!
−

We now turn to the exclusive decay B → K∗#+#−.
While the theoretical uncertainties are larger than in
the inclusive analysis, measuring the exclusive mode is
simpler and it may be the only possibility at LHCb.
Compared to inclusive decays, the exclusive measure-
ments go closer to q2 = m2

ψ; 8.1 GeV2 at Belle [4] and

8.4 GeV2 at Babar [5]. In this region of phase space
EK∗ varies only between 1.9 GeV < EK∗ < 2.7 GeV,
which helps controlling some theoretical uncertainties.
In our general discussion we will consider for simplic-
ity 0.1 GeV2 < q2 < 8 GeV2, where the precise values
of neither limits are important (the lower limit can be
replaced by any experimentally appropriate value above
4m2

"). However, for numerical comparisons of our results
with the data, we use the limits used in the experimental
analysis.

In this section we explain that, similar to inclusive
decays, all the information obtainable can be extracted
from a few integrated rates. To obtain the most infor-
mation on the ratios of Wilson coefficients, Belle [4] per-
formed a maximum-likelihood fit to the double differen-

SM

d2Γ
dsdz

∼
{

(1 + z2)

[(
C9 +

2
s
C7

)2

+ C2
10

]

+(1− z2)
[
(C9 + 2C7)2 + C2

10

]

−4zsC10

(
C9 +

2
s
C7

) }

≡ HT + HL + HA{ {

∼ AFB∼ Γ

(s = q2/m2
b , z = cos θ, θ : ! b, l+)

• angular decomposition:
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Bounds on ΔC & ΔC7   from B→Xsγ,l+l− & Z→bbπ

*UH & Weiler ’07 (?)

eff

SM

C7   > 0    
eff

SM

C7   > 0    
eff

SM

∆C = [−0.486, 0.366] (95% CL)

∆Ceff
7 = [−0.104, 0.026] ∪

[0.891, 0.968] (95% CL)

• large corrections to off-shell 

photon penguin still allow 

for “wrong” sign of ΔC7
eff



*Belle ’05; BaBar ’06

Hunting Z-penguin with B→K*l+l−

• hints towards exclusion of 

large destructive Z-penguin:  

|ΔC| < 1.5~

−

• forward-backward asymmetry in 

B→K*l+l− excludes C9C10 > 0 at 

95% CL* 

FB asymmetry in B → K∗l+l−
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• sign of A7 A10 not yet determined
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large negative Z-penguin amplitude
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SM

C9C10 > 0 C9 < 0, C10 > 0

C10 > 0

C7   < 0eff
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