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Outline
• Standard Model( SM) Signals:

• The Bd → K0K̄0 decays and measuring α.

• Polarization Puzzles and testing explanations of the puzzles using
b → d penguin dominated processes.

• Large Triple Products in Bd → K0∗K̄0∗ and other b → d penguin
dominated processes.

• New Physics( NP) Signals:

• The B → Kπ decays and fitting NP parameters.

• The B → ρK∗ decays and polarization predictions. B → V T Decays.
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Outline
• b → s Penguin/ Penguin Dominated B → V V Decays and measuring
NP parameters.

• CP violation with hadronic tau decays.

• Conclusions.
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Bd → K0K̄0 Decays

• This is a pure penguin process and hence sensitive to new physics.

• In general there are contributions from each of the internal quarks u,
c and t. However, using the unitarity of the
Cabibbo-Kobayashi-Maskawa (CKM) matrix, one can eliminate the
c-quark contribution and write

A ≡ A(B0
d → K0K̄0) = V ∗

ubVud[(Pu − Pc)]

+ V ∗
tbVtd[(Pt − Pc)] .
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Bd → K0K̄0 Decays

A ≡ A(B0
d → K0K̄0) = V ∗

ubVud[(Pu − Pc)]

+ V ∗
tbVtd[(Pt − Pc)] .

• The amplitude Ā describing the conjugate decay B̄0
d → K0K̄0 can

be obtained from the above by changing the signs of the weak phases.

•The amplitudes A and Ā thus depend on four unknown parameters:

Ptc ≡ |[(Pt − Pc)]V
∗
tbVtd|,

Puc ≡ |[(Pu − Pc)]V
∗
ubVud|,

and the relative strong phase ∆ ≡ δuc − δtc, and the weak phase α.
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Bd → K0K̄0 Decays

• There are three measurements which can be made of B0
d → K0K̄0:

the branching ratio, and the direct and mixing-induced CP-violating
asymmetries. These yield the three observables

X ≡ 1

2

(
|A|2 + |Ā|2

)
=P2

uc + P2
tc − 2PucPtc cos∆ cos α ,

Y ≡ 1

2

(
|A|2 − |Ā|2

)
=−2PucPtc sin∆ sinα ,

ZI ≡ Im
(
e−2iβA∗Ā

)
=P2

uc sin 2α − 2PucPtc cos ∆ sinα .

• One can partially solve the equations to obtain

P2
tc =

ZR cos 2α + ZI sin 2α − X

cos 2α − 1
,

Z2
R

= X2 − Y 2 − Z2
I
.

• Hence we need a theory input to solve for α. We will discuss 2
possible theory inputs to solve for α.
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Theory Input 1

• Using flavor SU(3) Ptc can be obtained from Bs → K0K̄0. The
amplitude for Bs → K0K̄0 is given by

A(Bs → K0K̄0) = V ∗
ubVus(P

′
u − P ′

c)

+ V ∗
tbVts(P

′
t − P ′

c) ,

≈ V ∗
tbVts(P

′
t − P ′

c),

where the prime indicates a b̄ → s̄ transition.

• The decay Bs → K0K̄0 thus basically involves only
P ′

tc ≡ |(P ′
t − P ′

c)V
∗
tbVts|, and this quantity can be obtained from its

branching ratio.

• In the limit of perfect flavor SU(3) symmetry, P ′
tc = Ptc, apart from

known CKM matrix elements. Thus, the measurement of P ′
tc gives the

necessary theory input for extracting α from B0
d → K0K̄0.
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Theory Input 2

• Rewrite amplitude - eliminate the t-quark contribution from the
penguin amplitude

A(B0
d → K0K̄0) = V ∗

ubVudT + V ∗
cbVcdP ,

where P ≡ (Pc − Pt) and T = (Pu − Pt) are complex quantities.

• Compared to the previous parameterization

|P V ∗
tbVtd| = Ptc

|(T − P )V ∗
ubVud| = Puc

• Using experimental input,

P2
uc =

ZR − X

cos 2α − 1
.

• We need a theory input for Puc.
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• In factorization approaches like QCDf, pQCD etc the difference
∆d ≡ T − P is a well defined calculable quantity free of these
dangerous IR divergences.

|∆d| = (2.96 ± 0.97) × 10−7 GeV .

• The errors in |∆d| can be reduced with further improvements in
theory like better estimate of mc, form factors(lattice) etc.

• Note that this method does not require the Bs → K0K̄0 decays.
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The Polarization puzzle

•B → V1V2 has 3 amplitudes: AL(A00), A−−, A++( A⊥, A‖)

• Consider b → f q̄q where f = s, d and q = u, d, s. Weak interactions
are (V − A) and so the weak transition is

bL → fLq̄RqL

Helicity ⇒ AL no helicity flip ∼ O(1)
A−− one helicity flip ∼ O(mV /mB). mV = mV1,V2 .
A++ two helicity flips ∼ O(m2

V /m2
B)

For B → V1V2 where V1,2 are light:

fL >> f−− >> f++

fi =
Γi

Γtotal

where i = L,−−, ++.
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•Expt:fL(B → ρρ) = 1 to a very good approximation.
fL(B → φK∗) = 0.49 ± 0.04 ⇒ fT is large.

•Two main explanations have been put forward for the large fT -
Rescattering and Penguin Annihilation.

• RESCATTERING: rescattering is important for penguin decays and
helicity arguments do not apply. Note B → ρρ is a tree dominated
decay and rescattering is small.

b u

W −

cb

W − s

c
_

X= D* D*, D*D* K...c s

_
q

_
b u

W − s

u
_

X= ρ K,* ρ ρ K *...u

Xu

q
_

B
_

B

φ

K*

φ

K*

cX

•But rescattering calculations predict: f++ ∼ f−− but experiments give
f−− >> f++.
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Penguin Annihilation
•Annihilation topologies generated by the top penguin operator (PA)
may cause large transverse polarization
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•Controversial: PA is higher order in ΛQCD

mb
and expected to be small.

No evidence of PA is decays like Bd → K+∗K−∗.

•PQCD PA contributions cannot explain the data. QCDF PA are

divergent- parameterize by unknown parameters- fit parameters to the

data.
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•Generic prediction -For penguin/penguin dominated decays to light
final states fT

fL
is large.

Mode B(10−6) fL f⊥

φK∗0 9.5 ± 0.9 0.49 ± 0.04 0.27+0.04
−0.03

φK∗+ 10.0 ± 1.1 0.50 ± 0.05 0.20 ± 0.05

φK∗0
2 7.8 ± 1.1 ± 0.6 0.853+0.061

−0.069 ± 0.036 0.045+0.049
−0.040 ± 0.013

ρ+K∗0 9.2 ± 1.5 0.48 ± 0.08 –
ρ0K∗0 5.6 ± 1.6 0.57 ± 0.12 -
ρ−K∗+ < 12.0 –
ρ0K∗+ (3.6+1.9

−1.8) (0.9 ± 0.2) –
K∗0K̄∗0 (0.49+0.16

−0.13 ± 0.05) 0.81+0.10
−0.12 ± 0.06 –

ET =
f+

T
BR+ − 2f0

T
BR0

f+
T BR+

≈ 0 .
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b → d Transitions
• So far large fT has been observed in b → s transitions.

AT ∼ VcbV
∗
csPc ( Rescattering)

AT ∼ VtbV
∗
tsPt ( PA)

At present cannot distinguish PA from rescattering

anti d anti u

s

b d
anti s

s
B

W
b s

anti d

d
B

W

u c t u c t K*

ρ

K*

K*

g g

__

__

B −−>  K* K* B −−>  ρ  K*
__ _

_

_

__

• fT in penguin dominated b → d transitions should also be large in the
SM.

•In SM (fT /fL)K̄∗K ∼ (fT /fL)K̄∗ρ− and large.
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B → V1V2 Decays

•Time dependent angular analysis give,

Γ(B
(—)

(t) → V1V2) = e−Γt
∑

λ≤σ

(
Λλσ±Σλσ cos(∆Mt)∓ρλσ sin(∆Mt)

)
gλgσ .

Λλλ =
1

2
(|Aλ|2 + |Āλ|2), Σλλ =

1

2
(|Aλ|2 − |Āλ|2),

Λ⊥i = −Im(A⊥A∗
i −Ā⊥Ā∗

i ), Λ‖0 = Re(A‖A
∗
0+Ā‖Ā

∗
0),

Σ⊥i = −Im(A⊥A∗
i +Ā⊥Ā∗

i ), Σ‖0 = Re(A‖A
∗
0−Ā‖Ā

∗
0),

ρ⊥i =Re
(
e−iφq

M

[
A∗

⊥Āi+A∗
i Ā⊥

])
, ρ⊥⊥=Im

(
e−iφq

M A∗
⊥Ā⊥

)
,

ρ‖0 =−Im
(
e−iφq

M [A∗
‖Ā0+A∗

0Ā‖]
)
, ρii =−Im

(
e−iφq

M A∗
i Āi

)
,

where i = {0, ‖} and φq
M is the weak phase factor associated with

B0
q–B̄0

q mixing.
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PA or Rescattering

•We can distinguish PA from rescattering by measuring the weak
phase of the transverse amplitudes- possible in B0

d → K∗0K̄∗0 through
time dependent angular analysis.

•Measurement of ρaa

Λaa
where a = ‖,⊥ give the weak phases of the

transverse amplitudes. The strong phases cancel!

AT ∼ VcbV
∗
cdPc. No weak phase ( Rescattering).

AT ∼ VtbV
∗
tdPt. Weak phase is β (PA).

•If non SM weak phase ⇒ New physics! in b → d transitions.
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Triple Products

• If CPT is conserved (local and Lorentz invariant field theory) then
CP violation implies T violation .

• T-violation in B decays can be measured via Triple Product
Correlations(TP).

• Triple Products are products of vectors of the type
T.P = ~v1 · (~v2 × ~v3).
~vi are spin or momentum vectors.

• Under time reversal T: t → −t
T.P → -T.P

• In B → V1V2 decays we can construct the T.P

T.P =~p · (~ε1 × ~ε2).
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How to Measure T-violation

• We can define a T-odd asymmetry

ÃT =
Γ[T.P > 0] − Γ[T.P < 0]

Γ[T.P > 0] + Γ[T.P < 0]
.

• ÃT is not a measure of true T-violation: ÃT 6= 0 with strong phases
and no weak phase.

• For true T violation we need to compare ÃT and ÃT (T-odd
asymmetry for the C.P conjugate process.
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Triple Products

•The Triple Product Asymmetries (TPA) can be measured by a time
independent angular analysis through,

AT =
Λ⊥i∑
λ Λλλ

=
−Im(A⊥A∗

i −Ā⊥Ā∗
i )∑

λ Λλλ

where i = {0, ‖}.
•These are T-odd CP violating quantities.

•TPA vanish if a decay is dominated by a single amplitude like
B → φK∗. However in b → d transitions like B0

d → K∗0K̄∗0 there are
two amplitudes with a relative large weak phase in the SM.

•Hence if (fT /fL) is large in these decays then we expect O(1) T.P

asymmetries in the SM- new large CP violating effects in the SM !!
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NEW PHYSICS
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New Phases from New Physics

• CPV in the SM is large.

• All CPV in SM ∝ η ∼ O(1).

• VCKM is unitary: V †
CKMVCKM = 1 ⇒ 3 angles and 6 phases.

• Weak Interactions couple only to LH quarks: Can reabsorb 5 phases
in quark field definitions.
• Only one weak phase η.

• Consider a NP scenario, e.g. Left-Right Symmetric Models:

• New phases associated with the RH mixing matrix, VR.

• Can no longer absorb the phases of VR: 6 new phases.
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Bottom line
• CPV in the SM is large: CP is not a symmetry or approximate
symmetry of Nature.

• Any New Physics will have new CP phases.

• No reason to expect the new CP phases are small ⇒ it is likely we
will see deviations from the SM.

• Study of CPV is a good place to look for NP.
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Flavor Problem
The important question: NP at what scale ?

The contribution of NP operators to meson mixing can be represented
by higher dimension operators:

cNP (d̄q)2/Λ2

where q = s, b.
The measurement of the K and the Bd system tell us that
Λ ≥ 100 TeV !!! if cNP ∼ 1

Note K(B) mixing in SM is small because of loop and small
parameters like λ = 0.22

For e.g. B mixing ∼ Loop ×V 2
td and Vtd ∼ λ3
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• But we expect Λ ∼ TeV to stabilize the Higgs mass!

• cNP has the same suppression as in the SM so Λ ∼ TeV ⇒ strong
constraints on the flavor structure of NP expected to be revealed at
LHC.
or
if cNP ∼ 1 then flavor physics probes physics at scales way beyond the
reach of present or future experiments.

•Hence new Super B factories will help us understand the flavor
structure of new physics at a TeV or probe new physics effects at much
higher scale( 10-100 TeV) beyond the reach of existing and upcoming
colliders.

Interesting Signals in B and Tau Decays – p.24



NP- Where?
FCNC are very rare in SM and only arise as quantum corrections or
Loops. E.g. B → φKs ( b → sg)

Beyond the SM FCNC may occur at tree level or loops and compete
with the SM contribution.

Hence these decays are excellent probes of beyond the SM physics.
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B → φKs-NP models

• Many NP models can produce deviation from the SM for B → φKs
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B → φKs- Mixing CP

B → φKs is a pure penguin process dominated by single amplitude

A(B → φKs) = (Pt − Pc)VtbV
∗
ts + (Pu − Pc)VubV

∗
us ≈ (Pt − Pc)VtbV

∗
ts

and so in SM

amix(B → φKs) = sin 2β = 0.678 ± 0.026 .

but Expt:amix(B → φKs) = 0.39 ± 0.18 .
There are many other final states, η′Ks, π

0Ks, f0Ks, ... for which
amix = sin 2β in the SM.
Expt:amix(combined) = 0.53 ± 0.05 .
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amix for b → s transitions

sin(2βeff) ≡ sin(2φe
1
ff)

b→ccs

φ K0

η′  K0

KS KS KS

π0 KS

ρ0 KS

ω KS

f0 K
0

π0 π0 KS

K+ K- K0

-3 -2 -1 0 1 2 3

World Average 0.68 ± 0.03

Average 0.39 ± 0.18

Average 0.61 ± 0.07

Average 0.58 ± 0.20

Average 0.33 ± 0.21

Average 0.20 ± 0.57

Average 0.48 ± 0.24

Average 0.42 ± 0.17

Average -0.72 ± 0.71

Average 0.58 ± 0.13

H F A GH F A G
Moriond 2007
PRELIMINARY
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• Note that NP will effect different final states differently.

HNP ∼ s̄γ5bs̄γ5s

There can be a contribution to B → η′Ks but not to B → φKs as

s̄γ5b → B → Ks

s̄γ5s → η′

but not φ.

• Hence by observing NP effects in different final states allows us to

obtain information about the Lorentz structure of NP.
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NP in b → s Decays

• If there is NP in b → s transitions then it should show up in many
decays:
In B → φK(K∗) which is a b → ss̄s transition.

• Decays with b → sq̄q quark transition with q = u, d should be affected
like B → Kπ, ρK∗.

• Models that generate new b → sg → sq̄q penguins(SUSY, LR, extra
dim) will produce same effect for q = u, d, s.

• Models that generate new electroweak terms will in general couple to
q = u, d, s differently.

• Hence a combined NP fit to all the decays where there are deviations

from SM will point to the flavor nature of NP.
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B → Kπ Decays

•Let Ai,j = B → Kiπj =< KIπj |Heff |B > then we have the following
decays:
B+ → π+K0 (A+0)
B+ → π0K+ (A0+)
B0

d → π−K+ (A−+)
B0

d → π0K0(A00)

A+0 = −P ′ + P ′
uce

iγ − 1

3
P ′C

EW
,

√
2A0+ = −T ′eiγ − C′eiγ + P ′ − P ′

uce
iγ

− P ′
EW

− 2

3
P ′C

EW
,

A−+ = −T ′eiγ + P ′ − P ′
uce

iγ − 2

3
P ′C

EW
,

√
2A00 = −C′eiγ − P ′ + P ′

uce
iγ − P ′

EW
− 1

3
P ′C

EW
.
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B → Kπ- SM
•In the SM the amplitudes for the four decays can be related by
isospin.
The four decays can be represented by the following amplitudes:

• |T |
|P | =

VubV ∗

us

VcbV ∗

cs

c1

ct
∼ 0.2, |C|

|P | ∼ 1

Nc

|T |
|P | ∼ 0.04, |PEW |

|P | ∼ 0.14.
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B → Kπ puzzle

Table 1:
Mode BR(10−6) Adir Amix(S)

B+ → π+K0 23.1 ± 1.0 0.009 ± 0.025

B+ → π0K+ 12.9 ± 0.6 0.050 ± 0.025

B0
d → π−K+ 19.4 ± 0.6 −0.097 ± 0.012

B0
d → π0K0 9.9 ± 0.06 −0.14 ± 0.11 0.38 ± 0.19

•Puzzles:
Puzzle 1: Adir(B

+ → π0K+) = Adir(B
0
d → π−K+) using isospin if

electroweak penguins(EWP) are neglected. In the SM the EWP are
not big enough to explain the data. Need new EWP to explain the data.

Puzzle 2: B0
d → π0K0 is dominated by a single amplitude and so in SM

and hence,
Adir = 0 and Amix = sin 2β = 0.68 ± 0.03 in disagreement with data.
Again need new EWP to explain the data.
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B → Kπ puzzle

•BR( Rc,n) of the Kπ modes are consistent with SM. The puzzles are
in the CP measurements.

•Puzzle 1 can be resolved by an accidental equality of the strong
phase in (T + C) and P amplitudes(PQCD). How stable is this equality
to higher order corrections?

Puzzle 1 can be resolved including ΛQCD

mb
corrections- General

Parameterization( Silvestrini).

In units of 10−2

PQCD GP exp

Sπ0KS
74+2

−3 74.3 ± 4.4 38 ± 19

SφKS
71+1

−1 71.5 ± 8.7 39 ± 18

•Puzzle 2(central value) remains unresolved. A precise measurement

of S is crucial. Many NP models can solve Puzzle 1 but not Puzzle 2(

e.g. MSUGRA).
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B → Kπ puzzle- all data

A+0 = −P ′ + P ′
uce

iγ − 1

3
P ′C

EW
,

√
2A0+ = −T ′eiγ − C′eiγ + P ′ − P ′

uce
iγ

− P ′
EW

− 2

3
P ′C

EW
,

A−+ = −T ′eiγ + P ′ − P ′
uce

iγ − 2

3
P ′C

EW
,

√
2A00 = −C′eiγ − P ′ + P ′

uce
iγ − P ′

EW
− 1

3
P ′C

EW
.

•Keep all amplitudes- no assumption about their sizes. We now have
eight theoretical parameters: |P |, |Puc|, |T |, |C|, γ, and three relative
strong phases. With nine pieces of experimental data, we can perform
a fit.

•However fit gives |C/T | = 1.6 ± 0.3 about 10 times bigger than
expected size. Such large |C/T | are not seen in other decays including
decays like B → ππ which are related to B → Kπ by SU(3) symmetry.
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New Physics- General

The low energy structure of new physics( b → s) can have the general
form

HNP =
∑

ij

cijOij,q
NP

+
∑

ij

dijOij,q
NP C

,

Oij,q
NP

∼ s̄αΓibα q̄βΓjqβ,

Oij,q
NP C

∼ s̄αΓibβ q̄βΓjqα,

where the Γi,j represent Lorentz structures. There are a total of 20
possible NP operators.
•Define

∑
〈f | Oij,q

NP
|B〉 = AqeiΦq ,

∑
〈f | Oij,C,q

NP C
|B〉 = AC,q

NP eiΦC
q .
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New Physics- Kπ

A+0 = −P ′ + A′C,deiΦ′C
d ,

√
2A0+ = P ′ − T ′ eiγ − P ′

EW

+ A′,combeiΦ′ −A′C,ueiΦ′C
u ,

A−+ = P ′ − T ′ eiγ −A′C,ueiΦ′C
u ,

√
2A00 = −P ′ − P ′

EW
+ A′,combeiΦ′

+ A′C,deiΦ′C
d ,

A′,combeiΦ′ ≡ −A′,ueiΦ′

u + A′,deiΦ′

d .
•The best fit is obtained for models with
Acomb = ANP , Au

C ∼ Ad
C ∼ 0.

This can come from NP that is not isospin conserving.

This points to electroweak penguins(EWP) and to certain color struc-

tures of the NP operators- color allowed EWP (cij 6= 0, dij ∼ 0).
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NP Models that might work

•For models that produce new QCD penguins (LR models, SUSY with
squark mixing, extra dim) the NP is isospin conserving and
Acomb = 0, Au

C = Ad
C = ANP - do not work but

φ

b −−>   s qq

b

 u

s

B

b  s
X

u

g~ g~

_ _

 u

b

 d

s

B

b  s
X

d
~

g~ g~

_ _

 d

~

~ ~ ~ ~

_ _ _

•SUSY with different up and down squark masses(Trojan penguins).

•FCNC with Z or Z ′.

•FCNC through scalar exchange- colored scalar not allowed.
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B → ρK∗

•Can we understand the polarization data with new physics?

Mode B(10−6) fL f⊥

φK∗0 9.5 ± 0.9 0.49 ± 0.04 0.27+0.04
−0.03

φK∗+ 10.0 ± 1.1 0.50 ± 0.05 0.20 ± 0.05

φK∗0
2 7.8 ± 1.1 ± 0.6 0.853+0.061

−0.069 ± 0.036 0.045+0.049
−0.040 ± 0.013

ρ+K∗0 9.2 ± 1.5 0.48 ± 0.08 –
ρ0K∗0 5.6 ± 1.6 0.57 ± 0.12 -
ρ−K∗+ < 12.0 –
ρ0K∗+ (3.6+1.9

−1.8) (0.9 ± 0.2) –
K∗0K̄∗0 (0.49+0.16

−0.13 ± 0.05) 0.81+0.10
−0.12 ± 0.06 –

•Note Kπ Puzzle allows

4GF√
2

∑

A,B=L,R

{
fAB

q b̄γAs q̄γBq + gAB

q b̄γµγAs q̄γµγBq
}

.

•Can these operators explain the polarization pattern in B → ρK∗ ?
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B → ρK∗

Taking into account also all polarization data in B0
d → ρK∗

Operator A0 A‖ A⊥

fRR

d O(mV /mB) 2
√

2ζ⊥ρZ
RR

d 2
√

2ζ⊥ρZ
RR

d

fLL

d O(mV /mB) −2
√

2ζ⊥ρZ
LL

d 2
√

2ζ⊥ρZ
LL

d

fRL

d −2ζ‖ρ(gK∗/gT

K∗)ZRL

d O(mV /mB) O(mV /mB)

fLR

d 2ζ‖ρ(gK∗/gT

K∗)ZLR

d O(mV /mB) O(mV /mB)

gRR

d
1

Nc
ζ‖ρ(gK∗/gρ)X

RR

d O(mV /mB) O(mV /mB)

gLL

d − 1

Nc
ζ‖ρ(gK∗/gρ)X

LL

d O(mV /mB) O(mV /mB)

•A low energy theory that contains operators OAA ∼ b̄γAsq̄γBq with
A = L, R and q = d, s are allowed. NP couples dominantly to down
type quarks.

•These operators produce large fT in ρ+K∗0 and ρ0K∗0 but NOT in
ρ0K∗+. Assuming SU(3) symmetry of the NP the φK∗ and the φK∗

2

data can also be explained.
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NP with B → V V Decays
•In penguin/ penguin dominated b → s processes we can measure NP
parameters and weak phases.
•From a time dependent angular analysis we get,

Γ(B
(—)

(t) → V1V2) = e−Γt
∑

λ≤σ

(
Λλσ±Σλσ cos(∆Mt)∓ρλσ sin(∆Mt)

)
gλgσ .

•There are 18 observables and 11 are independent.
We can write the general amplitude including NP as,

Aλ ≡ Amp(B → V1V2)λ = aλeiδλ + Aq
λeiΦq ,

Āλ ≡ Amp(B̄ → V1V2)λ = aλeiδλ + Aq
λe−iΦq .

•There are 10 unknowns which can be determined from the 11
observables- so we can measure both the SM and NP amplitudes !
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•To be specific,

•As
λ and Φs can be extracted from B0

d → φK∗0 or Bs → φφ( b → ss̄s).

•B0
d → K∗0ρ0 and Bs → K∗0K̄∗0 can be used to measure Ad

λ and Φd (
b → sd̄d).

•Finally, measurements of the decay Bs → D∗+
s D∗−

s can be used to

obtain Ac
λ and Φc( b → sc̄c).
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CPV with Tau Decays
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CPV with Tau Decays

τ W

q’

L, R

ντ

Hτ

ντ

q
q’

q

•There can be new physics contribution to τ → fντ through a WR

exchange or a charged Higgs exchange. The SM contribution is
through a WL exchange. CPV requires interference of SM with NP.

•The WL − WR interference is tiny, proportional to mντ
or WL − WR

mixing and so neglected. Hence the NP we consider is a charged
Higgs exchange.

H =
GF√

2
cos θc (LµHµ + L0H0) + h.c. ,

where the first and second pieces correspond to WL and H exchange.
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•We have

Lµ = ν̄γµ(1 − γ5)τ , Hµ = d̄γµ(1 − γ5)u

L0 = ν̄(1 + γ5)τ , H0 = d̄ (a + bγ5 ) u .

•The part in L0 given by ν̄(1 − γ5)τ has tiny interference with the SM is
neglected.

•We concentrate on ∆S = 0 decays of the type τ → Nπντ where
N=3,4. For N=2 there is no coupling to the Higgs boson because of
isospin symmetry.

•The decay τ → Nπντ proceeds through τ → V πντ where V is a vector

meson with V = ρ, a1, ω.
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•Consider the decay τ(l) → V (q1)π(q2)ντ (l′), where V is a vector or
axial-vector meson.

•The general structure for the SM current Jµ = 〈V (q1)π(q2)|Hµ|0〉 is

Jµ = F1(Q
2)

(
Q2εµ

1 − ε1 · q2Q
µ
)

+ F2(Q
2) ε1 · q2

(
qµ
1 − qµ

2 − Qµ Q · (q1 − q2)

Q2

)

+iF3(Q
2) εµαβγε1αq1βq2γ + F4(Q

2) ε1 · q2Q
µ ,

where Qµ ≡ (q1 + q2)
µ and ε1 denotes the polarization tensor of the V .

•For ρ, ω, F1,2 are small. F3 vanishes for ρ.

•For a1 F3 is small but F1,2 can be large.

•F4 is small in the SM for all the final states.

Interesting Signals in B and Tau Decays – p.46



•The effect of the charged Higgs contribution can be absorbed by the
redefinition

F̃4(Q
2) = F4(Q

2) + (bfH/mτ ) V : vector,

= F4(Q
2) + (afH/mτ ) V : axial − vector.
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CP Asymmetries
n L

q
1

p
τ

ββ

q
2
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dΓ =
|~q1|

2mτ (4π)3

(
m2

τ − Q2

m2
τ

)
dQ2

√
Q2

d cos θ

2

d cosβ

2
|A|2 .

•From the distribution we can construct various CPV asymmetries.

•We will normalize the distribution to width for τ → eνν̄(Γe)Interesting Signals in B and Tau Decays – p.48



CP Asymmetries
•Rate Asymmetries:

ACP =
∆Γ

Γsum
,

where ∆Γ is the difference of the widths for the process and the
anti-process (normalized to Γe),

∆Γ =

∫ [
dΓ

Γe dQ2
− dΓ

Γe dQ2

]
dQ2

'
∫

3 cos2 θc

2 (Q2)
3/2

m6
τ

(
m2

τ − Q2
)2 |qz

1 |
(
WSA − WSA

)
dQ2 ,

WSA − WSA = 4
Q4 (qz

1)
2

m2
V

|F4fHb|
mτ

sin (δ4 − δH) sinφb

•The rate asymmetries are proportional to F4 which is tiny and hence
the asymmetries are small. Interesting Signals in B and Tau Decays – p.49



•Weighted Rate Asymmetry:We weight the differential width by cos β
when performing the integration over cosβ.

A
〈cos β〉
CP =

∆Γ〈cos β〉

Γsum
,

where ∆Γ〈cos β〉 is the difference of the widths for the process and the
anti-process:

∆Γ〈cos β〉 =

∫ [
dΓ

Γe dQ2dcosβ
− dΓ

Γe dQ2dcosβ

]
dQ2 cosβ dcosβ

•The Asymmetry is proportional to F1,2 and hence can be large for

V = a1.Need to measure β- the angle between the a1 momentum in the

hadronic rest frame and the direction of the lab. Need to reconstruct the

a1 for its momentum which could be a problem as a1 is wide.Interesting Signals in B and Tau Decays – p.50



Triple Products
•If the momentum of the τ can be determined experimentally, the
polarization of the V is measured we can construct a triple-product CP
asymmetry.

|Amp|2
∣∣
TP =

8mτQ2

E1

Im (bfHF ∗
3 ) (~ε1 · ~q1)~ε1 ·

(
~l × ~q1

)
,

where l, q1 are the τ and V momenta.

ATP
CP =

∆ΓTP
Γsum

,

∆ΓTP =

∫ [
dΓ

Γe dQ2
− dΓ

Γe dQ2

]

TP
dQ2

' (~ε1 · ~n1) (~ε1 · ~n2)

∫
3π cos2 θc

2 mωm6
τ

√
Q2

(
m2

τ − Q2
)2 |qz

1 |3

× |bfHF3| cos (δ3 − δH) sinφb dQ2.
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~n1 =
~q1

|~q1 |
mω

E1

, ~n2 =
~l × ~q1∣∣∣~l × ~q1

∣∣∣
=

~l × ~q1∣∣∣~l
∣∣∣ |~q1| sin ζ

, ~n3 =

(
~l × ~q1

)
× ~q1

∣∣∣
(
~l × ~q1

)
× ~q1

∣∣∣
.

•The T.P asymmetry is proportional to F3 and so can be significant for
V = ω.

•Many models have two Higgs doublets, which give mass to the
fermions. In such models, the coupling of the charged Higgs boson to
first-generation final states is generally proportional to mu and md,
which are tiny. As a result, any CP violation which is due to
charged-Higgs exchange is correspondingly small. If CP violation is to
be observed in τ decays, the charged-Higgs coupling must be large.
Thus, τ decays probe non-“standard” NP CP violation.
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Conclusions
•In a future Super B factory there are many interesting signals.

•We discussed B0
d → KK̄0, B0

d → K∗0K̄∗0. In the VV modes we can
test SM explanation of the polarization puzzles and potentially
measure large Triple product asymmetries.

•There are many hints of new physics in b → s transitions. If present,
the new physics can be measured by a fit to the B → Kπ data.
Combined with the ρK∗ data we can construct the low energy structure
of the new physics. NP parameters can be measured in b → s penguin
B → V V decays.

•There are various asymmetries that one can construct in hadrronic
tau decays τ → V πντ → Nπντ . These decays probe nonstandard
Higgs boson interactions.
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