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SM predicts sin 2ΦBs (also denoted –sin 2βs) ~ –0.04.
Latest constrained fit by HFAG is 2.2 σ away from SM. 

[Barberio et al. arXiv:0808.1297]

4 generation (SM4) introduce t ' to interfere with t 
in box diagrams

Large sin 2ΦBs ? 
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SM4 makes SM triangle into quadrangle

Combine                                                          
Δm

Bs
                        [box diagram]                    ℬ(b → s ℓ ℓ )             [Z penguin diagram]         

to determine           V*
t's

V
t'b                                            

V*
us

V
ub 

+ V*
cs

V
cb 

+ V*
ts
V

tb 
+ V*

t's
V

t'b 
= 0
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Use parametrization matrix
[Hou, Soni and Steger PLB 192 (1987)]
1st Row                                      4th Row

2nd Row

3rd Row
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Hou, Nagashima and Soddu 
[PRD72(2005),PRD76(2007)] 

illustrated the case m
t'
 = 300 GEV using 

f
Bs

√Β
Bs

= 295 MEV

Get   sin 2ΦBs ~ –0.50  -  –0.70

What's new in our recent study ?
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Trivial  Change

1. m
t'
 = 300 GEV → 500 GEV (unitarity bound)   

   [Chanowitz et al. PLB78(1978)]

2. f
Bs

√Β
Bs

= 295 MEV → 266(18) MEV  
[Gamiz et al. HPQCD PRD80(2009)]

Nontrivial New Analysis

1. D – D mixing constraint            
2. Electroweak precision global fit



 7

V*
t's

V
t'b 

≡ r
sb

 eiφsb

f
Bs

√Β
Bs

=  266(18) MEV  
(Δm

Bs
)exp=(17.77 ± 0.12) ps–1
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V*
t's

V
t'b 

≡ r
sb

 eiφsb

ℬexp(b → s ℓ ℓ ) = (4.5 ± 1.0) ×10–6

Calculation using [Bobeth et al. NPB(2000)]

Δm
Bs
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V*
t's

V
t'b 

≡ r
sb

 eiφsb

sin 2ΦBs = Im(M
12

) / |M
12

|

Δm
Bs ℬ(b → s ℓ ℓ )
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 r
sb

 = 0.006, 
φ

sb
 = 75○, 

 sin 2Φ
Bs

 = – 0.33  

SMALLER
sin 2Φ

Bs

STILL 
POSSIBLE

Δm
Bs

sin 2ΦBs

ℬ(b → s ℓ ℓ )
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Upper Bound on |V
t'b

|
 R

b
≡Γ(Z→bb) / Γ(Z→hadrons) 

|V
t'b

| < 0.13
[Yanir, JHEP06(2002)]  

(m
t'
 = 500 GEV)

What is Lower Bound on |V
t'b

| ?
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V*
t'd  

V
t's

= r
ds

 eiφds

ℬexp(K+ → π+νv)=(1.73+1.15)×10-10

[Artamonov et al. PRL101(2008)]
– 0.33

UPPER BOUND

ℬ(K+ → π+νv)

Constraint from
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|V*
ub' 

V
cb'

|<0.0021
for m

b'
= 480 GEV

     Neglect all terms, except λ2
b'
S

0
(x

b'
)

'

      equate this term with x
D

exp= 9.1×10–3

     accommodate LD by a factor of 3  
                     [Golowich et al. PRD76(2007),                                

    Bobrowski, Lenz et al. PRD79(2009)]

(λ
b'
=V*

ub'
V

cb'
)

UPPER BOUND
Constraint from D-D mixing
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? |V*
ub'

V
cb'

| < 0.0021
for m

b'
= 480 GEV

ℬ(K+ → π+νv)

Fix       V*
t's  

V
t'b

= 0.006 ei 75○ ℬ(K+ → π+νv)
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Lower Bound on |V
t'b

|

|V
t'b

| > 0.06
|V

t'b
| = 0.065 |V

t'b
| = 0.060 |V

t'b
| = 0.058

ℬ(K+ → π+νv) ℬ(K+ → π+νv) ℬ(K+ → π+νv)

D – D mixing D – D mixing D – D mixing
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Electroweak precision global fit
[Chanowitz, PRD79(2009)]
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Electroweak precision global fit
[Maksymyk et al. PRD50(1994)]
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Electroweak precision global fit
Use m

H
, m

t
, Δα

5
, α

S
,m

Z
 

to fit 17 observables

12 degrees of freedom 
to each four-family fit.
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95%CL

Fix       V*
t's  

V
t'b

= 0.006 ei 75○

Electroweak precision global fit
Using ZFITTER6.4.2

Best global fit 

Upper bound 
from Z→bb 

Lower bound 
from D-D mixing 



 21

V
ud     

V
us     

V
ub   

V
ub'

V
cd     

V
cs      

V
cb    

V
cb'

V
t d     

V
t s     

V
t b   

V
tb'

V
t'd   

-0.06e-i75o

   
-0.10

   
V

t'b'

?
V*

t's  
V

t'b
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From ℬ (K
L
 → π0νv) to sin 2ΦD

Current Boundℬ exp(K
L
 → π0νv) < 6.7 × 10 -8   

[E391a Collab. PRL100 (2008)]

KOTO(E14) will have a three-year run beginning in 2011.

Suppose ℬ (K
L
 → π0νv) ~ 1.00 × 10 -9 

There will be Ο(100) events  observed.
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V*
t'd

V
t's 

≡ r
ds

 eiφds

(sin 2ΦBd )
exp=0.672 ± 0.023

[HFAG arXiv:0704.3575(2008)][PDG PLB(2008)]ℬ (K
L
 → π0νν) ~ (1.00±0.14) × 10 -9 

(ε
K
)exp=(2.229±0.012) × 10 -3 

ℬexp(K+ → π+νv)

(sin 2ΦBd )
exp=0.672 ± 0.008
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From ℬ (K
L
 → π0νv) to sin 2ΦD

V
t'd 

= – 0.003167 e- i18o

V*
t'd

V
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≡ r
ds

 eiφds
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From ℬ (K
L
 → π0νv) to sin 2ΦD

Take R
LD

 real for illustration and m
b'
=460+30 GEV–30

(λ
b'
=V*

ub'
V

cb'
)
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     Conclusion

II.  sin 2ΦBs ~ –0.33 ∈ [0.00, –0.40],
      Larger m

t'
 implies larger sin 2ΦBs 

For f
Bs

√B
Bs

= 266(18) MEV, m
t'
=500 GEV 

III. Future measurement ℬ(K
L
 → π0νav) 

       and sin 2ΦBd can determine V
t'd 

.

I. For V*
t's

V
t'b

=0.006 ei 75○
,  |V

t'b
|<0.13 on Z → bb

 
,  

 |V
t'b

|>0.06 on D-D mixing
  
, best global fit at  |V

t'b
|=0.08
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Back       Up
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V*
t's

V
t'b 

≡ r
sb

 eiφsb

 r
sb

 = 0.006, 

φ
sb

 = 75○, 
 sin 2Φ

Bs
 = – 0.33  

(central-value scenario)
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 C. Amsler et al. (Particle Data Group), Physics Letters B667, 1 (2008)
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From xD to ℬ (K
L
 → π0νv)  

Short-distance dominance limit (R
LD

=0) 
and m

b'
=460+30 GEV–30

ℬ (K
L
 → π0νv) = (0.4~1.0) ×10 -9 

ℬexp(K+ → π+νv)
xD

exp

ε
K

exp
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