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Introduction

�
LH

C is a discovery m
achine, 

not a precision tool
�

M
any properties of new

 particles (if
discovered) cannot be m

easured at LH
C

�
N

eed for facilities offering highest precision:
high-lum

inosity experim
ents at low

 energies
(B, K, neutrinos, g-2, ED

M
s, 0

�
�
� decay, …

)
�

Com
plem

entarity w
ith energy frontier! 

�
 talk by M

. Carena



Introduction

�
At present, best indications for
N

ew
 Physics com

e from
 low

-energy
precision experim

ents
�

M
uon anom

alous m
agnetic m

om
ent

�
B physics (several intriguing effects):
�

sin2
�: tree vs. penguin (2.6

�
)

�
sin2

� vs. U
T fit (2.9

�
)



Introduction

�
O

ther sm
all effects: �

 talks by P. Ball, P. G
am

bino

�
B

s -B
s  m

ixing phase 2
�

 off SM
 value

�
N

N
LO

 prediction for B
�

X
s � is 1.4

�
 low

er than
w

orld-average experim
ental result

�
Re-opens possibility for sizable N

P contributions!

[Lenz, N
ierste, hep-ph/0612167]

C
om

bined theory error:  ±9%

cf.:  B
exp (E

� >1.6 G
eV

) = (3.55 ± 0.24 ± 0.09 ± 0.03) · 10

[M
isiak et al., hep-ph/0609232; Becher, M

N
, hep-ph/0610067]



Introduction

�
W

e probably w
on’t establish N

ew
 Physics in

any of these channels prior to LH
C data

�
But after an LH

C (or Tevatron) discovery, w
e

w
ould reinterpret the effects in term

s of
m

easurem
ents of new

 flavor param
eters

�
If effects are real, low

-energy experim
ents

(LH
Cb,

Super-B, K)
w

ill contribute greatly to
com

prehensive exploration of TeV scale



Introduction

�
Im

portant: scenarios w
ith O

(0.1) N
ew

Physics contributions to am
plitudes

still possible (not necessarily M
FV)

�
Indeed, favored by present data!



Tw
o intriguing puzzles

H
ints for N

ew
 Physics in rare B

decays and/or B-B m
ixing



b

s
c c

d

B
0

K
S

J/
�

W

CP asym
m

etry in B
�

J/
�

 K
S

�
Interference of
m

ixing and decay:

�
Tim

e-dependent CP
asym

m
etry

m
easures sin2

�

�
D

ecay am
plitude

real to excellent
approxim

ation:
B

0
B

0

J/
�

 K
S

S(J/�
 K

S ) = sin2
�=0.675

±0.026
(W

A)



b

s s s

d

B
0

K
S

�
Wt,c,u

g,Z

S(�
K

S ) - S(J/�
 K

S ) = 0.02±0.01[Beneke, M
N

 (2003)]

[G
rossm

an, W
orah (1996)]

CP asym
m

etries in B
�
�

K
S ,�

’K
S

�
Interference of
m

ixing and decay:

�
Phase structure
identical to golden
decay B

�
J/�

 K
S

�
Theor. prediction:

�
Penguin graph real to
excellent approx.:

B
0

B
0

�
K

S

S
im

ilar for �’K
s :  0.01

±0.01



Theory

0.42±0.08
A

vg.:

[Beneke, M
N

 (2003)]

D
eviation of 3.8

�!

2005: 7 reasons for excitem
ent



Theory

0.50±0.06
A

vg.:

[Beneke, M
N

 (2003)]

D
eviation of 2.6

�

Current situation (2006)Includes theory shifts
and uncertainties;
naïve H

FA
G

 avg.: 
0.52

±0.05



Current situation (2006)

�
N

ew
 Physics explanation w

ould invoke non-standard
penguin contributions, preferably in electrow

eak
sector (effect insensitive to N

ew
 Physics in m

ixing)



Current situation (2006)

�
N

ew
 Physics explanation w

ould invoke non-standard
penguin contributions, preferably in electrow

eak
sector (effect insensitive to N

ew
 Physics in m

ixing)
�

If w
e believe this is a statistical fluctuation, then all

determ
inations can be averaged to give

sin2
sin2� �=0.647±0.024

=0.647±0.024
�

This value is significantly sm
aller than SM

expectation!



Precision determ
inations of

|V
ub |

Breaking the 10% barrier



Inclusive sem
ileptonic decays

�
H

adronic phase space
is m

ost transparent in
the variables P

=E
X ±P

X

�
In practice, P

+ « P
-  for

cuts elim
inating the

charm
 background

Shape-function region

C
harm

 background

±



Inclusive B
�

light decays

�
Factorization form

ula:

�
Large logs resum

m
ed using RG

Es
�

Shape function universal (process-independent)

d
�

(B
�

light) = H
 J �

S

H
ard and jet functions

(perturbative)
S

hape function = P
D

F
(nonperturbative)



Strategy

�
Extract shape function from

 B�
X

s � photon
spectrum

, then predict arbitrary distribu-
tions in B�

X
u l�

decay
�

Functional form
 constrained by m

odel-
independent m

om
ent relations

�
Know

ledge of m
b  and �

�
2 helps

�
Variant: construct “shape-function
independent relations” betw

een spectra
(equivalent)

[B
osch, Lange, M

N
, P

az (2004);
Lange, M

N
, P

az: hep-ph/0504071]

[M
N

 (1993); Leibovich, Low
, R

othstein (2000);
Lange, M

N
, P

az: hep-ph/0508178]



Predictions for various cuts

7%7%

10%

15%

7%

19%

E
ff = 84%

E
ff = 75%

35%

E
ff = 18%

E
ff = 65%

E
ff = 11%

Theory
Error

R
ate

� ~ (m
b ) a



Results for various cuts

M
ost recent H

FA
G

 update: |V
ub | = (4.52

±0.19
±0.27)·10

-3

S
tatus 2005



[Lange, M
N

, P
az: hep-ph/0508178]

Shape-function free relations

�
Exam

ple for P
+ =E

X -P
X  spectrum

:

�
W

eight function perturbatively calculable
�

Sm
all hadronic uncertainties enter at

order 1/m
b

B
aB

ar analysis (Feb. 2007):  |V
ub | = (4.40

±0.30
±0.41

th ±0.23)·10
-3 consistent



Com
bined result

�
Theory error on |V

ub | is 5-10% for several
different cuts (10% now

 conservative –
seem

ed unrealistic only a few
 years ago)

�
Average of different extractions gives |V

ub |
w

ith a total error of 6%:

�
N

eeded to m
atch the precision of sin2�

| |V V
ub ub | = (4.49 

| = (4.49 ± 0.28)
± 0.28)· ·10 10

-3 -3

E
xclusive B

�
�l� + m

ost recent lattice date (H
P

Q
C

D
 ‘06):  (3.97

+0.63-0.47 )·10
-3



Im
pact of precise |V

ub |

�
Com

bined average
sin2
sin2� �=0.647±0.024

=0.647±0.024
below

 “tree” value
sin2
sin2� �=0.794±0.045

=0.794±0.045
deduced from

 |V
ub |

and |V
td |

�
D

eviation
2.9
� (!)

�
Increased precision
in |V

ub | and recent
m

easurem
ent of

B
s -B

s  m
ixing (D

0,
CD

F) crucial



N
ew

 Physics in B
d -B

d  m
ixing?

�
M

ost plausible explanation of the effect
�

Possible and even natural in extensions
of SM

 w
ith new

 particles near TeV scale
(e.g. SU

SY, new
 Z’ bosons, extra

dim
ensions …

)
�

Requires O
(0.1-0.2) N

ew
 Physics

contribution to m
ixing am

plitude



d

�
N

ew
 Physics contributions

up to 50% of SM
 allow

ed
�

Best fit prefers new
, CP-

violating phase �
d ≠0

�
After discovery of new
particles at LH

C �
 allow

ed
param

eter space for new
flavor param

eters

N
ew

 Physics in B
d -B

d  m
ixing?

�
G

eneral param
etrization:

�
m

d =
�

m
d SM * rd 2 e

i2
�



W
hy do I believe these

effects m
ight be real?



N
ew

 Physics?

�
It is not easy to affect rare B-decay processes,
since by far dom

inant part of Q
CD

 penguin
com

es from
 m

ixing w
ith SM

 4-quark operators
�

N
ew

 Physics contributions can be sizeable for
dipole operators, electrow

eak penguins, �
F=2

operators
�
�

F=2 operators and electrow
eak (Z) penguin

receive largest G
IM

 violations (term
s ~m

t 2)



N
ew

 Physics?

�
Physical processes sensitive to these
coefficients are B-B m

ixing (B
d  and B

s )
and rare, penguin-dom

inated B decays
�

Indeed, this is w
here w

e see deviations
from

 the Standard M
odel (experim

ental
situation stable since several years)



Sum
m

ary

�
If present effects are real, future
flavor physics experim

ents w
ill help to

determ
ine or place constraints on

flavor param
eters of som

e new
particles (e.g., quark-squark-gluino
couplings in SU

SY, KK ferm
ions, …

)
�

M
uch like B-factories did for b- and t-

quarks (V
cb , V

ub , V
ts , V

td ,
�,

�)



Sum
m

ary

�
O

therw
ise, absence of new

 sources of flavor-
violation at TeV scale w

ould teach us
im

portant lessons about nature of EW
SB, and

perhaps SU
SY breaking

�
Super flavor factories w

ould play a sim
ilar

role as LEP did for the understanding of EW
SB

�
It w

ould im
pose severe constraints on m

odel
building for the post-LH

C era


