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Beyond the Standard Model with flavour physics

The indirect searches look for  “New Physics”
through virtual effects from new particles in loop corrections

~1970   charm quark from FCNC and GIM-mechanism  K0 μμ

~1973   3rd

 

generation from CP violation in kaon (εK

 

)  KM-mechanism

~1990   heavy top from B oscillations ΔmB

~2000   success of the description of FCNC and CPV in SM

SM FCNCs and CP-violating (CPV) processes occur at the loop level

SM quark Flavour Violation (FV) and CPV are governed by weak interactions
and are suppressed by mixing angles.

SM quark CPV comes from a single sources ( if we neglect θ QCD

 

)

New Physics  does not necessarily share the SM behaviour of FV and CPV 
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Coherent picture of 
FCNC and CPV 
processes in SM

The test of the SM (in fermion sector)

~1990-now a huge number of precise measurements 

..Or the « not discovery » of any new physics beyond the SM

Discovery : absence of 
New Particles up to the 
~2×Electroweak Scale !
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The quantum stabilization of the Electroweak Scale
suggests that  Λ~ 1TeV

Those are arguments of fine tuning…if the NP scale is at 2-3..10 TeV 
…naturalness is not at loss yet…
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LHC will search
on this range

The problem of particle physics today is : 
where is the NP scale  Λ

 
~ 0.5, 1…1016

 
TeV
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if NP particles are discovered at LHC we have to
be able to study the flavour structure of the NPflavour structure of the NP

((“reconstructing” the NP Lagrangian))
to have the capability to explore NP scaleNP scale beyond 
the LHC reach

Present and future goals of  Flavour Physics
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It is a game of couplings and scales

Coupling  
δ

PRECISION 20%
today

PRECISION ~10%
Tomorrow

(2010-2015)
(LHCb,MEG,NA62…)

PRECISION 1%
after tomorrow

(>2015)

Order 1 Λeff

 

~ 20 TeV Λeff

 

~ 30 TeV Λeff

 

~ 100 TeV

MFV Λeff

 

~ 180 GeV Λeff

 

~ 250 GeV Λeff

 

~ 800 GeV5



B factories have shown that a variety of 
measurements can be performed in the clean 

environment.

The systematic errors are very rarely irreducible 
and  can  almost on all cases be controlled with 
control  samples.       (up to..50-100ab-1)

Asymmetric 
B factory

High luminosity

L= 1034

 

cm-2

 

s-1 150 fb-1 1.5 × 108 Υ(4s)  produced by year

L= 1036

 

cm-2

 

s-1 15 ab-1 1.5 × 1010 Υ(4s)  produced by year

LHCb will “collect”

 

an even larger sample  
~5 ×1011

 

bb/year
(10fb-1

 

by 2015 5 1012 bb)

However :
• Hadronic environment 
• Trigger
• Cannot use rare channels 

with neutrinos 
without charged tracks 

SLHCb

SuperB

From 10fb-1   100fb-1 

B factories 

LHCb 

Some of the golden LHCb measurements can be improved
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X

XX-

 

CKM

X

X

X

X The GOLDEN channel for the given scenario

Not the GOLDEN channel for the given scenario, 

but can show experimentally measurable deviations  from SM.

X-

 

CKM

Let’s consider (reductively) the GOLDEN MATRIX for B physics
for channel feasible at SuperB

X

In the following some examples of 

« SuperB specifics »
inclusive analyses
channels with π0, γ, ν, many Ks…

Similar matrices should be constructed for SLHCb Physics case.

EXAMPLE
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The indirect searches 
look for  “New Physics”

through virtual effects from new particles in loop 
corrections

I’ll show  

Examples of 
golden measurements 

for
possible discoveries

4

The Quantum path

Key words : 
Precise measurements

Luminosity
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Future (SuperB) + Lattice improvements

Determination of CKM parameters and New Physics

ρ

 

=   ±

 

0.0028
η

 

=  ±

 

0.0024

Improving CKM is
crucial to look for NP

1

γ,α,β..,Vub
and Lattice ! 

players are :

Important also in K physics :
K π ν ν , CKM errors dominated

the error budget
10



Leptonic decay B l ν

SuperB

2HDM-II MSSM
75ab-1

2ab-1

LEP mH >79.3 GeV

SuperB excl
udes

SuperB excl
udes

B-factories exclude

B-factories exclude

22
2

21 tan B
H

H

mr
m

β
⎛ ⎞

= −⎜ ⎟
⎝ ⎠

222

2
0

0

tan1
1 tan

0.01

B
H

H

mr
m

β
ε β

ε

⎛ ⎞
= −⎜ ⎟+⎝ ⎠
=

ATLAS 30fb−1

ATLAS 30fb−1

ATLAS 30fb−1

2
SuperB

SuperB -75ab-1

MH

 

~1.2-2.5 TeV
for tanβ~30-60
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g

sb b s

~

~ ~

New Physics contribution
(2-3 families)

( )LR
d

23δ

MSSM+generic soft SUSY breaking terms

Flavour-changing NP effects in the squark propagator
NP scale SUSY mass 

flavour-violating coupling

23| |LRδ

Arg(δ23

 

)LR

 

=(44.5±

 

2.6)o

= (0.026 ±

 

0.005)

1               10    

1

10-1

10-2

(TeV)gluinom

In the red regions the δ
are measured with a 

significance >3σ away 
from zero

1 TeV

3

23| |LRδ

•(B→Xs

 

 γ)
•(B→Xs

 

 l+l−) 
•ACP

 

(B→Xs

 

 γ)

Here the players are :
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0.0 0.5 1.0 1.5 2.0
1

10

CDF  (3.7fb-1)

90 % CL exclusion

 

B
R

(B
s0 ->

μ+ μ- )  
(x

10
-9

)

L (fb-1)

SM prediction

Expected CDF + D0 (8fb-1

CMS
LHCb

Expected CDF+D0 (8 fb–1 each)

CDF (3.7 fb–1)

B
R

(B
s

→
μ+ μ

– )
 ×

10
9

L [fb–1]

CMS official limit

4 Br( Bs μ μ)

SM prediction

Implications on Bs

 

→ μ+μ-

 

CMSSM:
250 < m1/2

 

(gaugino mass) < 650 GeV 
⇒ BR(Bs

 

→ μ+μ–)
 

= (5–100)×10–9

40 years later .. K0 →μ+ μ-

13



Hadronic 
matrix 
element

Lattice 
error in 
2006

Lattice 
error in 
2009

6 TFlop 
Year

60 TFlop 
Year

1-10 PFlop 
Year

0.9% 0.5% 0.7% 0.4% <
 

0.1%

11% 5% 5% 3% 1%
fB 14% 5% 3.5 -

 
4.5% 2.5 -

 
4.0% 1 – 1.5%

13% 5% 4 -
 

5% 3 -
 

4% 1 – 1.5%

ξ 5% 2% 3% 1.5 -
 

2 % 0.5 – 0.8 %
F

 
B → D/D*lν 4% 2% 2% 1.2% 0.5%

11% 11% 5.5 -
 

6.5% 4 -
 

5% 2 – 3%

13% 13% ---- ---- 3 – 4%

KB̂

Kπ
+f (0)

1/2
Bs Bsf B

Bπ
+f ,...
B K*/ρ

1T →

The expected accuracy has been reached! (except for Vub)

[2011 LHCb] [2015 SuperB][2009]

Shown by Vittorio Lubicz at the SuperB Workshop LNF Dec2009

Part of the program could be accomplished if SM theoretical predictions are @ 1%
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Observable Babar/
Belle

LHCb 
(10fb-1) 

SLHCb 
(100fb-1)

SuperB  
(75ab-1)

Some Comment Theo

γ

Vub

 

/Vcb Excl. needs Lattice & Inclusive @ 2% ?

β Theo. error to be controlled on data (ex: J/ψπ0)

S(J/ψφ) At 1o

 

theo error controlled with data ?

B τ ν, μν Very precise if detector is improved

S-Penguins SLHCb (very) precise for  B φK, Bs φφ
Not possible for Ksπ0,ksksks,ηks,

 

ωKs..

ACP

 

(B Xsγ) Control syst. Is an issue

Br (B Xsγ) Syst. Controlled with data ?

Br (B Xs l l)
Angular var.

Br(B K*l l ), 
Angular var.

Could theory control @20%? Angular 
analysis are clean  ?                                   

Br (B K(*)ν ν) Stat. limited. With  more stat. angular 
analyses also possible

Br (B Ksπ0γ)

Br(Bs φγ) As precise as Br Ksπ0γ) ?

Br (Bs μμ)

τ μγ profit of polarized  beams

CPV charm CPV in SM negligible. So clean NP probe 

No result Moderate Precise Very Precise

Moderately
Clean

Clean
Need Lattice

Clean

THEORY

Some Golden Modes

15



Conclusions and perspectives
Flavour Physics with FCNC and CPV processes has played in the past  

a crucial role in constructing and testing the SM
Some observable  are already precise.

….
B-Factories  today

LHCb (MEG, NA62..) tomorrow
And the day after tomorrow..? 

Flavour Phyiscs is a major actor in NP search @ few-TeV range and 
a unique player in the reconstruction of the NP Lagrangian 
Part of the program could be accomplished if SM theoretical 
predictions are @ 1%.

SLHCb could improve some LHCb golden measurements  γ,

 
Bs μμ, Bs φγ

SuperB factories have a much wider Physics Case, 
which can naturally follow the B-factory+LHCb era. 
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BACKUP MATERIAL
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B physics @ Y(4S)

Possible also at LHCb
Similar precision at LHCb

Example of « SuperB specifics »
inclusive in addition to exclusive analyses
channels with π0, γ’s, ν, many Ks…

Variety of measurements for any observable

18



τ

 

physics (polarized beams)(polarized beams)

Bs

 

at Y(5S)

Charm at Y(4S) and thresholdand threshold

To be eva
luated

at LHCb

Bs : Definitively

 

better

 

at

 

LHCb 19



LHCb
 

10 fb-1
 

NP physics 
highlights

20

Rare decays: Bs µµ
•Direct search for NP
•3σ

 

measurement of SM prediction

Mixing phase in Bs J/ψφ (tree) 
•Sensitive to NP in mixing
•Measure σ

 

(φs

 

) ≈

 

0.01

Mixing phase in Bs φφ (penguin)
•Sensitive to NP in loops
•Measure phase ≠

 

0 (=NP) with σ

 

≈

 

0.03

CKM angle γ

 

from

 

Bd D/DK, Bs→DsK, 
Bd->Dπ (tree)
•standard candle against which NP 
sensitive measurements can be compared
•measurements  to ~ 2°

 

degrees

•CKM angle γ from Bd(s)

 

→ππ, KK (penguin), 
B→hhh
•γ_NP

 

vs

 

γ_SM
•Sensitive to ≈

 

3°

 

degrees

CPV in penguins Bd φ Ks : β vs βeff
•Sensitive to NP in loops
•Sensitive to ≈

 

0.1

Search for RH currents in radiative decays Bs
φ γ ; Asymmetry FB of  Bd K* µµ

•(zero of AFB

 

(s) to 7%)

D meson physics
CP, D-D mixing, rare decays

S
an

to
s

R
ee

ce
,

B
el

ya
evLe

ro
y

R
ic

ci
ar

di

C
ar

so
n

M
ag

ni
n

Le
ro

y

Measure BR to ~5-10%, search for Bd µµ

Improve by factor 3: 
Level of indirect prediction

Measure to σ≈0.01, pin down NP

sub-degree precision

Improve by factor 4-5

Comparison at 0.03o

 

level

New observables to improve NP sensitivty

Measure and characterise

 

CPV
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