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outline of the talk:
  i) overview of the physics case

* basic concepts and selected topics
 ii) theoretical uncertainties

* classification of the observables
* projections to 2015 (mainly lattice)

iii) comparison with (S-)LHCb
* overlap and complementarity
* the S-LHCb option

The physics of SuperB
  from a theorist's point of view

Marco Ciuchini - INFN

thanks to:
T. Gershon
V. Lubicz
A. Stocchi
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the physics case

“The relativistic path”

“The quantum path”

New
Physics
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Why flavour physics?
SM flavour-changing neutral currents (FCNC) and 
CP-violating processes occur at the loop level and 

thus potentially receive O(1) NP corrections
 

SM quark FV and CPV are governed by the weak 
interactions and suppressed by the mixing angles,
SM lepton FV is strongly suppressed by (dmn/MW)2

 

NP not necessarily shares this
pattern of suppressions and can give

very large contributions
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©2007 T. Gershon
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SuperB physics in tables

5-10x
improvement

Super Flavour Factory
a “treasure chest”

of new
physics-

sensitive
observables

+  FC physics (CPV, ... )
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does SuperB probe interesting physics?
The problem of today particle physics:
  where is the NP scale L? 0.5, 1, 10, 1013, 1016 TeV??

L (TeV)

1

The quantum stabilization of the weak scale 
 suggests ≤ 1 TeV
  LHC searches in this range

What if the scale is just above,
 in the 10-100 TeV range?
 naturalness is not at loss yet
CDR: precision flavour physics at 
SuperB explores up to ~100 TeV

10

100

high pT

LHC

Flavour
SuperB
& LHCb
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New Flavour Physics & EFT:
a problem of scale and couplings

L  = LSM + Sk=1(Si Ci
k Qi

(k+4))/Lk

NP flavour effects are governed by two players: 
ii) the value of the new physics scale L
ii) the effective flavour-violating couplings C's

+ couplings can follow a given pattern
(e.g. dictated by symmetries)

+ couplings can have different strength
    (e.g. generated by different interactions)
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  - exp. constraints give a bound
on L for any given C and
vice-versa

  - different curves correspond
to different flavour models

L

ac
ce

ss
ib

le

“pictorially”:

NP() found at LHC
* determine the NP FV and 

CPV couplings
* look for heavier states
* study the flavour 

structure of NP

NP() not found at LHC
* look for indirect NP signals
* understand where they 

come from
* exclude regions in the

parameter space

What do these plots teach us?
A branch point for NP searches at SuperB: C



Marco Ciuchini Page 10SuperB International Review ­ Frascati, 12 November 2007

  

UT fits: test of the CKM paradigm at 1%

U. Haisch, Kaon '07

KL -> 0

er
ro

r 
bu

dg
et

today    SuperB
 

 0.187±0.056 1±0.005
 0.370±0.036  ±0.005


Generalized UT fits:
CKM at 1% in the
presence of NP! 
- crucial for many NP searches with

flavour (not only for B decays!)

“the dream” “the nightmare”
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L = mg = mq = 1 TeV~ ~

Reconstruction of
(d

23)LR=0.028 ei/4 for

Im(d
23)LR vs Re(d

23)LR

SuperB

MSSM

LHC, ILC – HE frontier

BR(B->Xs)
BR(B->Xsll)
ACP(B->Xs)
all together

M2
d =~

Mass Insertions
(d

ij)AB = (d
ij)AB/mq

2~

reconstucted
abs(23)LR =
0.026±0.005
arg(23)LR =
 (44.5±2.6)o

5
10

35
60

ab
s(

 2
3)

LR

mgluino(TeV)

3 from 0
sensitivity

plot 
i) sensit. to 
<20 TeV
ii) sensit. to 
|(d

23)LR|>10-2

 for <1 TeV
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τ  flavour violation  

M1/2

SuperB

10
7  B

R(
 

->
 

)

LFV from PMNS

LFV from CKM

not just yet-another
order of magnitude: start

probing the interesting region

SO(10) MSSM

Lepton MFV GUT models
Isidori, 4th SuperB workshop

- help disentangle SUSY and LHT models
- in Grand-Unified models:
* can identify the origin of LFV    

(CKM or PMNS); 
* is complementary to the MEG

sensitivity to BR(->e) ~10-13

Calippi et al., PRD74

see Hitlin's talk



Marco Ciuchini Page 13SuperB International Review ­ Frascati, 12 November 2007

  

sensitivity:

Higgs-mediated NP in MFV at large tanβ

75ab-1

2ab-1
SuperB (75/ab)
  MH ~ 1.5 TeV
  for tanb ~ 50

BR B l=BRSM B
 l1−mB

2

MH
2

tan2
2

B factories (2/ab)
  MH ~ 0.4 TeV
  for tanb ~ 50

excl. 2BR(B -> l)

formula and plot for 2HDM
similar results for MSSM
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theoretical
uncertainties

su
pe

r f
lavour factory
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Issues on theoretical errors
 

 

* how much does the SuperB physics program 
count on improvements of the theory?

* what are the theoretical tools needed for doing
precision flavour physics? Are they available? 

 

* could theoretical uncertainties hinder NP 
contributions irrespective of the achieved 
experimental precision?

 

* are the projections of the theoretical errors 
presented in the CDR realistic?
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no theory
improvements

needed

improved
lattice QCD

improved
OPE+HQE

improved
QCDF or 
SCET

or flavour 
symmetries

(J/ K), (DK), ()*,
lepton FV and UV, S(0)

CPV in B->X, D and  decays
zero of FB asymmetry B->Xsl+l-

meson mixing , B->D(*)l,B->()l,
B->K*, B->, B->lBs->

B->Xu,cl, B->X

S's from TD ACP

in b -> s transitions 

NP insensitive or
null tests of the SM
or SM already known

with the required accuracy

target error: ~1-2%
Feasible (see below)

target error: ~1-2%
Possibly feasible with

SuperB data getting rid
of the shape function.

Detailed studies required

target error: ~2-3%
large and hard to improve 

uncertainties on small
corrections. In addition,

FS+data can bound
 the theoretical error
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©2007 V. Lubicz



Marco Ciuchini Page 18SuperB International Review ­ Frascati, 12 November 2007

  

CDR:
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SuperB-driven requirement
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x10-30 for GW
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comparison
with (S-)LHCb

“Who will be the true 
superhero of 2015
flavour physics ?”

©2007 G. Wilkinson
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LHCb - 2015 SuperB
10/fb (5 years) 1/ab (1 month at (5S))

ms 0.07%(+0.5%) no
Bs ->  5 observation of SM BR no
s(J/) 0.01+syst 0.14
S(Bs -> ) 0.042+syst possible
 

10/fb (5 years) 75/ab (5 years  at (4S))
sin2 (J/ Ks) 0.010 0.005
S( Ks) 0.14+syst 0.02
AFB(K*)0 ± 0.28 GeV2+syst ± 0.3 GeV2

ACP(K*) < 0.01 0.004
(all methods) 2.4o 1-2o

 () 4.5o 1-2o

* LHCb main results on Bs where SuperB potential is
limited (but not vanishing: ASL!!) - complementarity

* SuperB provides significant improvements (x2-8 
better) over LHCb on the overlapping observables 

The LHCb legacy for SuperB LHCb reach from  O. Schneider,
1st LHCb Collaboration Upgrade Workshop
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ms

s /s

s

BR(Bs→ )
 (Bs→ DsK)
S(Bs→ )

sin2
 (B→)

 (GLW)
 (ADS)

 (Dalitz)
ACP (B→ K*)

AFB(B→ K*ll)|S0

S(B→ Ks)

S-LHCb: a SuperB competitor in 2015?
* Major upgrade of LHCb aiming
   at collecting 100/fb in 5 years
* LHCb physics program pushed 
   to extremely high precision
* few new modes become 
   accessible: S(/'K)
SuperB and S-LHCb are:
 - still largely complementary
 - competitive with each other
   on the common modes (up to
   systematics to be studied),
 but SuperB can measure more:
  * multiple approaches to the same physics (e.g. S(b->s), , LFV)
  * theoretically cleaner channels (e.g. inclusive b -> s, b -> s ll)

SuperB 
75/ab (4S)

1/ab (5S)

SLHCb 
100/fb

sLHCb reach from  G. Wilkinson,
1st LHCb Collaboration Upgrade Workshop
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overlap with sLHCb in red

Super Flavour Factory
a “treasure chest”

of new
physics-

sensitive
observables

+  physics (CPV, ...)
   incl. polarization

   see next talk

likely competitive
in all charged

track final states

?

SuperB only
* D studies
at threshold
* semilept.
   D decays
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Many NP studies exploiting precision flavour
physics can be carried out at SuperB

The SuperB physics program complements and
extends the NP searches with high pT at LHC:

(i) LHC tells us where NP is: SuperB (only)
can measure systematically the new FV&CPV

couplings, i.e. the flavour structure of NP
(ii) NP at scales beyond the LHC reach could

give measurable effects at SuperB: unique
  opportunity to explore the 5-100 TeV range

Conclusions (i)
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 Only part of the SuperB physics program 
relies on theory upgrades. For this part, 

theoretical errors of O(1-2%) are needed: 
feasible for LQCD; challenging but possibly 

reachable in inclusive measurements; 
factorization needs checking on channel basis

  

SuperB and S-LHCb physics programs are 
largely complementary. As for the part in 

common, they are competitive but SuperB can 
measure more and th. cleaner channels 

Conclusions (ii)
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Spare
Slides
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ms

s /s

s

BR(Bs→ )
 (Bs→ DsK)
S(Bs→ )

sin2
 (B→)

 (GLW)
 (ADS)

 (Dalitz)
ACP (B→ K*)

AFB(B→ K*ll)|S0

S(B→ Ks)

ms

s /s

s

BR(Bs→ )
 (Bs→ DsK)
S(Bs→ )

sin2
 (B→)

 (GLW)
 (ADS)

 (Dalitz)
(B→ K*)

(B→ K*ll)|S0

S(B→ Ks)
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Gabrielli, Giudice, NPB433
Buras et al, NPB500 
D'Ambrosio et al., NPB645

Crucial questions for NP searches with flavour

1. can NP be flavour blind? “no”,
NP couples to SM which violates flavour

2. can a “worst case” be defined? “yes”, 
through the class of models with

  Minimal Flavour Violation
NP follows the SM pattern of flavour
and CP symmetry breaking
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Gabrielli, Giudice, NPB433
Buras et al., NPB500 
D'Ambrosio et al., NPB645No new sources of flavour

and CP violation beyond the SM
 

  - NP contributions governed by SM Yukawa couplings
ex.: Constrained MSSM (MSUGRA), Universal Extra Dim.

  - NP only modifies SM top contribution to FCNC & CPV
unless other Yukawa couplings are enhanced; for example
large tanb enhances bottom contributions

Minimal Flavour Violation

1HDM/2HDM at small tan
same operators as in Heff

SM

NP in K and B correlated

2HDM at large tan
new operators wrt Heff

SM

NP in K and B uncorrelated
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S0 x t S 0x tS 0 , ∣S 0∣=O4 0
2

2  , 0~2.4  TeV

D'Ambrosio et al., NPB645

MFV models with 1HD or 2HD @ low/moderate tan:
Universal NP effect in the DF=2 loop function of the top

Constraints on the MFV NP scale

Today:
LMFV > 2.3L0 @95% prob.
NP masses > 200 GeV

SuperB:
LMFV > 6L0 @95% prob.
NP masses > 600 GeV

NB: constraints from DF=1 processes not included
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Q1=qL
bL

 qL
bL

 (SM/MFV)

Q2=qR
 bL

 qR
bL

 Q3=qR
 bL

 qR
 bL



Q4=qR
 bL

 qL
bR

 Q5=qR
 bL

 qL
bR



Q1=qR
 bR

 qR
 bR



Q2=qL
bR

 qL
bR

 Q3=qL
bR

 qL
bR



The ∆B=2 effective Hamiltonian beyond MFV

7 new operators involving quarks
with different chiralities

Heff
=2=∑

i=1

5

C iQi∑
i=1

3

C i Qi 
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Heff can be recast in terms of the high-scale Ci(L)
 

- Ci(L) can be extracted from the data (one by one)
- the associated NP scale L can be defined as

= LFi

C i 

generic flavour structure
 

- |Fi| ~ 1
- arbitrary phases

next-to-MFV
 

- |Fi| ~ FSM

- arbitrary phases

MFV: F1 = FSM ~ (Vtq Vtb*)2 , Fi1 = 0 and L~aW
2

strongly interacting NP: L~1
weakly interacting NP: L~aW,s

2
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UTfit collaboration, in preparation P R E L I M I N A R Y

L>1800 TeV@95% prob.LNMFV>14 TeV@95% prob.

NMFVgeneric FV

- DB=2 chirality-flipping operators are RG
  enhanced and thus probe larger NP scales
- when scalar operators are allowed, the NP  
  scale is easily pushed beyond the LHC reach

SuperB: typically 3 x present bounds


