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more or less everything is included
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Benchmarks as
interesting measurements

- mostly NP-sensitive measurements
- others needed for precise CKM fit
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1st  NP model -> observable set #1 \
2nd NP model -> observable set #2  \

  ⋮ ⋮   ⋮              benchmark set
  ⋮ ⋮   ⋮             /

nth NP model -> observable set #n /

starting point for attacking the “inverse problem”
(recently popular in high-pt physics: LHC Olympics)

Flavour physics does not proceed along this way (yet?)

1. classes of models defined using an EFT approach (ex.: MFV)
least predictive in general, (much) more with flavour symmetries

2. models with generic flavour structure (ex.: MSSM with MI's)
more predictive and NP flavour unrestricted within the model

3. fully-specified models (ex.: mSUGRA, LH with T-parity)
very predictive but NP flavour structure strongly restricted 
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The EFT approach

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

(k+4))/Lk

NP effects are governed by: 
- a known set of local operators Qi

(D)

- the value of the new physics scale L
- the effective flavour-violating couplings C's

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

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

L

ex
cl

ud
ed

C
What do we do with such plots? A branch point
- Λ is not known (beyond the LHC reach)

look for indirect NP signals, understand where they 
may come from, exclude regions in parameter space

- Λ is known (and <1-2 TeV, thanks LHC!)
determine the NP FV couplings Ci , study the flavour 
structure of NP, look for signal of heavier states
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EFT for F=2 transitions             

Q1=qL
bL

 qL
bL
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Q2=qR
bL

 qR
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 qR
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 qL
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7 new D=6 operators involving scalar
interactions and quarks with different chiralities

Heff
F=2=∑

i=1

5

C iQi ∑
i=1

3

C i  Qi

“The simple exercise 
we all give to our 

students”, A. Masiero
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4. generic FV
 

  - |Fi| ~ 1
  - arbitrary NP phases

Heff can be iteratively recast in terms of Ci(Λ)
 

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

C i=
LF i

2

3. next-to-MFV
 

  - |Fi| ~ FSM

  - arbitrary NP phases

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

2

1. MFV at low tan
 

  - F1 = FSM ~ t(Vtq Vtb*)2 
  - Fi1 = 0, no NP phases

2. MFV at large tan
 

  - F1~FSM, F4~FSMbq/t

   - Fi1,4 = 0, no phases
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UTfit collaboration, in preparation P R E L I M I N A R Y

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

lower bound on (TeV) from S/B=2 processes
  L~1   L~s   L~W

MFV       5.5        0.5            0.2
MFV–tan           5.1/4.1 0.5/0.4    0.2/0.1

   MH > 0.9 a(tan) 
NMFV 62/14         6.2/1.4        2/0.5
generic FV  (2.4/0.2)x104     2400/220    800/70 

At least NMFV+W-loop suppression of F=2 processes
required for new flavoured particles detectable at the LHC

the flavour
problem at

work
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MFV NP in F=1 transitions at large tan

(Gino's four musketeers)
   Large NP effects from Higgs exchange in elicity-suppressed decays:

- testable pattern of suppression/enhancement
- compatible with present data within errors
- useful to enlarge the region of the MSSM
  Higgs parameter space accessible at the LHC

Isidori, Paradisi, hep-ph/0605012
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A positive outcome from
the CERN workshops:

first concrete example of
integration of flavour and

high-pt constraints on the same
parameter space showing

their complementarity
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 NP scale: SUSY masses 
 

 FV couplings:                     (like CKM for NP)ij
qAB≡

M ij
2 AB

q

m2

 qiA  q jB

ij
qAB

All flavour-changing NP effects in the squark propagators

q={u,d }, A,B={L ,R}
i , j ={1,2,3}

MSSM + generic soft SUSY-breaking terms
- only dominant gluino contributions
- mass insertion approximation

m~m g

 Precise measurements of FCNC
and CP violation can measure the δ's
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- bounds for msq=mgl=-=350 GeV
   and tan=3
- bounds scale approximately as
   ~ mSUSY(GeV)/350
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~ ~L=mg=mq= 1 TeVtoday SuperB

Ad
SL

 only
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Which is the
minimum coupling
for which SuperB
gives evidence of
a non-vanishing δ?

In the red
regions the δ's
reconstructed

using SFF
constraints are
more than 3σ
away from 0

SuperB CDR
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-natural in any flavour models given 
the strong breaking of family SU(3)

Pomarol, Tommasini; Barbieri, Dvali, Hall; Barbieri, Hall; Barbieri, Hall,
Romanino; Berezhiani, Rossi; Masiero, Piai, Romanino, Silvestrini; …

 
-hinted at by ν ’s in SUSY-GUTs

Baek, Goto, Okada, Okumura; Moroi; Akama, Kiyo, Komine, Moroi; Chang,
Masiero, Murayama; Hisano, Shimizu; Goto, Okada, Shimizu, Shindou, 
Tanaka; …
 

-room for deviations from the SM 
in time-dependent CP asymmetries

 of b->sqq decays (Ks,Ks,...)

FV and CPV in b -> s transitions



  

Marco Ciuchini Page 17Heavy Flavour Forum at Cosener's House  22nd June 2007

msq=mgl=-=350 GeV
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Re (δd
23)LR vs Im (δd

23)LR

ACP(B->X g) only

BR(B->X g) only

BR(B->X l+l-) only

All constraints

~ ~L=mg=mq= 1 TeV

 reconstruction simulated at SuperB
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Correlation
between
S(Ks)

and S(0Ks)
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LFV BR ratios can distinguish
LHT from SUSY

M. Blanke et al., 
hep-ph/0605214
hep-ph/0702136

Several peculiar
correlations in

the littlest Higgs
model with T-parity

correlations of SL and t-dependent CP asymmetries 
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Conclusions (i)
In indirect searches benchmarks are not
needed as long as one looks at low-energy
observables: in this case correlations  are

better studied with EFTs or in models with
generic flavour sector 

 

Although flavour physics alone cannot
identify the NP model, the determination

of the FV and CPV couplings provide unique
information on the NP Lagrangian
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Conclusions (ii)

First step at the LHC-flavour workshops to
implement low- and high-energy constraints

on the same MSSMparameter space
 

Other correlations among low- and high-
energy observables still to be explored
For ex.: squark mixing vs squark decays

 

SUSYfit (?)


