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PLAN OF THE TALK

Thanks to 
R.Barbieri, M. Bona, A. Di Domenico, 
G. Isidori,V. Lubicz, C. Sachrajda, L. 
Silvestrini, S. Simula, L. Vittorio 

Only for this session:      From Max Planck to Antonio Masiero 



CP Violating B Decays in the Standard Model 
and  Supersymmetry

M Ciuchini, E Franco, G Martinelli, A Masiero, L  Silvestrini

The context: M Ciuchini, E Franco, G M,
L  Silvestrini just finished a phenomenological

study of two body non-leptonic B decays 



The Hamiltonian λf =VfdV⋆
fb



The Wick Contractions 





Antonio came in with  Susy: FCNC in the mass 
insertion approximation
i) SM predictions, however, are plagued by large uncertainties;
ii) A critical assessment of these uncertainties constitutes a major goal 

of this work;
iii) We discuss several possibilities of looking for signals of low-energy 

supersymmetry (SUSY) in CP  violating B decays (in spite of i)).

As for the SUSY contribution we make use of the parameterization of the
SUSY FCNC and CP quantities in the framework of the so-called mass 
insertion approximation [L.J. Hall, V.A. Kostelecky and S. Raby]

For the fermion and sfermion states, we choose a basis where all the 
couplings of these particles to neutral gauginos are flavour diagonal, 

while the FC arises from the non-diagonality of the sfermion propagators   
Where

is an average sfermion mass and         denote
off-diagonal terms in the sfermion mass matrices
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Four different   mass-insertions in the down-squark propagators give 
rise to b -> s or  b -> d transitions:
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and             in SUSY at the Next-to-Leading order
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The Hamiltonian 

Novelties: 
Wilson coefficients computed at the NLO
Lattice matrix elements of extra operators

LO QCD corrections 
Important 
Bagger et al. 



Feynman Diagrams 
in the mass-insertion approximation



Results



Two Body non-leptonic decays in the SM and Beyond 
(Moriond 2004) 

Due to new graphics 
facilities
at the beginning of 

the new millennium



<latexit sha1_base64="8vW1HKWFTvzqB2gJUJGKgrLX3Ac=">AAAB9XicbZDLSgMxFIZP6q3WW9Wlm2AR3FhmRNRlqRuXFewF2rFkMpk2NJMZkoxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/H4iuDaO840KK6tr6xvFzdLW9s7uXnn/oKXjVFHWpLGIVccnmgkuWdNwI1gnUYxEvmBtf3QzrbcfmdI8lvdmnDAvIgPJQ06JsdZDvR/gM9zzicIW++WKU3Vmwsvg5lCBXI1++asXxDSNmDRUEK27rpMYLyPKcCrYpNRLNUsIHZEB61qUJGLay2ZXT/CJdQIcxso+afDM/T2RkUjrceTbzoiYoV6sTc3/at3UhNdexmWSGibpfFGYCmxiPI0AB1wxasTYAqGK21sxHRJFqLFBlWwI7uKXl6F1XnUvq+7dRaVWz+MowhEcwym4cAU1uIUGNIGCgmd4hTf0hF7QO/qYtxZQPnMIf4Q+fwB5SJE0</latexit>

Bd � B̄d

<latexit sha1_base64="dHFEeC/tZfCxhKafTeoHBDF2Sq8=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVU1E1GWpG9FNBfuAJoTJZNIOnTyYmYgl9FfcuFDErT/izr9x2mahrQcuHM65l3vv8VPOpLKsb6O0srq2vlHerGxt7+zumfvVjkwyQWibJDwRPR9LyllM24opTnupoDjyOe36o+up332kQrIkflDjlLoRHsQsZAQrLXlmtekFyFEJuj11UsnQnSc9s2bVrRnQMrELUoMCLc/8coKEZBGNFeFYyr5tpcrNsVCMcDqpOJmkKSYjPKB9TWMcUenms9sn6FgrAQoToStWaKb+nshxJOU48nVnhNVQLnpT8T+vn6nwys1ZnGaKxmS+KMw40r9Og0ABE5QoPtYEE8H0rYgMscBE6bgqOgR78eVl0jmr2xd1+/681mgWcZThEI7gBGy4hAbcQAvaQOAJnuEV3oyJ8WK8Gx/z1pJRzBzAHxifPzpQk0c=</latexit>

Bd ! J/ Ks

D Becirevic, M Ciuchini, 
E Franco, V. Gimenez, 
G Martinelli, A Masiero, 
M Papinutto, J Reyes and
L Silvestrini

mixing and the                         
asymmetry  in general SUSY models







The coq-au-vin and beyond
We turned to new
ideas/models 

for flavor physics
The ZIZ model: 
Ziz in the mitology

denotes a geant bird,
like a gryphon,  

the most extraordinary 
creature of the sky 



We were working very hard …

...  even on Sunday … 



The coq-au-vin and beyond, 
namely from a gryphon to a chicken

The ZIZ model was plagued by too large FCNC
effects incompatible with experimental findings



Together with R Contino, 
A Masiero, A Romanino, L 
Silvestrini, F Zwirner  we got 
an ERC grant that allowed us to 
have exceptional  post docs for 
5 years





indirect evidence
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PRESENT:the Standard Model and 
beyond

Vacuum 
Energy

L = ⇤4 + ⇤2
H

2 + �H
4+

(DµH)2 +  ̄ 6D + F
2
µ⌫ + Fµ⌫ F̃µ⌫

Y H ̄ +
1

⇤
(L̄H)2 +

1

⇤2

X

i

CiOi + . . .

Hierarchy
Vacuum 
Stability

Strong CP

Flavor 
puzzle

Neutrino 
Masses

New Physics 
Possible breaking of 
accidental 
symmetries 

Buchmuller&Wyler  ’88

Higgs meson 2012

neutral currents 1973
charm quark 1974

Only circled terms discussed in this talk
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m⌫  1 eV

Quark  
Masses from 
Lattice QCD

Zupan

?



The Higgs introduces the only known non-gauge couplings

Higgs  couplings are not 
flavor blind

flavor blind and CP conserving

courtesy of B.A. Stefanek

See talk by R. Barbieri
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µ � gW

2 cos ✓W
ZµJZ

µ � gW
2
p
2
[Wµ(JW )†µ + h.c.]
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JZ
µ = 2J3

µ � 2 sin2 ✓WJem
µ
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µ ū�µ(1� �5)d+W+
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neutral currentselectromagnetic charged currents



Absence of FCNC  at tree level  (& GIM suppression 
of FCNC @loop level) 

Almost no CP violation at tree level 

Tiny CP violation in K and D mesons
due to small coupling between the
third and the two first generations

Flavour Physics is extremely
sensitive to New Physics (NP)

In competition with 
Electroweak Precision  
Measurements



Why Flavor Physics is so important:

It  is  sensitive to NP  scales                                       
since FCNC  are suppressed  in the SM by loops and 
small 

SM Flavor puzzle:
Why flavor parameters are so small and hierarchical? 
(and different from  the neutrino  sector)

NP Flavor puzzle:
If NP is at the TeV scale, why FCNC
effects are so small that  they have not be detected yet?
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Rare decays allowed in the SM
 qi     ->  qk +    n n
qi     ->  qk +    l+ l-
qi     ->  qk +    g

these decays occur only via loops and are 
suppressed by CKM because of GIM

THUS THEY ARE  SENSITIVE TO 
NEW PHYSICS

WHY RARE DECAYS ?
Rare decays are a manifestation of broken   (accidental) 
symmetries e.g. of physics  beyond the Standard Model

Proton decay               baryon and lepton number conservation
µ ->  e  + g lepton  flavor number
ni -> nk      found !







N(N-1)/2           angles           and        (N-1)(N-2) /2     phases

N=3      3 angles + 1 phase      KM 
the phase generates complex couplings i.e.  CP 
violation;  
6 masses +3 angles +1 phase = 10 parameters

Vud Vus Vub 
Vcd Vcs Vcb 
Vtb Vts Vtb 

 

 



STRONG CP VIOLATION 

Lq  =   q Gµna Ga
µn                 Ga

µn = eµnrs Ga
rs

 
Lq  ~   q  Ea · Ba

en   <  3  10-26 e cm

q  < 10-10   which is quite unnatural !!

Georg Raffelt, MPI Physics, Munich Vistas in Axion Physics, INT, Seattle, 23–26 April 2012

Pie Chart of Dark Universe

Dark Energy 73%
(Cosmological Constant)

Neutrinos
0.1−2%

Dark Matter
23%

Ordinary Matter 4%
(of this only about
10% luminous)

This term violates CP and gives a contribution to 
the electric dipole moment of the neutron



Vud Vus Vub 

Vcd Vcs Vcb 

Vtd Vts Vtb 
 

 

Quark masses &
Generation 
Mixing

Neutron
Proton

ne

e-

down
up

W

| Vud | 

| Vud | = 0.9735(8)
| Vus | = 0.2196(23)
| Vcd | = 0.224(16)
| Vcs | = 0.970(9)(70)
| Vcb | = 0.0406(8)
| Vub | = 0.00409(25)
| Vtb | = 0.99(29)
            (0.999)

b-decays

updated values later



Sin q12 = l
Sin q23 = A l2

Sin q13 = A l3(r-i h)
𝛿13 = 𝛾 = 𝜙3



K0
 - K0

 mixing

Unitary
Triangle
   SM

B0
d,s - B0

d,s  mixing Bd 

2005

semileptonic decays



redundancy is the big strength of the UT analysis
one can remove a subset of inputs and still determine the CKM
one can exclude h=0 using only CP conserving processes 



The extraordinary progress  of the experimental 
measurements requires accurate theoretical predictions 

Precision flavor physics requires the control of hadronic 
effects for which lattice QCD simulations are essential

BSM

SM

What can be computed and 
What cannot be computed 



small q2 in the future

Courtesy of C.T. Sachrajda



Charming 
penguins 
diagrams

Local 
form 
factors



Like the electromagnetic form factors
Minkowski to Euclidean straightfoward



intermediate light state propagates for t>0, continuation from 
Minkowski to Euclidean problematic

other contributions Hansen, Meyer, Robaina;
Hashimoto, Ishikawa  et al.,; ….
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From the May/June 2024 issue of the Cern Courier

Theoretical  progresses: 
First lattice calculation by the Rome-

Southampton Collaboration G. Gagliardi et al. 
(2402.03262)



λq = VqbV*
qs

b -> s  transitions  (appetite comes with eating)



Charming Penguins Diagrams
(previously neglected)



Charming Penguins Diagrams: 
HLT & R. Frezzotti et al  Spectral-function determination of complex
electroweak amplitudes with lattice QCD
Phys. Rev. D 108 (2023) 074510, [arXiv:2306.07228].

T-product of two ops



Charming Penguins Diagrams: 
T-product of 3 ops
6 time orderings

+ renormalisation of power divergences+ lattice 
mixing among operators + matching to the continuum
Wilson coefficients of the effective Hamiltonian +
the numerical calculation

we have a signal 



This approach can be generalized to n-operators

Although it becames quite scaring (see Patella and Tantalo) 

G. Gagliardi et al.
in preparation 
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r = 0.160 ± 0.009   h = 0.345 ±0.011  

Consistence on an
over constrained fit

of the CKM parameters

2023 results  
In the 
hadronic 
sector,  the 
SM CKM  
pattern 
represents 
the 
principal 
part of the 
flavor 
structure 
and of  CP 
violation 

a = (92.4  ±  1.4 )0 
sin2b = 0.703 ± 0.014
b = (22.46  ±  0.68 )0 
g = (65.1 ±  1.3)0 
A = 0.828 ± 0.011

 λ = 0.22519 ± 0.00083 
2022

CKM matrix is the dominant source of flavour mixing and CP violation

To be updated 



51Marcella 
Bona

Unitarity Triangle 
update

Unitarity Triangle analysis in the SM:

levels @
95% Prob

r = 0.158 ± 0.009
h = 0.352 ± 0.010 

l = 0.2250 ±
0.0007
A= 0.826 ± 0.009



52Marcella 
Bona

Unitarity Triangle 
update

Some interesting configurations 

Sides and eK
r = 0.176 ± 0.015
h = 0.377 ± 0.022 

“Tree only”
r = ±0.156 ±
0.024
h = ±0.372 ±
0.035

→ reference
for model
building

Angles only
r = 0.144 ± 0.016
h = 0.343 ± 0.012 

CP conserving
constraints
r = 0.170 ± 0.017
h = 0.361 ± 0.035 
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2016

Experimental progress so impressive that we can fit
the hadronic matrix elements (in the SM)



…. beyond
 the Standard Model



1. The CKM phase is different from zero
2. The CKM phase is the dominant source of CP violation at low energy
3. No evidence for corrections to CKM 
4. NP contributions to observed  FCNC  at most comparable (smaller) than the CKM ones
5. NP contributions  very small in  s->  d,  c ->  u , b -> d, b -> s



Constrains on NP from UTfit



New local four-fermion operators are generated
Q1 = (bL

A gµ dL
A) (bL

Bgµ dL
B)    SM

Q2 = (bR
A  dL

A) (bR
B dL

B) 
Q3 = (bR

A dL
B) (bR

B dL
A) 

Q4 = (bR
A dL

A) (bL
B dR

B) 
Q5 = (bR

A dL
B) (bL

B dR
A) 

+ those obtained by  L  « R

Similarly for the s quark     e.g.
(sR

A  dL
A) (sR

B dL
B) 

 







Beyond the SM 

2023



1) NP must explain the strong hierarcy of the 
Fermion couplings/masses

2) If the scale of NP it is not too high it must 
suppresses FCNC processes at an accettable 
level 
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Yt ⇠ 1 Yc ⇠ 10�2 Yu ⇠ 10�5
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Yb ⇠ 10�2 Ys ⇠ 10�3 Yd ⇠ 10�5
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Y⌧ ⇠ 10�2 Yµ ⇠ 10�3 Ye ⇠ 10�6
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|Vus| ⇠ 0.2 |Vcb| ⇠ 0.04 |Vub| ⇠ 0.004 � ⇠ 1
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0.1 ⇠ g0 , g , gs , � ⇠ 1.
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FUTURE, BSM: It is difficult to make predictions,
especially about the future 

See Barbieri



This figure not only summarizes the three aspects 
of research in fundamental physics: the energy frontier, 
the intensity frontier and the cosmological frontier …



… but also, and above all, my relationship with Antonio, 
made of extreme scientific respect, great affection 
and deep friendship



absence says more than presence
FRANK HERBERT

(Dune)

THANKS FOR YOUR ATTENTION


