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Introduction
● Enrico has accompanied and guided me from my first 

steps in 1993, we wrote more than 100 papers 
together

● His contribution was fundamental in all those papers, 
and I used to clear up all my doubts discussing with 
him, taking advantage of his clean logical attitude and 
of his sense of humour

● In the following I will quickly review some of his most 
important contributions in UTfit and in the study of 
DF=2 processes beyond the SM 
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Flavour Physics and the UTA

● All flavour and CP violation in the SM 
governed by the Unitary Cabibbo-Kobayashi-
Maskawa matrix V

● No tree-level Flavour Changing Neutral 
Current, and GIM suppression of loop 
contributions

● FCNC ideal place to test the SM and look for 
NP
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SM UTA

● CKM unitarity implies triangular relations: 
(V†V)bd=0=VudVub

* + VcdVcb
* + VtdVtb
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The Prehistory of the UTA
 

● Bayesian analysis of the UTA, with 
Gaussian likelihoods for experimental 
measurements and flat priors for 
theory parameters

● Lattice estimate of fBBB½ breaks the 
degeneracy of eK and allows to 
predict sin2b

1995
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The Birth of UTfit
● B physics was clearly playing a very important role in the UTA
● LEP experiments were producing very interesting B-physics data
● Lattice QCD was needed to take advantage of B physics measurements
● B factories were in preparation, and BaBar “official” ideas on how to 

combine theory and experiment in a global fit were very primitive
● Put together a “dream team” of experts in perturbative calculations, 

Lattice QCD, LEP experiments and Bayesian statistics:

and produce a classic paper containing the fundamental ingredients of 
all future work: a careful combination of experimental results and a 
critical review of lattice and other theoretical inputs  
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Narrow-minded frequentists 
strike back

● Desperately seeking ways to criticize UTfit, a competing 
group published a paper with the only goal of showing 
inconsistencies in the UTfit Bayesian analysis

● They focused on the extraction of the angle a, which 
mathematically has degeneracies, and pointed out that those 
degeneracies were broken in the UTfit results

● Enrico took the lead in understanding the origin of the 
degeneracy breaking, with several very interesting 
implications that led to subsequent developments:
– the extraction of a beyond the Standard Model
– how to improve a with Bs → KK decays and SU(3)
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Enrico having fun with a
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2007
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The importance of being skeptic
● |Vcb| and |Vub| can be extracted from semileptonic B 

decays. Two approaches: exclusive and inclusive decays, 
with long-standing tension between the two determinations 
at the level of ~3s. Need to combine incompatible data 
with some recipe, for example the PDG one

● Since 2015, LHCb measures  |Vub|/|Vcb| from exclusive 
decays, introducing correlation between the two. Not clear 
how to extend the PDG method to 2D: scale the whole 
covariance matrix? Or else?

● Use D’Agostini’s skeptical combination!
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Skeptic discussions...
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Skeptic discussions...
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...and finally...
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a and the UTA Today
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Enrico and NP in DF=2
● DF=2 ideal place to look for NP
● Very stringent bounds on Supersymmetric models, where 

new operators present
● In the 90’s we had all the tools to compute QCD 

corrections to the full operator basis at NLO
● In 1997, Bagger et al point out the importance of QCD 

corrections at the LO
● We start computing the necessary ingredients for a full 

NLO analysis in SUSY (actually, Enrico had worked on 
SUSY models in the 80’s)
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Enrico and NP in DF=2
● We computed the NLO anomalous dimension  

already in 1997
● Lattice values for the matrix elements of the NP 

basis were quickly computed by the Rome group, 
and phenomenological SUSY analyses of DS=2 
(1998) and of DB=2 (2001) were performed

● Finally, the last missing piece, the NLO 
corrections to the SUSY matching, were 
completed in 2006
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New Physics in DF=2 
and the UTA

● Generalize the UTA allowing for NP in loop-
mediated processes:
– Vus, Vcb, Vub, g from trees and a unaffected 

(provided no huge NP effect in EWP)
– NP allowed in DF=2 processes

● Extract both CKM parameters and NP 
contributions
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NP Contributions to DF=2

● Phenomenological parameterization:
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Results on NP Parameters

CBd = 1.14 ± 0.11, fBd = (-3.4 ± 2.0)°, CBs = 1.14 ± 0.08, fBs = (-0.3 ± 0.6)°

CeK = 1.12 ± 0.12
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Results on NP Parameters

Marginalizing on the phase: ANP
d/ASM

d < 35% 
and ANP

s/ASM
s < 30% at 95% probability
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D-D Mixing

● D mixing is not calculable in the SM, but 
nevertheless strongly constrains NP, since CP 
violation in the SM is expected to be very 
small

● the first of a series of papers on the 
combination of exp data on D mixing in the 
SM and beyond

2007
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“REAL SM” APPROXIMATION
● In the SM, imaginary parts suppressed by tiny 

CKM factor r=6.5 10-4

● Given present experimental errors, it is 
perfectly adequate to assume that SM 
contributions to M12 and G12 are real

● All decay amplitudes relevant for D mixing can 
also be taken real

● NP could generate a nonvanishing phase for M12
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D Mixing Today

From R. Di Palma’s
thesis
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FROM DF=2 TO THE NP SCALE

● Heff
DF=2 = ∑i=1

5 Ci Oi + ∑i=1
3 Ci

' Oi
'

● In the SM only O1 (V-A)

● Operators with i>1 are RG- and chirally-
enhanced

● In general, Ci ~ FiLi/L2 

● Take Li=1 and Fi = 1 (generic) or Fi ~ F1
SM 

(next-to-minimal flavour violation)
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GENERIC STRONGLY-
INTERACTING NP

● Best bound from eK, dominated 
by CKM error

● CPV in charm mixing follows, 
exp error dominant

● Bd and Bs behind, error from 
both CKM and B-params

● Non-perturbative NP:
–  L > 4 105 TeV

● Weakly interacting:
–  L > 104 TeV
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Conclusions
● Enrico gave crucial contributions to the development of 

the UTA and to the study of NP in DF=2 processes
● Collaborating with him (on those and on several other 

topics) was a big privilege and an even bigger pleasure 
for me

● I sorely miss discussing physics at the blackboard and 
writing code with Enrico, as much as I miss the 
conversations at lunch and at the coffee machine, when 
Enrico with his universal culture would kindly explain to 
me how things worked in any field
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