
In the occasion  of the Marco 60th birthday



PENGUINS IN   TUTTE LE SALSE  
(ALL POSSIBLE WAYS):

A semi-serious talk on my long,  fruitful and pleasant  
collaboration  with Marco + Some  recent 

developments in Flavor physics

Roma   
17/05/2024



• Nato a Roma il 30/04/1964
• Laurea con lode alla Sapienza 

1988
• Ricercatore Sezione Sanità

1992

we started working together

• Dottorato in Fisica 1993
• Etc. Etc.

HOW ALL BEGAN



La tesi di Marco, un destino segnato: 
diagrammi a pinguino e    b -> s l+ l-



il primo contatto





From Marco Ciuchini slides



My recollection:

1) Andrzej  discussed with me  
charm mass effects and NLO  corrections
at the CERN canteen 
2) At that time only  one calculation
of NLO corrections to the 
Weak Hamiltonian existed

G. Altarelli,G. Curci, G. Martinelli and S. Petrarca
Nucl. Phys. B187 (1981) 461-513 (DRED)

LO by  M.K. Gaillard and B.W. Lee, Phys. Rev. Lett. 33 (1974) 108
G. Altarelli and L. Maiani, Phys. Lett. B52 (1974) 351



Current-Current 
Diagrams 
in DRED 
The birth of  the 

``effervescent”
evanescent

G. Altarelli,G. Curci, G. Martinelli 
and S. Petrarca

Buras & Weisz showed that NDR 
could be used as well
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The Italian Team

- 3 giovani brillanti + un veterano del NLO
per battere Buras sul tempo
- 2 dottorandi: Laura e Marco

Complete calculation of the NLO corrections 
to the  effective Hamiltonian 



The Effective Hamiltonian,  Wilson OPE 
and QCD Corrections  
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GENERAL FRAMEWORK

HDS=1 = GF/√2 Vud Vus
*[ (1-t) Si=1,2 zi (Qi -Qc

i) + 
t Si=1,10 ( zi + yi ) Qi  ]

�Where yi and zi are short distance coefficients, 
which are known  in perturbation theory at the NLO        
(Buras et al. + Ciuchini et al.)
                                t = -Vts

*Vtd/Vus
*Vud 

We have to compute AI=0,2
i= ‹ (π π)I=0,2 | Q i | K ›

 with a non perturbative technique  (lattice,
  QCD sum rules, 1/N expansion etc.)



A0  =  ∑i  Ci(µ) ‹ (π π) | Qi (µ) | K ›I=0 (1- WIB)
 

µ = renormalization scale
µ-dependence cancels  if operator
matrix elements are consistently
computed

Isospin 
Breaking

WIB  = 0.25± 0.08 (Munich from Buras & Gerard)
          0.25± 0.15 (Rome Group)     0.16± 0.03 (Ecker et al.)
          0.10± 0.20  Gardner & Valencia, Maltman & Wolf, Cirigliano & al.





GENERAL FRAMEWORK

‹ HDS=1 › = GF/√2 Vud Vus
* ... Si Ci (a) ‹ Qi(a) ›

MW = 100 GeV

a-1 =  2-5 GeV 

LQCD , MK  =  0.2-0.5 GeV 

Effective Theory - quark & gluons

Hadronic non-perturbative region



Large mass scale: heavy degrees of 
freedom (mt , MW, Ms ) are removed and
their effect included in the Wilson
coefficients

renormalizazion scale µ (inverse lattice
spacing 1/a);  this is the scale where
the quark theory is matched to the 
effective hadronic theory 

100 GeV

1-2 GeV

Scale of the low energy process
L  << MW

THE SCALE PROBLEM:   Effective theories prefer low scales, 
                                        Perturbation Theory prefers  large scales



New local four-fermion operators are generated

Q1 = (sL
A gµ uL

B) (uL
Bgµ dL

A)          Current-Current 
Q2 = (sL

A gµ uL
A) (uL

Bgµ dL
B)

 
Q3,5 = (sR

A gµ dL
A)∑q (qL,R

B gµ qL,R
B)       Gluon 

Q4,6 = (sR
A gµ dL

B)∑q (qL,R
B gµ qL,R

A)      Penguins

Q7,9 = 3/2(sR
A gµ dL

A)∑q eq (qR,L
B gµ qR,L

B)  Electroweak
Q8,10 = 3/2(sR

A gµ dL
B)∑q eq (qR,L

B gµ qR,L
A)    Penguins

+ 10+ Chromomagnetic and electromagnetic operators 



A simple argument for a (two)
 PhD thesis

• about 60 distinct two loop topologies + counterterms
• Dirac and colour algebra by Schoonship 
(Marco was our ambassador with Tiny Veltman)
• NDR and HV regularisation schemes



Competition with the Munich group 
was very tought

• 9211304/9211321 the  Munich group published first the results in the NDR scheme

•     9312203 the  Rome group published  a phenomenological analysis of 

•     9304257  we completed our calculation in both NDR  and HV  with consistent 
results, the two diagrams in HV were corrected with respect to Munich 
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"0/"



Two-loop anomalous dimensions 
& renormalisation schemes

we found that the variation of the two-loop anomalous 
dimension, due to the change of subtraction scheme

can be verified diagram by diagram (group of).
Two diagrams of the Munich  calculation in HV did not 
satisfied this relation 

<latexit sha1_base64="3jflbqHwfOrCd2XsRwgX+HboXcA="></latexit>
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Let us jump foward 
a bunch of years

(around 2000)

chiral quark model
S. Bertolini, J.O. Eeg and M. Fabbrichesi,
hep-ph/0002234 and refs.

therein..



Courtesy by A. Buras 2015 

NEW PHYSICS 
IN KAON 
DECAYS?



Xu Feng Lattice 2017

Phase of final state interaction smaller than the experimental value  







A second group should do this calculation!!
RBC/UKQCD:   e’/ e= 16.7 x10-4 Utfit:   e’/ e= 15.2(4.7) x10-4

Whenever Utfit is quoted,
Marco is one of the authors 

(and founder)



The Italian Team expands:
``il cucciolo” Luca enters the game



Radiative B decays and their 
phenomenological importance
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b ! s� B ! K(⇤)�

Triggered  by two extra operators 
of the effective weak Hamiltonian

<latexit sha1_base64="OsO5SVeCGk3LUJP6SOf+fkve5ZA="></latexit>

Q7 =
Qde

16⇡2
mbs̄a�

µ⌫(1 + �5)baFµ⌫
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Q8 =
gs

16⇡2
mbs̄a�

µ⌫(1 + �5)t
A
ab bb G

A
µ⌫

They appears at the 
LO only at two loops 



At  that  time  there where
three calculations on the market
1) Grinstein, Springer and Wise 1988 

NDR
2) Cella, Curci, Ricciardi  1990 (agree 

with 1))
3) Grigjanis,O’Donnel, Sutherland, 

Navelet,   1990 DRED  (disagree with 
1))

The difference  at the LO was irreducible 
Grigjanis et al. claimed it was an   evidence of the failure of the DRED scheme

After endless meetings in a common room at the ENS, where  I was spending a year , 
we identified  

a                1-loop, scheme-dependent, finite mixing between

Once taken into account, the scheme independence of the LO  Wilson coefficients was 
recovered!
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Q5,6 and Q7,8



The March of the  Penguins
in their march the penguins 
become charming
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B ! K(⇤)`+`�



In 1997 started working in charmless non-leptonic B 
decays, soon to be measured at the B factories.
At that time, it was popular to use topological
amplitudes combined with flavour symmetries.

We felt we could do better using our previous
experience with the effective Hamiltonian
Analysing the structure of operators and matrix
elements, we identified a potentially large non-
factorizable  contribution which I proposed to call 

“charming penguins”

Unfortunately 
Autopsy 
to confront 
Buras Anatomy 
was rejected



Courtesy from Marco 2012
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The Fatwa against 
Our Bayesian Analysis

death to heretics,  their supporters and  
the  suspicions of a false faith (666)

Only the Holy 
Frequentistic Approach
is allowed by
Orthodoxy namely 
CKM-Fitter

AMEN  (and Planck?)



On Utfit I will  give the floor to Marcella Bona

Let us discuss now scientific tourism



NLO penguins 
90-92

radiative 
penguins 93-94

charming  
penguins 97-04

UTfit  00-24 +   
ZIZ

in  tournée

Cervinia



Sapete che ZIZ è il nome che i Fenici diedero a 
Palermo...?
Nella loro lingua significava fiore.



Speriamo di continuare a  incontrarsi e collaborare
per molto tempo ancora

Grazie Marco per 
la preziosa collaborazione

e
l’amicizia


