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He was the "father of flavor physics" and will

be missed. Of course like all great physicists he will
live on through the important contributions he has
made to our understanding of nature
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A few relevant steps of Nicola
Biography and Scientific Career

~N O O1

. 1960-1962 LNF of INFN Frascati
. 1962-1965 CERN, Lawrence Radiation Laboratory

Berkeley and Harvard

. 1965 Full Professor at L'Aquila, 1966 in Rome La

Sapienza (from 84 for about 10 ys at Tor Vergata)
then la Sapienza until his retirement in 2010

. Inthe "70s & "80s Institute for Advanced Study

Princeton, Paris, New York, Syracuse, CERN

. 1985-1993 INFN President
. 1993-1998 ENEA President
. Member of the Accademia Nazionale dei Lincei,

National Academy of Science of United States of
America

. President of the Pontifical Academy of Sciences
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Hadron Production in e*e- Collisions ().
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1. — The simple properties of deep inelastic electron-proton
gested models where these processes arise as interactions of virt

L elemeﬂtmj » comiionenl ol the prolon. These as S et uuspecﬂieﬂ elememary COmpo-

nents of the proton have been given the name of « partonss by Feyxmaw (). The

At the dawn of the
Parton Model
Well before QCD

‘Ii’oma

scattering has sug-
ual photons with an

model has been studied by Biorkex and Pascnos (*) and successively by DRrEerLr,
Levy and Tuoxeg Mow Yax (*) who gave a ficld-theoretical treatment of the parton

process. In this letter we wish to extend the method of ref. (%) to the study of the total
cross-section of electron-positron annihilation into hadrons.

This treatment leads to an asvinptotic (verv high cross.section c.mn. energy, 2F)
of the form

(1) o [ 3 @r+ 43 @]
1232 §0 nvg
where @, is the charg T 1-Uh parton i umts ol . 1mis s sinply the sum of the

contributions of the single partons considered as pointlike (*). Each parton contributes
a different kind of events to the total eross-section. The typical high-energy event
should consist in the production of a pair of virtnal partons, each of which develops
into a jet of physical hadrons.




1. — The simple properties of deep inelastic electron-proton scattering has sug-

gested models where these processes arise as interac
¢ elementary » component of the proton. These as ye
nents of the proton have been given the name of «
model has been studied by Biorkex and Pascros
Levy and Tuxe Mow Yax (*) who gave a field-thed
model, and were able to recover some of the experime;

At the dawn of the
Parton Model
Well before QCD

process. In this letter we wish to extend the method of ref. (*) to the study of the total
cross-section of electron-positron annihilation into hadrons.
This treatment leads to an asymptotic (very high cross-section c.n. energy, 2F)

of the form
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where @, is the charge of the i-th parton in units of e. This is simply the sum of the
contributions of the single partons considered as pointlike (*). Each parton contributes

a different kind of events to the total eross-section.

The typical high-energy event

should consist in the production of a pair of virtual partons, each of which develops

into a jet of physical hadrons.




2. — The total cross-section for hadron production is proportional (%) to the absorp-
tive part of the two-point correlation function of the c.m. eurrent

2
2) ¢ = “;’3 M(4E3).
where
(3) TGN Guy — G2 0p) = (27 D 8%(p, — q) O[T (0)|n> {m|L,(0)[0) .

Following the method of ref. (*) we employ the noncovariant perturbation expansion
in the P— co frame. This limit is obtained by send . .
features of this limit, originated by Fusixi and Furra

by WEINBERG (%).) |

——

JET PHYSICS |

rig. 1.

; 1
(5) (27)1

f Qi exp [igz] Ofja(@) j4(0)[0) .

.

Since j, is now the free current of the partons, this leads directly to eq. (1).
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EXPONENTIAL HADRONIC SPECTRUM AND QUARK LIBERATION

N. CABIBBO

Istituto di Fisica, Universitd di Roma,
Istituto Nazionale di Fisica Nucleare, Sezione di Rome, Italy

G. PARISI
Istituto Nazionale di Fisica Nucleare, Frascati, Italy

Received 9 June 1975

The exponentially increasing spectrum proposed by Hagedorn is not necessarily connected with a limiting tempera-
ture, but it is present in any system which undergoes a second order phase transition. We suggest that the *“‘observed”
exponential spectrum is connected to the existence of a different phase of the vacuum in which quarks are not confined.

Following Hagedorn [1] we will impose the boot-
strap condition: A

Inw(E) _
Am e E) - ®

This relation can be satistied if, for large £, w(£)
- E%=3 exp (E B.) with & < 2 [1,8]. Under these

’ c?

F(B)=A(B—B,)>* + less singular terms. ) I
I
Only if o =1 the infernal energy density }
d . . . ) .
U= d_F(ﬁ) Fig. 1 Schematic phase diagram of hadronic matter. pp is the
B density of baryonic number. Quarks are confined in phase I

and unconfined in phase II.

becomes divergent at §= g, and T, = 1/kf, is a limit-
ing temperature.

For a < 1 U(p) reaches a finite limit at § = .. At
greater temperature all thermodynamical quantities re-
main finite, but the integral representations, egs. (2)
and (5) are not any more valid.
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Upper limits

SUNDS ON THE PERMIONS AND HIGOS BOSON MASSES
AE CRAND UNIPISD THEORIES

sm‘i}f. (ge\z-—lbn‘s)kz (3.2)
ax 4

The quark mass is @

'Mf = a('f)"\ (3.3)

In writing Eq,. (3.2), terms of order @, and o have been neglected.
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In the framework of GUT, the requirement
that no interaction becomes strong and no

vacuum Instability develops up to the
unification energy, 1s shown to imply

upper bounds to the fermion masses as well

as upper and lower bounds to the Higgs

boson mass. These bounds are studied 1n
detail for the case of the unifying groups

SU(S5) or O(10)
12 June 1979

2\1(1‘)7 %f*ﬂds (4.1)

corresponding to M, > 250 GeV. Clearly, in the vicinity of the singular
point, Bq. (3.2) does not descride the correct behaviour of h2, in that
higher order corrections become significant. The presence of a singularity
in the solution of Eq. (3.2), for a certain value of q2, is simply a signal
that, at that energy scale, the interaction becomes strong. This should not
happen for q2 smaller than !g, and this condition leads to an upper bound

for the initial value, hz(nz). We note that the stronger condition that

12(q2) remains small for q2

< lﬁ, leads essentially to the same bound.
'his is due to the fact that LU is very large, and that the solution to
. (3.2) varies very rapidly near the singular point, We shall therefore

dopt the weaker bound discussed above.

We have determined the upper bound of ho(%%) by solving rumerically
9. (3.2)s In the case N=3, Eq. (4,1) is sufficient to describe the
ariation of a, with q2. For N=8, we have taken into account the two
oop corrections to the evolution of @y computed in Ref, 11), Using
s(ﬂz) ~ 0,7, we find :

My <200 ¢eV (N=3)




321{"%_)_ - 42+ 42087 - 3 (3g%+ 3‘2) Upper limits
t

-3¢ &‘ + ‘g [’2.34.»(5‘4-3")‘] (3.5)

'M‘zﬂ - %A('\I)'\I (4.3)

The resulting bound on MH’ s a function of the heavy quark mass

' 18

shown in Fig. 1, for the case N= 35y and {4

100




‘Lower limits given by the stability of the potential ‘

Looking back at Bq. (3.5), we see that A(q°) can be driven to nega-
tive values if the Yukawa coupling dominates the r.h.s.

The situation is
easy to analyze if we neglect the q2

dependence of h, g and g2 It :

36“-* _ % [296* (-3;*3")‘.] oC

o< 12M;‘~3(2M;+ M:)>o (5.2)

the r.h.s. of Bq. (3.5) has one negative and one positive root : A_<0< x*.
The negative root A_ is an ultra-violet stable fixed point. Under these

conditions, for any initial value in the region :
ey
0¢ A Ay

A becomes negative at some finite value of q2. A lower bound for x(ﬂz)

(5.3)

can thus be obtained, by requiring that this does not happen for q2 less

than K,z. In the more complicated case where h, g and g' evolve with q2
accordi;g to Egs. (2.1) and (3.2), the lower bound can be obtained numerically.
The corresponding lower bound on MH ig displayed in Figs. 1 and 2, for N=3

*
and 8 respectively , as a function of the fermion mass, i.e., h(ﬂe).

200

100

Me
FIG.1




G. Altarelli & 6. Isidors

LOWER LIMIT ON THE HIGGS MASS . . .
IN THE STANDARD MODEL: AN UPDATE Coleman-Weinberg Effective Potential
approach
V) leer (o —~mid? | %‘-Aoo‘ i
R !’i’.‘_’a("’?‘_ Swa W 8
™ [4" (ll) “’g 2) 3 “In "3 9 4 2“ In "2 6
3 od Z 5 v T 3\] ‘e
o - 3'[ l -
1 4/ (ln E 6) ( n -'—,

" "For present
Ho=-md+M¢?/2,  G=-—md+Xé?/6, developmenTS

“(' - g?ﬂ¢2/4o Z - (9?0 { yg‘l)oz/"' T I k b i G ° G ° d °
reqnirement that the running coupling A(A) never becomes nege a y |C(n l u I Ce

larger than all mass scales in the theory the one-loop potential

this afternoon at
o)~ gt o (00 - s (£ 4 30 pm

This is just the expansion of the quartic term in the RCG improved potential:

where

Vi " (#) = 4 %»\(f-)iE(fMI‘ O, aul(t)), (4)
where
€0 = exp(~ [ AN, ), v log(A/p), (5)
| dg, |
O _ 00, W) - G 0, (6)

A(.O) A 5i(0) = 9w (7)



Nuclear Physics B208 (1982) 365-380
© North-Holland Publishing Company

LEPTONIC DECAY OF HEAVY FLAVORS:
A theoretical update
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The " naive" ancestor of the
HQET shape function for
semileptonic and radiative
decays

It contains, however, up 1o a
redefinition of the non
perturbative parameters, the
main features of the modern
theory

The spectrum of charged leptons in semileptonic B and D decays is reanalyzed. Special
emphasis is given to the behaviour near the end point which is of importance for the determination
of the b—u versus b- ¢ couplings. In particular the efiects of soft gluons are studied and their
contribution is resummed in leading double logarithmic approximation. This effect determines
the cnd-point behaviour for the decay of a heavy quark into massless quark and leptons, such as
b-u e ¥.. Bound-state corrections to the parton picture are treated in a model which satisfies
all kinematical constraints. A comparison of predictions for charm decay with experimental data

is also presented.



378 G. Altarelli et al. / Leptonic decay of heavy flavors

Fit of the parameters from

, The lepton spectrum of D decays

I |

’ 6. dI'_ /AE for B meson decay for My =5.218GeV, m_=0.15 GeV, m.=1.7GeV, my, =
GeV, = 0.24, various values of Pg as indicated (in GeV) and Py = 0.76 GeV. The absolute scale
1 1 1 1 12 is arbitrary, but the relative normalizations are correct.
07 08 08 10 1
o a 02 03 04 05 08 £ (6o)
. - =0.3GeV, my,=0.1 .
. trum in D decay for Mp=1.866 GeV, m > ' ) B

Fig. 3. Ch:gedol;:lg:\;p::dmhm (solid), Pg=0.15GeV (dotted), Pg=0.3GeV (d - The, comparing our predictions with the spectra obtained in e*e” - Y™ BB, the
SEE Sas normalization is fixed to the number of events. _est uncertainty, at present, seems to arise from the poor determination of the

B mass, i.e. of the B momentum at a given value of the beam energy. The present
bounds on the B-meson mass are [14]

5.162 GeV=My=5.275GeV, (42)

5279.17 £ 0.29 PDG FIT

Prediction of the spectrum in B

decays for b ->cand b -> u
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/T dI'/dM
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Fig. 38. Comparison of different theoretical treatments of inclusive b — w transitions: (a) E; spectrum;
(b) M x spectrum. Red, magenta, brown and blue lines refer, respectively, to DGE, ADFR, BLNP, GGOU
with a sample of three different functional forms. The actual experimental cuts at E; = 1.9,2.0 GeV and
My = 1.55,1.7GeV are also indicated.
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Fig. 41. The hadronic invariant mass spectrum [595] in Belle data (points) is shown in (a) with histograms
corresponding to the fitted contributions from b — c¢fv and b — ufv. After subtracting the expected
contribution from b — cfv, the data (points) are compared to a model b — wfv spectrum (histogram)

Fig. 40. The inclusive electron energy spectrum [594] from BaBar is shown for (a) on-peak data and in (b)
in (b).

¢ continuum (histogram); (b) data subtracted for non-BB contributions (points) and the simulated
contribution from B decays other than b — ufv (histogram); and (c) background-subtracted data (points)
with a model of the b — ufv spectrum (histogram).
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A NEW METHOD FOR UPDATING SU(N) MATRICES IN COMPUTER SIMULATIONS
OF GAUGE THEORIES

Nicola CABIBBO
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and
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We present a new method for updating SU(V) matrices in lattice gauge theories simulations. The new method has been

found for the case of SU(3) to be about three times more efficient than the Metropolis method.

23/30 December 1982

In this paper we propose a new method for updating
SU(NV) matrices which is a natural extension of the
Creutz method for SU(2).

Tests executed on a 44 lattice in SU(3) indicate
that the method is more efficient that the Metropolis
method: the new method led to a 40% saving in the
computer time used for one iteration, and the thermal-
ization is achieved faster, as indicated by a flatter hys-
teresis cycle during fast thermal excursions.

Fig. 3. Correlation function C), [see eq. (17)]. Black dots:
new method. Open circles: Metropolis.




Published in Nucl.Phys.B244:381-
391,1984.

mid-August holiday
paper !

WEAK INTERACTIONS ON THE L.

N. Cabibbo

Dipartimento di Fisica, II Universita di
INFN, Sezione di Roma, Roma

G. Martinelli
INFN, Laboratori Nazionalidil

Frascati, Italy

and
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fig.1a fig.1b

As a second test we have evaluated the Ko - Yomatrix ele=

ment:

SRR Mg S0 )RS <o) (10214 )10

R. Petronzio *) By ~0.9 (1+£0.3) [N” \04.1

CERN -~ Geneva

ABSTRACT

We show that lattice QCD can be used to evaluate
the matrix elements of four fermion operators
which are relevant for weak decays. A first com-
parison between the results obtained on the lat-

tice and other determinations is also presented.

Calculation Of Weak Transitions In Lattice Qcd.

Richard C. Brower, Guillermo Maturana, (UC, Santa Cruz) ,

M. Belen Gavela, (Brandeis U.) , Rajan Gupta, (Harvard U.)
Phys.Rev.Lett.53:1318,1984.

This result is in good agreement in sign and magnitude with
the vacuun insertion value of Ref. /10/, but about 3 times larger
than the estimate of Ref. /11/.

J Donoghue Phys. Lett. 119B (1982) 412

We were opening the Pandora box
of Weak Interactions on the
lattice (chiral symmetry, power
diver. and renormalization, FSI
efc.)
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All unquenched calculations until lagt year at
fixed (and rather large) lattice spacing
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Observables Measurement
Bk 0.756 + 0.016 21%
fes 0.2301 = 0.0012 N
fes/fea 1.208 + 0.005 §¢>
Bss/Bszq 1.032 £ 0.038
Bes 1.35 + 0.06 4 4 %,

D

NN

FLAG 2019 suggests to take the most precise between the Nf=2+1+1 and
Nf=2+1 averages.

We quote, instead, the weighted average of the Nf=2+1+1 and Nf=2+1
results with the error rescaled when chi2/dof > 1, as done by FLAG for the
Nf=2+1+1 and Nf=2+1 averages separately

}\Vlo\\vl
LATNNNL~7

0=

7
NN

PO DHIOKDHIDHKIHIPHKDHIOKDHPHKDIPHRIHDKRDI

ZZANNVZZINNVZ7)NN\ 27 N\VZ70N\VVZ70 N\ Z70N\VZ70NN\V270NN\ 270 N\VZ70N\VZ70NN\Z70N\V2Z7 0 N\VZ7 0 NN\VZZ NN\VZ70NN\Z7 0 NN\VZZANNVZZ0NNY,.__

4]

arcella Bona

O Z N Z N Z O Z Y 2 Z O Z IR Z R Z IR Z I Z (N Z N Z N Z N2 N2 V27 NNV NNV NNV NNV NV N2 N7 N2 NV N



K® — mrr(l = 0) contractions

e o

typel type2




An exceptional result that took about 15 years of the Columbia
Group+C. Sachrajda +A. Soni + several tens of PhD students

and Post Docs, need to be checked by a second qroup

Direct CP violation and the AI=1/2 rule in K — nz decay
from the standard model

R. Abbott," T. Blum,” P. A. Boy1e45 M. Bruno N. H. Christ,' D. Hoying,>” C. Jun% C. Kelly®," C. Lehner,”
R.D. Mawhmney, D.J. Murphy, C.T Sachrajda A. Soni,” M. Tomii,” and T. Wang

We present a lattice QCD calculation of the Al = 1/2, K — zx decay amplitude A, and €', the measure of
direct CP violationin K — zz decay, improving our 2015 calculation [1] of these quantities. Both calculations
were performed with physical kinematics on a 323 x 64 lattice with an inverse lattice spacing of
a~! = 1.3784(68) GeV. However, the current calculation includes nearly 4 times the statistics and numerous
technical improvements allowing us to more reliably isolate the zz ground state and more accurately relate the
lattice operators to those defined in the standard model. We find Re(Ag) = 2.99(0.32)(0.59) x 10~7 GeV and

Im(Ay) = —6.98(0.62)(1.44) x 10~ GeV, where the errors are statistical and systematic, respectively. The
former agrees well with the experimental result Re(Ay) = 3.3201(18) x 1077 GeV. These results for Ay can
be combined with our earlier lattice calculation of A, [2] to obtain Re(€’/e) = 21. 7(2 6)(6.2)(5.0) x 10~
where the third error represents omitted isospin breaking effects, and Re(A,
first agrees well with the experimental resul@’%/e) 16.6(2.3) x IO‘ananson of the second
with the observed ratio_Re(A)/Re(A,) = 22.45(6), demonstrates the standard model origin of this
“Al = 1/2 rule” enhancement.
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Breve Storia del progetto APE

Nicola Cabibbo

Dipartimento di Fisica
Universita di Roma “La Sapienza”

8 Febbraio 2006

see talk by Giorgio Parisi this afternoon at 2 pm



Limpatto di APE

e Scientific, technological and social impacts:
— APE is standard “de facto” in European LQCD computing area
— Huge number of scientific and technological (HW, SW, Architecture) papers

— Establishment of an international computing facility fully dedicated to
scientific numerical computing

e Laboratorio di Calcolo apeNEXT: 12 TFs installed, opening on February, 8th

— Strategic opportunities to increase national(European) industry capability

e Eurotech
— INFN collaboration -> HPC division, market expansion, international visibility
e Finmeccanica/QSW

— Training, dissemination and establishment of spin-off companies
o Atmel/Ipitec SPIN OFF OF THE APE PROJECT

i Neal — Cabibbo as smart manager
" veree 0 as INFN and ENEA President

see talk by Piergiorgio Picozza




Other papers that I do not have time to discuss

Volume 40B, number 3 PHYSICS LETTERS 10 July 1972

THE DRELL-HEARN SUM RULE AND THE LEPTON MAGNETIC MOMENT
IN THE WEINBERG MODEL OF WEAK AND ELECTROMAGNETIC INTERACTIONS

G. ALTARELLI

Istituto di Fisica dell’Universita, Roma, Italy

N. CABIBBO

Istituto di Fisica dell’Universita, Roma, Italy
and Istituto Nazionale di Fisica Nucleare, Serione di Roma, Italy

and

L. MAIANI
Istituto Superiore di Sanita, Roma, Italy
Istituto Nazionale di Fisica Nucleare, Sottosezione Sanita, Roma, ltaly

1) DETERMIN ATION OF THE AO- A(2PION SCATTERING LENGTH FROM
K+ ---> Pl+ PIO PO DECAY.

By Nicola Cabiblko (CERN ),. CERN-PH-TH-204-07 3, Mg 20@. 8p.

e-Print Archive: hepph/040500

see talk by Patrizia Cenci this afternoon
At 2:30 pm



Nicola was keen to teach and continued to do it until very recently.

He was able to find simple arguments, and arrive to classical
results with original and intuitive demonstrations, to explain
difficult concepts.

His students were fascinated by his simplicity, gentle modes
and sense of humour. So we did, all of us we who had the
privilege to be his collaborators and friends. (L. Maiani)






Before the end....

Nicola will remain a reference for those who had the privilege
to interact with him, and for the future generations of young
researchers who will share with him the passion for physics
and in general the love for the investigation of the misteries

of Nature.

We are all grateful to him for the example that he gave as
a scientist, as a teacher and as a manager of impeccable
moral integrity.




