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"I CAN'T WAIT TO FIND OUT WHAT NATURE HAS IN STORE FOR US”



A special colleague, a lot of
memories, a lot of physics learned

| am not the person that can better tell you what
Guido has given and left to Science. 1 am an
experimentalist and what 1 can try to do here 1s to
tell you what I have understood of the importance
of Guido’s legacy through the impact that his work
had on my scientific life.



a comncidence: the November revolution, my
laurea thesis, a seminar of Sam 1ing at CERN
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Process suppressed by the OZI rule
G. Parisi

Istituto Nazionale di Fisica Nucleare - Laboratorio di Frascati

(ricevuto il 20 Novembre 1974)

never asked
why !

The only expected narrow-width hadronic 1 -particle is the ¢, i.e. a bound state
of charmed quarks (%) (9, ~p'p). .

This identification leads to serious difficulties in that the expected width for o,
is in the (1-=10) MeV range or more, i.¢. at least a factor of twenty larger than eq. (2).



first ...memories from a far past...

 a physics school 1n former Jugoslavia ...on the sea.
Good physics but awtul food. Guido had a car and
suggested to tew of the young 1italian students to
move out searching for a restaurant. We ended up
atter a long search with just mussels .....I leave to
your imagination Guido’s comments....



a second event

 a physics school somewhere else...a ping pong
table...1imagine Guido’s long arms and a good
talent. I eventually won the game ...pure
satisfaction..and sincere congratulations from him




yet another event..

e Guido director of Roma INFN section (1985-1

Discussion of request for next year budget. Some

967
body

(I will not name him) explaining with a lot ot details

the physics of the experiment....and Guido c

early

worried by the time schedule saying: look...the

physics of the experiment 1 know better than you ,
please tell us what you need 1n term of resources.....



and last ..but without detailed
explanation

 laugh to your sister !

- for everybody speaking english with a little (!!!!) of roman accent
- Guido was a myth
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a story that was really fun to listen
from Guido

II. NUOVO CIMENTO Vor. XXXIV, N. 5 1° Dicembre 1964

Single Photon Emission in High-Energy e*-e— Collisions.

G. ALTARELLI and F. BucceLLA

Istituto di Fisica Teorica dell’ Universita - Firenze
(ricevuto il 17 Giugno 1964)
Summary. — In this work we evaluate, for the process e’ --e—— e* e~ -+,
the angular distribution of the emitted photons, their energy spectrum,

and the total eross-section for the emission of photons of energy =¢ in
the extreme relativistic limit.

as I can tell 1t has to do with the ‘laurea’ thesis of both !



Physics finally !

Nuclear Physics B

Volume 126, Issue 2, 8 August 1977, Pages 298-318

Asymptotic freedom in parton language
G. Altarelli #

Laboratoire de Physique Théorique de I'Ecole Normale Supérieure, Paris, France

G. Parisi #*#**
Institut des Hautes Etudes Scientifiques, Bures-sur-Yvette, France

Received 12 April 1977, Available online 26 October 2002

A novel derivation of the Q 2 dependence of quark and gluon densities (of given helicity) as predicted by
quantum chromodynamics is presented. The main body of predictions of the theory for deep-inleastic
scattering on either unpolarized or polarized targets is re-obtained by a method which only makes use of

the simplest tree diagrams and is entirely phrased in parton language with no reference to the
conventional operator formalism.

5891 citations to-date. '1'he most tamous ‘french’ physics paper



that paper...and this one

The Physics of Deep Inelastic Phenomena.

G. ALTARELLI

Istituto di Fisica dell’ Universita - Roma

1. — Deep inelastic scattering. Basic formulae and facts. .
fascinated me so much

that when I joined CHARM

The kinematics for processes of the form

(1.1) i+ N'—=t'+all, - =
at CERN 1t was obvious to me

where { and {" are leptons, is depicted in Fig. 1. ¢, is the current four-momentum = =
and we define to study the potentiality of

- fqu e neutrinos in terms of

my=(p-q), °
(1.2) s —pro=—¢+mwim, INeasuring the structure

p =122 functions and the

; corresponding parton
: densities
q



so thanks to Guido we....

1y career got an Interesting turn (Diemozt erronil ongotM el
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TOTAL CROSS—-SECTIONS FOR HEAVY FLAVOUR PRODUCTION
—————— e e AN TLAVUUR FRUDUCTLION

IN HADRONIC COLLISIONS AND QCD

G. Altarelli
CERN = Geneva

M. Diemoz
Dipartimento di Fisica, Universitd di Roma,
INFN-Sezione di Roma

G. Martinelli
CERN - Geneva

and

P. Nason
ETH = Zirich



it was QCD explored with the

particle that only interacts weakly

The QCD Running Coupling and its Measurement

Guido Altarelli*'
Dipartimento di Fisica ‘E. Amaldi’, Universita di Roma Tre
INFN, Sezione di Roma Tre, I-00146 Rome, Italy

and
CERN, Department of Physics, Theory Division
CH-1211 Geneva 23, Switzerland



Guido had a passion for alfa strong !

4. Conclusion: My Recommended Value of o;(mz)

According to my proposal to calibrate 0f;(mz) from the theoretically cleanest and most trans-
parent methods, identified as the totally inclusive, light cone operator expansion dominated pro-

cesses, I collect here my understanding of the results: from Z decays and EW precision tests,

eq.(3.3):

o, (mz) = 0.1190 % 0.0026: 4.1)

from scaling violations in DIS, eq.(3.19):

o, (mz) = 0.1165 +0.0020: 4.2)

from Rr, eq.(3.10):

os(mz) = 0.1194 £ 0.0021. 4.3)

If one wants to be on the safest side one can take the average of Z decay and DIS:
o(mz) =0.1174 +£0.0016. (4.4)

This 1s my recommended value. If one adds to the average the relatively conservative R; value and

error given above 1n eq. 3.10, that takes into account the dangerous low energy scale of the process,

one obtains:

0, (mz) =0.1184 +£0.0011. 4.5)

Note that this 1s essentially coincident with the "official" average with a moderate increase of the

error. Thus we see that a sufficiently precise measure of 0;(mz) can be obtained, eqs. (4.4],4.5),

by only using the simplest processes where the control of theoretical errors 1s maximal. One 1s left

free to judge whether a further restriction of theoretical errors is really on solid ground.

The value of A (for ng = 5) which corresponds to eq. (#.4) 1s:

As =202+ 18 MeV (4.6)
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after QCD Guido looks at EW

Future Perspectives in Particle Physies (°).

G. ALTARELLI

CERN - Geneva
Dipartimento di I'isica dell’ Universita « La Sapicnza » - Roma
[stituto Nazionale di Fisica Nucleare - Sezione di Roma

(ricevuio i1l 1 Marzo 1934)
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[ntroduction.

The standard model: a summary.

Completing the standard model.

3'l.  Searching for the top quark.

3°2. Searching for the Higgs particle.

Critique of the standard wmodel.

Beyond the standard model.

5'1l. New gauge interactions. The left.right symmeirie models.
Grand unification. Baryon and lepton number violation.
Compositeness.

7°1. Composite Higgs. Technicolour.

7°'2. Composite quarks and leptons.

7°3. Composite weak bosous.

Supersymmetry and supergravity.

Conclusions.




saying clearly (in 1984) what we keep
saying now (32 years after)

The standard model is in agreement with essentially
all of the experimental information which i3 very rich by now.

Furthermore, the standard model does not look as the ultimate theory.
To a closer inspection a large class of fundamental questions emerges and one
finds that a host of crucial problems are left open by the standard model.

(top and Higgs were given for granted)



'I'he next cross

TOWARD A MODEL-INDEPENDENT ANALYSIS OF
ELECTROWEAK DATA

G. Altarelli

CERN - Geneva

R. Barbieri
Dipartimento di Fisica, Universita di Pisa

and

S. Jadach
CERN - Geneva

Abstract

We set the framework for a model-independent analysis of the data on electroweak
precision tests. Starting from three basic observables, the mass ratio my/mgz, the Z
partial width and the forward-backward asymmetry for charged leptons, we define

three dimensionless parameters €1, €2 and €3 which contain the small radiative

correction effects one is interested in, with large my effects only appearing in €;.
The results on the epsilons implied by the present experimental data are discussed
as well as the predictions of the Standard Model, as functions of m; and my, with

ial attention to evaluating the theoretical errors. We formulate a hierarchy of
simple and general assumptions, valid in large classes of models, which are needed
in order to relate the epsilons to an increasingly larger set of observables including

the t-polarisation asymmetry, the forward-backward asymmetry for the b-quark,
gneif inelastic neutrino scattering and atomic parity violation. Correspondingly the

ysis of present data is performed in stages and the conclusions are examined at
each stage. Finally the case of the Standard Model is recovered as a very relevant
particular example.

£1=Ap = (-0.14 +0.50) 102
£ = (-0.82 +0.93) 102
€3=(-0.39 +0.71) 102

when the illusion was
that new physics was
there and the only
problem was how to
better let it show up



very clearly stated

In conclusion, especially in view of the envisaged accuracy that will be obtained by
the electrowcak tests at the end of the LEP1 phase, the study of the epsilons can provide
important constraints and possibly also positive ¢lucs on new physics beyond the Standard
Model. The isolation of different sectors of the theory, as allowed by the epsilons, may
help to clarify the physical origin of any deviation from the Standard Modc! that will
possibly be found or to discard theories that require some specific pattern of radiative
effects on the epsilons which tums out to be incompatible with the data.



the moment of disheartenment

THE HIGGS AND THE EXCESSIVE SUCCESS OF THE
STANDARD MODEL

Guido Altarelli
Dipartimento di Matematica e Fisica, Universita di Roma Tre;
INFN, Sezione di Roma Tre,
Via della Vasca Navale 84, I-00146 Rome, Italy
and
CERN, Department of Physics, Theory Unit,
CH-1211 Geneva 23, Switzerland



observation

The argument for naturalness is really strong...
except that it has failed so far as a guiding principle

As a consequence:

We can no more be sure that within 3 or 10 or 100 TeV.....
the solution of the hierarchy problem must be found

--> implications for future Colliders

Moreover, it is true that the SM theory is renormalizable
and completely finite and predictive

If you forget the required miraculous fine tuning
you are not punished, you find no catastrophe!!



what then ?

1)Insist on minimizing the fine tuning (FT) within the present
experimental constraints.In practice this amounts to imagine
suitable forms of new physics at an energy scale as close as
possible (with new particles that could hopefully be observable
at the LHC14).

2) Accept FT only up to a large intermediate scale (i.e. still far
below MGUT ): e.g. split SUSY.

3) Make the extreme choice of a total acceptance of FT : the
most typical approach being the anthropic philosophy.

4) Argue that possibly there is no FT : make the conjecture that
there is no new threshold up to MPI and invoke some miracle
within the theory of quantum gravity to solve the naturalness of
the EW versus the Planck scale.



this was to show

» one of the many qualities of Guido

Absolute intellectual honesty



never surrender, explore all roads
Neutrinos as new hope

NEUTRINO MASSES: A THEORETICAL INTRODUCTION

1994

Guido Altarelli
CERN - Geneva

Content

1. Introduction.

2. Dirac and Majorana Mass Terms for Neutrinos
3. The See-Saw Mechanism.

4. Neutrino Masses and GUTS.

5. Phenomenological Hints on Neutrino Masses
6. Conclusion and Outlook.



a new adventure

STATUS OF NEUTRINO MASS AND MIXING

GUIDO ALTARELLI
Dipartimento di Matematica e Fisica, Universitd di Roma Tre 2 O 1 4
INFN, Sezione di Roma Tre,
Via della Vasca Navale 8§, I-00146 Rome, Italy

CERN, Degaramens f Physics, Thory Uni twenty years later

CH-1211 Geneva 23, Switzerland
guido.altarelli@cern.ch

In the last two decades experiments have established the existence of neutrino cscillations
and most of the related parameters have by now been measured with reasonable accuracy.
These results have accomplished a major progress for particle physics and cosmology. At
present neutrino physics is a most vital domain of particle physics and cosmology and
the existing open questions are of crucial importance. We review the present status of
the subject, the main lessons that we have learnt so far and discuss the great challenges
that remain in this field.

In conclusion, one could have imagined that neutrinos would bring a decisive

boost towards the formulation of a comprehensive understanding of fermion masses
and mixings. In reality it is frustrating that no real illumination was sparked on the
problem of flavor. We can reproduce in many different ways the observations, in a
wide range that goes from anarchy to discrete flavor symmetries but we have not vet
been able to single out a unique and convincing baseline for the understanding of
fermion masses and mixings. In spite of many interesting ideas and the formulation
of many elegant models the mysteries of the flavor structure of the three generations
of fermions have not been much unveiled.



a message still valid

Summary ° Higgs, minimal, elementary, standard

®* No new physics. Naive naturalness failed
We expected complexity, we found simplicity

® The SM could hold up to M;,
Minimal completions of SM
Majorana V's, see-saw, leptogenesis ....

® Today the most crucial problem is Dark Matter
WIMPS, Axions, keV V's....

* Different theoretical avenues

Insist on as minimal as possible Fine Tuning (FT)
Stealth SUSY, nearby compositeness.....
Accept some FT
e.g. Split-SUSY
Total acceptance of FT: the Anthropic metaphysics

® Denial of FT: the no-threshold philosophy
the VMSM, scale invariant theories
price: no GUTs, no heavy v; ...



Guido, we sorely miss your:

Integrity
Curlosity
frankness

1Irony

style

knowledge and your talks !



