
Touschek & Statistical Mechanics

G.C. Rossi

Università di Roma Tor Vergata & INFN, Roma - Italy
Centro Fermi, Roma - Italy

GCR (Roma - Tor Vergata) BT & Statistical Mechanics 1 / 17



Bruno Touschek, my mentor
Like many others here, I was a Touschek student
I graduated in 1966 under his supervision defending the thesis

“e+e−→µ+µ− + γ annihilation and the Bloch–Nordsieck method"
from which my first paper in collaboration with Mario originated

1L NUOu CIMENTO Vow,. L A, N. 1 lo Luglio 1967 

A Note on the Infra-Red Divergence. 

M. GaECO and G. Ross~ 

Laboratori Naz iona l i  del C N E N  - Frascat i  

(riccvuto il 24 Gennaio 1967) 

S u m m a r y .  - -  In this paper we show how the infra-red divergence can be 
eliminated in the matrix element, provided that physically ~rue final 
states for an experiment involving creation and destruction of charged 
particles are used. 

1 .  - I n t r o d u o t i o n .  

I t  is well known tha t  no physical  process involving the creat ion and  
dest ruct ion of charged part icles can take  place wi thout  the emission of soft 
photons.  This fact  together  wi th  the observa t ion  t ha t  the n u m b e r  of soft  
photons  emi t t ed  in a react ion  can never  re~flly be measured,  leads one to in t ro-  
duce a new definition of the fimfi states.  This definit ion is closer to phys ica l  
rea l i ty  t han  the use of s ta tes  which are diagonal  in the n m n b e r  of photons .  

We shall show tha t  wi th  this redefinit ion of the final s ta te  it  is possible to 
de te rmine  a ma t r i x  e lement  M for the process, which is 

1) finite and does not  therefore present  an infra-red divergence,  

2) direct ly comparable  to the exper imenta l  cross-section which resul ts  
to be propor t ional  to IMI ~, 

3) and separable:  M = A M ' ,  where A depends on the cut-off for soft  
photons  and  M'  is finite. 

The present  me thod  therefore leads to :~ compensat ion of the  infra-red 
divergence for the ma t r ix  e lement  itself and  does not  r equ i r e - - a s  in the  usual  
m e t h o d - - t h e  compensat ion  of the t e rms  corresponding to real  and  v i r tua l  
photons  in the expression for the cross-section. This simplification is due to 
the fact  t ha t  the Bloeh-Nordsieek theorem ,~llows one to predic t  the phases  of 
the emi t t ed  photons.  

based on the abelian coherent states formalism of GPPS
extended to the non-abelian case of QCD parton processes

From 1967 I was “assistente volontario di Meccanica Statistica”
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Touschek’ teaching and lecturing activity

A wide, dedicated and highly valued teaching activity

17

FIG. 8. Touschek in 1964 in the Frascati Laboratory. At right is I.F. Quercia, Laboratories director at the
time.

VI.1. 1964-74 Radiative Corrections to colliding beam experiments

When ADONE was well under way, in 1966, Touschek started a program for what he called
the “administration of radiative corrections”. A young Nigerian student at University of Rome,
E. G. Etim, had asked for a thesis subject, and this work started. After a short internal note,
it became clear that the work needed further expansion, and Touschek asked one of the authors
of this article, Giulia Pancheri, a newly appointed post-doc in Frascati, in May 1966, to join in
the e↵ort. The subject was not very fashionable, it verged mostly on electrodynamics, while new
discoveries were at the doors. Many more interesting fields were coming up at the time, among
those of phenomenological interest there were Current Algebra, Group Theory, Regge Poles. A
strong group of young post-docs in theoretical physics, among them Mario Greco, Giancarlo Rossi,
Paolo Di Vecchia, Francesco Drago, was at the laboratory at the time.

One of the authors of this article, G. P., remembers those days as follows: “Like the other young
colleagues, I had indeed started doing some work with current algebra. Thus, at first, Touschek’s
suggestion to work on radiative corrections to ADONE’s experiments was not very attractive. But
one morning, in June 1966, Touschek wanted to talk to me. He had a corner o�ce, near the
elevator, on the first floor of a building looking down into the small plaza facing the synchrotron.
He explained that he wanted us to do the amministrazione delle correzioni radiative, which he
meant in the English sense, as you administer a medicine, something which you may not like,
but you must do, anyway. He spoke a beautiful Italian, always perfectly correct in syntax and
grammar, but still, and to the very end, with a strong Austrian accent, especially for the sound of

Touschek at the blackboard
with cigarette and chalk

1 A course on “Meccanica Statistica” (IV year)
2 “Metodi Matematici della Fisica” (III year)
3 Lectures on “Renormalization” (Scuola di Perfezionamento)
4 “Sull’insegnamento della teoria dei quanti” (Lincei)
5 Notes on the Laser effect (original notes are in my possession)
6 . . .

I’ll focus on (1) on the development of which I was directly involved
as a student (a.a. 1964-65)
as a co-author of the book (1967-1970)
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The book

BORINGHIERI, Torino,1970
Programma di Matematica, Fisica, Elettronica
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The BORINGHIERI-BOLLATI program
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The birth of the book - I

A long and twisted story
The material grew slowly from the lectures Touschek delivered to
IV year students in Physics at “La Sapienza” from 1959 to 1968
A first set of notes were collected by M. Gambarelli that
appeared as “dispense” in 1965
I followed as a student Touschek course in 1964-65 writing
afresh a second set of notes
With the idea of publishing a book, Touschek decided to produce
a first manuscript in English
He did so systematically, lecture by lecture in the a.a. 1967-68
I took notes of these lectures in Italian, later published by “La
Goliardica” in 1969
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The birth of the book - II

At this point we had two versions
a collection of lecture notes in English produced by Touschek
a manuscript in Italian assembled by me out of Touschek lectures

The plan was to reorganize the whole material in a book
first in Italian for Boringhieri
then possibly translate it into English for Wiley, AP, . . . (?)

It took two more years of work to finalize the book as it is now
thanks to long sessions in Touschek’ apartment
where the Italian version elaborated by me was scrutinized and
revised mainly for what was the presentation and development of
the arguments supporting/proving theorems and physical results
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The birth of the book - III

Long sessions in Touschek’ apartment either from 10 in the
morning till noon or later in the afternoon after 3 p.m.
Irrespective of the time of my arrival, I was always finding on the
desk “un fiasco di Chianti” and 2 (!) glasses
Chianti, Touschek used to say, was the “ideal magic potion to
make the brain work smoothly and brilliantly”
Naturally after a while my brain wasn’t so much focused and
brilliant!
I soon learned that I should never empty my glass
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The environment

Discussions were not only about Physics. Touschek was keen to
speak about politics, science in general, sociology & everyday life
His point of view was always unexpectedly original
Humor and some disenchanted cynicism were the colours of
Touschek arguments
All the time I spent working on this project was for me not simply
a guide for my carrier as a Physicist, but also a school of
formation as a person
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The content of the book

PARTE PRIMA: STATICA STATISTICA
1 Meccanica statistica e termodinamica dell’oscillatore armonico
2 Teoria dell’ensemble di Gibbs
3 Termodinamica covariante
4 Termodinamica di un gas ideale di particelle identiche
5 Gas degenere e imperfetto
6 Sistemi in cui il numero di particelle non é costante

PARTE SECONDA: DINAMICA STATISTICA
1 Proprietá degli stati di non-equilibrio
2 I fondamenti microscopici della master equation
3 Applicazioni della master equation
4 Teoria del trasporto

APPENDICI
1 A. Teoria quantistica del conteggio
2 B. Teorema adiabatico
3 C. Un esperimento statistico
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A few highlights

Il metodo del punto di sella
22

FIG. 10. Two drawings by Bruno Touschek: tennis players at left, and, at right, an interpretation of
the saddle point method, in the book Meccanica statistica by B. Touschek and G.C. Rossi, 1970 Ed.
Boringhieri, Italy.

Most of the anecdotes refer to his use of the Italian language in a very humorous way, and they
are lost in translation, but one in English, reflecting how he liked to distort words, refers to a trip
he took to England. He was carrying some cigars, in fact 90 of them. He put 71 at the bottom
of his suitcase, under books and clothes, and 19 in plain view. At the frontier, the custom o�cer
asked:
”What are you carrying? ”
Touschek answered: ”Ninety cigars”.
”You mean nineteen?”, said the custom o�cer.
”No” insisted Bruno,” ninety”.
”It is nineteen, go, just go” said the custom o�cer, clearly annoyed and also piteous of Touschek’s
poor English, and so Bruno passed customs with ninety cigars, in his suitcase.

Another time, in Paris for a seminar (perhaps when he had been invited in Spring 1962 to
finalize AdA’s transport from Frascati to Orsay), he lost his shoes. The anecdote is told by the
theoretical physicist Maurice Lévy, who was his host in Paris.24 When Lévy arrived at the hotel
to take Bruno to the University, he found him in great agitation. Bruno’s shoes, which he had
put outside his room the night before to be cleaned (as was the custom in Italy), had disappeared
and he had no other pair. Inquiries with the hotel sta↵, with Bruno more and more upset, led
nowhere. Finally, Lévy and Bruno, barefoot, walked to a shoe shop somewhere in the Champs
Elisées, a new pair was purchased and the visit could continue.

Before leaving our description of Touschek and his life, we shall show two more of Touschek’s
drawings in Fig. 10. The one at left is from his early period in Rome, and recalls how he used
to enjoy playing tennis with his Roman colleagues, Edoardo Amaldi and Francesco Calogero. The
drawing at right, is from his more mature period and illustrates the saddle-point method. He is
remembered as drawing a saddle one day, and then add: “This is the saddle, and now I shall draw
the horse as well.”

24 Private communication to G.P. in May 2013.

Forse il libro andrebbe citato anche alla fine fra le referenze

Termodinamica covariante
A covariant formulation of thermodynamics
How does temperature transform relativistically?

La clessidra
N →∞ number of sand grains
The periodic statistical clock

Un esperimento statistico
Reversibility vs. irreversibility
Fluctuations
The second principle of Thermodynamics

GCR (Roma - Tor Vergata) BT & Statistical Mechanics 11 / 17



Covariant Thermodynamics, T Lorentz transformations

How does temperature transform under a Lorentz transformation?
We seem to have a problem (c = 1)

If T is defined from the gas state equation RT = pV
T transforms like a length, as p is an invariant
T (v) = T (0)[1− v2]1/2

If T is defined from the second law dS = δQ/T
T transforms like an energy, as dS is an invariant
T (v) = T (0)[1− v2]−1/2

The solution
A relativistically covariant Thermodynamics can be constructed

Compute occupation numbers in the Gibbs ensemble∑
n an = N ,

∑
n anpµn = Pµ =⇒ ln an + λ+ βµpµn = 0

(λ, βµ) Lagrange multipliers for (number, 4-momentum) conservation
an = N

Z e−βµpµn with Z =
∑

n e−βµpµn & Pµ = −N ∂ ln Z
∂βµ

T transformation properties depend on its definition for |v | 6= 0
Indeed one finds βµ = uµ/kBT (0) with uµ = [1− v2]−1/2(1, ~v)
Transformation properties depend on how one measures T
i.e. which component of βµ is employed to define T
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Master equation: hourglass & periodic statistical clock
The hourglass
- ps(t) = probability of having s grains in the lower part at time t
- λ = transition frequency (of a grain falling per time unit)

ṗ0(t) = −λp0(t) p0(0) = 1
ṗs+1(t) = λ[ps(t)− ps+1(t)] , ps+1(0) = 0 , s = 0,1, . . .

ps(t) =
(λt)s

s!
e−λt , s = 0,1, . . .

〈s〉 = λt ,
σ

〈s〉
=

1√
〈s〉

07/11/21, 15:04photo-1518281361980-b26bfd556770 800×1.148 pixels

Page 1 of 1https://images.unsplash.com/photo-1518281361980-b26bfd556770?…B8fDB8fA%3D%3D&ixlib=rb-1.2.1&auto=format&fit=crop&w=800&q=60

The periodic statistical clock
- s = 0,1, , . . . ,N − 1, mod(N), labels the states of the clock
- ps(t) = probability to be in the state s at time t

ṗs+1(t) = λ[ps(t)− ps+1(t)] , ps(t) = ps+N(t) , s = 0,1, . . . ,N − 1

- It can be solved by normal modes decomposition
- System visits periodically every T =N/λ the initial state ps(0)=δs,0
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Micro-reversibility vs. macro-irreversibility - I

A statistical exercise
Extract numbers, xn, uniformly ∈ [−1/2,1/2]
Construct the random variable Sk = 1

100
∑k+100

n=k xn

〈S〉 = 0, 〈(S)2〉 = 1/12
A typical “k ∼ time” behaviour of Sk

k

Sk
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Micro-reversibility vs. macro-irreversibility - II

Micro-reversibility
micro-reversibility

equal positive and negative slopes around local maxima and minima
looking at the k -history, one cannot tell which way time is running

Macro-irreversibility
Macro-physics looks irreversible because

one is (almost) always starting from a large fluctuation
the system moves away from this very low probability state
thus it is as if one is always at the maximum of a fluctuation

The probability of a fluctuation
one can compute P[S > S]
surprisingly we found that it does not fit with actual data
CRAY random numbers were not sufficiently random!

Annoyed by this situation, Touschek proposed an algorithm to
“randomize random” numbers
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Conclusions & Outlook

A great scientist, a brilliant teacher and amazing person
Touschek was for me of great inspiration
Interacting with him was really a fantastic human and scientific
adventure
A regret for Touschek (and for me) was (and still is) that he didn’t
arrive to publish an English version of the book.
Is it too late today?
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Thanks for your attention
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