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XXI	century:	the	new	Institute	- Augusto	Righi

• Was	one	of	the	best	experimental	physicists	of	the	time

• He	was	the	first	to	speak	about	the	“photoelectric”	effect
• He	established	the	new	Institute	of	Physics	(1901-1907)

• He	guided	Guglielmo Marconi	to	the	birth	of	wireless	
telecommunications	(Marconi	was	a	free	visitor	at	the	University)
• GuglielmoMarconi	and	Ferdinand	Braun	were	awarded	with	the	Nobel	Prize	in	1909
• Marconi	was	President	of	the	CNR	from	1927	to	1937



1921	– Albert	Einstein	Conferences
• About	one	year	after	Righi’s death,	Einstein	came	to	Bologna	for	three	
conferences	on	Relativity	(22,24	and	26	October	1921)	

• He	became	a	real	“star”	among	the	students



The	“via	Panisperna boys”
• M.	Corbino – Director since	1918 of	the		Institute	of	Physics	of	“Via	
Panisperna”	in	Rome	- aimed	to	set	up	an	institute	of	International	
level.	He	was	a	real	“talent	scout”.

In	a	short	time	he	was able to	create	from	nothing a	top	level group of	
physicist around Enrico	Fermi	(chair of	theoretical physics since 1926)

• Oscar	d’Agostino
• Emilio	Segrè
• Edoardo	Amaldi
• Franco	Rasetti
• Enrico	Fermi
• Bruno	Pontecorvo	(taking the	picture)

Ettore	Majorana



Fermi	entered in	the	history of	physics
with	his discoveries of

Ø the	properties of	the	interaction of	the	
slow	neutrons with	the	atomic nuclei	

Ø his theory of	the	weak interactions



The	”Arcetri Group”	– the	cosmic	rays	group

• Another	group	of	physicists	led	by	Bruno	Rossi	was	active	in	Florence
• Bruno	Rossi	got	his	degree	in	Physics	at	the	University	of	Bologna

• Since	1929	it	was	defined	a	long	term	research	program	on	the	
“cosmic	radiation”,	discovered	in	1912	by	Victor	Hess

• Members	of	the	group	were:
• Gilberto	Bernardini ,	Giuseppe	Occhialini,	Giulio	Racah,	Daria	Bocciarelli,	
Guglielmo Righini,	Lorenzo	Emo	Capodilista



Fermi:	the	idea	of	a	dedicated	Italian	Institute

• In	the	second	half	of	the	30’s	Fermi	had	clear	the	point	that	it	was	
impossible	to	continue	the	competition	with	the	other	Countries	with	
only	University-scale	laboratories	and	a	modern	accelerator	facility	
was	needed	– the	synchrotron	was	replacing	the	electrostatic	
machines

• 1937:	he	proposed	at	the	CNR		a	National	Institute	of	Radioactivity,	
for	the	coordination	of	the	fundamental	research	as	well	as	of	the	
medical	and	biological	applications
• The	sudden	death	of	the	CNR	President,	GugliemoMarconi,	was	a	
complication	for	the	project



1938	– the	year	of	the	racial	laws

• Bruno	Rossi lost	the	chair	and	the	salary	(he	was	professor	in	Padua)
• Then	he	left	Italy,	went	to	the	Niels Bohr	Institute	in	Copenhagen,	then	in	the	
UK	and	in	June	1939	reached	the	USA

• Enrico	Fermi	got	the	Nobel	Prize,	and	from	Stockholm	went	directly	to	
Chicago
• Laura,	Fermi’s	wife,	was	a	Jewish

• Gilberto	Bernardini came	to	Bologna	as	professor	of	Exp.	Physics
• 1942-1947:	Director	of	the	Institute	of	Physics	



After	the	war:	the	CNR	University	Centers

• 1945-51:	CNR	set	up	four	Centers	for	nuclear	and	particle	physics

• Ruled by	specific	Agreements	between	CNR	and	the	single	Universities

• Rome Study	of	Nuclear	Physics	(1945)
• Padua Study	of	Fast	Ions	(1947)
• Milan Cosmic	Radiation	group		(1951)
• Turin Experimental	and	Theoretical	Physics		(1951)



The	“Testa Grigia”	laboratory	(1948)

• It played an	important aggregation role,	
essential to	the	birth of	the	INFN

• International	groups were present at the	
laboratory

3505	m	above sea level

E.Amaldi,	G.Bernardini,	E.Pancini



The	birth	of	INFN

• August,	8th 1951:	the	birth
• The	President	of	CNR	established	the	Italian	Institute	of	Nuclear	Physics:

• Its	mission	was	the	coordination	of	the	CNR	Univeristy Centers
• The	governance	was	guaranteed	by	the		Board	of	the	Directors

• July,	9th 1952:	the	”new”	INFN	
• Real	coordination	of	the	research	and	the	relationships	with	other	
Organizations
• Introduced	the	President	of	INFN	(Gilberto	Bernardini)
• The	four	Centers	became	the	first	four	Divisions	of	the	INFN
• The	Board	of	Directors	had	the	effective	power	of	coordination	of	the	
individual	divisions,	by	distributing	locally	the	fractions	of	the	overall	budget



September	1952:	the	sub-units	were	introduced
(“aggregate	groups”)

Except photographic plates

For	photographic plates
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Entering	in	the	history:	the	Unit	
of	Bologna



The	founder:	Giampietro Puppi (“Gianni”)

• 1951:	Professor	of	Theoretical	Physics	in	Bologna
• 1954:	new	director	of	the	Institute	of	Physics	
• 1962-63:	CERN	Director	of	Research
• 1964-65:	Chair	of	the	CERN	Experimental	Committee

In	a	work	of	1948	- Nuovo	Cimento	5,	587	(1948)	on	the	universalityof	the	
weak interactionshe	demonstrated the	“approximate equality”	of	the	
couplingconstants of

Nuclear 𝛃 decay
Muon𝛃 decay
Muon nuclear capture



Giampietro Puppi

• Bubble	chambers	(invented	in	1951)	were	the	dominant	experimental	
devices	to	study	particle	physics	at	that	time
• A	large	community	of	physicist	operating	at	bubble-chamber	facilities	
grew	in	Bologna,	under	Puppi’s leadership

Thanks	to	Puppi,	Bubble	
chamber	data	from	the	
Brookhaven	Cosmotron	
were	sent	to	Bologna	around	
1955



Towards	the	INFN	Unit

• Since	1955,	Puppi established	a	strong	relationship	with	the	
Municipality	of	Bologna
• It	granted	a	big	10	years	funding	for	the	development	of	the	research	and	the	
physics	in	the	University	- an	important	step	for	the	institution	of	the	INFN	
Unit	in	Bologna

• July	19th,	1956:	the	birth

Bernardini says	that	the	Board	of	Directors	of	INFN	
judges	to	be	the	right	time	to	transform	two	
aggregate	groups	into	INFN	Divisions	due	to	their	
impressive	degree	of	development.	These	are	the	
group	of	Bologna	and	Pisa.	

From	the	minutes	of	the	Board	of	Directors	meeting



Summary
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Decree
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President
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Giampetro Puppi
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CNR	research	
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CNR	
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INFN	organization	chart	on	December	31,	1957
TORINO	UNIT
Researchers:	33
Other personnel:	20
Foreign Resarchers:	1

MILAN	UNIT
Researchers:	35
Other personnel:	22
Foreign Resarchers:	1

PADUA	UNIT
Researchers:	38
Other personnel:	49
Foreign Resarchers:	3

BOLOGNA	UNIT
Researchers:	39
Other personnel:	49
Foreign Resarchers:	6

PISA	UNIT
Researchers:	40
Other personnel:	37

ROME	UNIT
Researchers:	39
Other personnel:	52

FRASCATI	NATIONAL	LAB
Staff	with	diploma:	22
Injector staff:	9
Other personnel:	44

GENOA	SUB-UNIT
Researchers:	30
Other personnel:	18

TRIESTE	SUB-UNIT
Researchers:	19
Other personnel:	17

FLORENCE	SUB-UNIT
Researchers:	9
Other personnel:	4

ISS	SUB-UNIT

SPECIALIZATION	SCHOOL	
NAPLES
Researchers:	6
Other personnel:	1



The	National	Hydrogen	Bubble	Chamber

• During	the	same	Board	of	Directors	of	July	1956,	M.	Conversi (Pisa),	G.	
Puppi (Bologna)	and	G.	Salvini (Frascati electro-synchrotron)	presented	
the	project	of	a	“National	Hydrogen	Bubble	Chamber”,	that	was	
approved	and	funded

• It	was	an	important	project,	the	first	example	of	collaboration	among	
different	units	for	a	National-scale	project
Ø Trieste,	Padua,	Bologna,	Pisa	and	Rome



Pietro	Bassi

1960-1966:	second	director	of	the	Unit	of	Bologna

1966-1970:	 INFN	Executive	Board

Pietro	Bassi was	called	in	Bologna	from	Messina	to	lead	the	project,	as	
he	was	an	expert	since	when	he	was	in	Padua



The	bubble chamber in	an	experimental
hall	at the	CERN	SC	at 600	MeV

The	device	was	built	in	Bologna	
between	1956	and	1958,	and	then	
moved	to	CERN

This	project	set	the	beginning	of	a	
tradition	of	design	and	construction	of	
the	experimental	groups	in	Bologna

The	Mechanical	Workshop	has	its	roots	
in	this	project





Puppi acted	in	several	directions

• Under	Puppi’s initiative,	physics	in	Bologna	expanded	in	several	fields

Ø Particle	and	Nuclear	physics	
Ø Electronic	Microscopy	(Ugo	Valdrè)
Ø Radioastronomy (Radiotelescope “Croce	del	Nord”,	Marcello	Ceccarelli,	
Gianfranco	Sinigaglia,	Alessandro	Braccesi,	Giancarlo	Setti)

Ø Computing	(CINECA)	and	then	the	INFN	center	CNAF
Ø Theoretical	Physics	(by	calling	Bruno	Ferretti)
Ø Nuclear	Engineering	Laboratories	at	Monte	Cuccolino (on	the	Bologna	hills),	
together	with	Bruno	Ferretti



Bruno	Ferretti

He	played	an	important	role	in	the	formation	of	young	theoreticians

• He	got	his	degree	in	Bologna	and	in	1937	moved	to	Rome	and	joined	a	group	
led	by	Fermi	for	the	study	of	cosmic	rays	(Gilberto	Bernardini,	Oreste Piccioni
and	Gian Carlo	Wick)
• In	1938	he	took	the	leadership	of	the	group	after	Fermi	departure	for	the	USA

• In	1956	he	became	professor	of	Theoretical	Physics	in	Bologna
• 1957-1959:	Head	of	the	CERN	TH	Division



Antonino Zichichi

ØThird	director	of	the	Bologna	INFN	Unit	(1967-1971)

• Professor	of	Physics	in	Bologna	from	1965	(Emeritus	since	2006)
• He	built	and	is	currently	leading	one	of	the	bigger	and	older	groups	of	Bologna

• 1977-1983:	President	of	INFN
Ø Transfer	to	the	Italian	industry	of	the	superconducting	magnets	technology
Ø Established	the	best		worldwide	astro-particle	laboratory,	the	Gran	Sasso Laboratory



Giorgio	Giacomelli

Ø Director	of	the	Institute	of	Physics	(1975-1982)	
Ø Director	of	the	Department	of	Physics	(1985-1988)

• Professor	of	General	Physics		in	Bologna	since	1974	
• He	trained	many	students	and	researchers	and	was	leader	of	another	
large	group	in	Bologna



Luigi	Monari (“Gigi”)

Ø Sixth	director	of	the	INFN	Unit	of	Bologna	(1976-1982)
Ø Director of	the	Department	of	Physics	from	1982	until	his	sudden	
death	in	1985

• 1978-1982:	CERN	Finance	Committee
• In	middle	‘70s	he	gave	origin	to	another	group



Attilio Forino

Ø 7th	director	of	the	INFN	Unit	of	Bologna	(1982-1988)
Ø Director	of	the	Department	of	Physics	from	(1994-2000)

• Head	of	a	group	working	at	fixed	target	experiments	at	CERN



Ettore	Verondini - director	of	the	Department	(1988-1994)
Antonio	Vitale		- director	of	the	INFN	Division	 (1988-1994)

• Around	1995	a	sizeable	fraction	of	the	nuclear	group	stared	moving	to	
particle	physics
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Main	experimetal activities:	a	
quick	glance



Main	scientific	enterprises	(incomplete	list)
• Not	touched:	the	early	Bubble	Chamber	era,	Nuclear	Physics	at	low-intermediate	energy,	
Technological	and	Applied	research	and	Theoretical	Physics

• Hadron	physics	at	fixed	target	(CERN:	PS,	SPS	and	FNAL)
• Energy	frontier	and	precision	physics at	pp and	p𝑝̅ and	p-Ion colliders	
(CERN:	ISR,	LHC,	FNAL:	TeVatron)
• Deep	Inelastic	Scattering	(CERN:	𝜇 and	𝜐 beams,	DESY:	HERA		𝑒±p	collider)
• Physics	at	e+e- colliders	(Frascati:	ADONE,	CERN:	LEP,	SLAC:	SLC)
• Antimatter	(pioneering	production	experiments	at	CERN,	search	in	space	
on	satellite	with	AMS)
• Astroparticle,	Neutrino	and	Dark	Matter	underground	(LNGS)	and	under	
sea	water



A	2d	summary



ACCELERATORS	AT	CERN



1971	- 1983
p+p 31+31	GeVmax.



Nuovo Cim.	Lett.	41,	293	(1984)

F.	Noferini talk

ISR

Phys.	Rev.	D	30,	528	(1984)

Hadron	colliders



Completed	in	1983

Main	injector	1994-1999

Terminated	on	30/9/2011	after	
28	years

6.3	km
CDF,	1994



The	Large	Hadron	Collider	(LHC)

Started	2009
CM	Energy		13	TeV from	May,	2015



LHCb
ALICE

ATLAS

CMS

Higgs	boson



Phys.Rev.Lett.	114	(2015)	191803

Run 1	data



DIS	lepton-nucleon

1985
BEBC	



𝜇𝑁 → 𝜇𝑋 BCDMS,	CERN-NA4
1989



HERA	ep	collider	DESY

1992	- 2007

e±p
27.5	+	820/920	GeV



Physics	at	e+e- colliders:	ADONE	(early	days)

At	the	end	of	1969	the	first	world	”big”	e+e- collider	Adone was ready	to	do	
physics in	Frascati	(1.5	+	1.5	GeV)

• Four	groups	were	selected	for	physics
Ø Frascati-Rome:	𝛾𝛾 experiment	– neutral	

final	states
Ø Frascati-Napels-Pavia-Rome:	 charged	

and	pp	final	states	
Ø Frascati-Padua-Rome:	 “𝝁𝛾”	experiment,	
𝝁,	𝜋 and	K	pairs

Ø Bologna-Cern-Frascati (BCF):	𝜋 and	K	
form	factors,	search	for	a	heavy-lepton	
(A.Z.)F.	Palmonari talk



Physics	at	e+e- colliders:	LEP	(~	1989	– 2000)

Ø cms Energy	91	GeV (1989)	– 209	GeV (2000)

ØHuge amount of	physics at the	
electroweak scale

Ø 3	groups in	Bologna

Ø DELPHI		(construction and	analysis)	- LM
Ø OPAL					(construction and	analysis)	- GG
Ø L3										(analysis)	- AZ

Construction	between 1983	and	1988
Operation between 1989	and	2000



OPAL

Bologna	group (GG):	Hadron Calorimeter
(LST-iron),	Luminositymonitor,	Endcap
ScintillatingTiles	(phase 2)

Bologna	group (LM,	FLN):	High	Projection
Chamber,	taggers,	trigger



Phys.Lett. B565 (2003) 61-75

Search for	SM	Higgs Boson at LEP
ALEPH,	DELPHI,	L3,	OPAL

Phys.Lett.	B565	(2003)	61-75

Phys.Rept.	427	(2006)	257-454



1965,	p	Be	collisions	at	the	CERN	PS
1978,	p	Be	- p	Al	collisions	,	CERN	SPS	beam

ANTIMATTER



TRD	(e)

Si	Trk (m,q,E)

ECAL	(e,𝛾)

TOF	(m,q,E)

Magnet	(m,±q,E)	

RICH	(m,q,E)

A.	Contin Talk

Search	in	space	with	AMS



Gran	Sasso National	Laboratories





E.	Scapparone talkE.	Scapparone talk

CUORE

OPERA

LVD,	1990	à

MACRO	1995-2000 2003-2008

XENON	1T,	running



Undersea	– Antares	and	km3



The	End


