
Humility of A.Martin in 67 summary:  
“je ne vous cacherai pas combien il est embarrassant 
de tirer les conclusions d’une pareille rencontre” 

 Bernard Jean Pierre 

top discovery 

N.Ramsey 

F.Englert 

Carlo 

J.Friedman 

G.Charpak G.Bellettini 

       “rencontres” 
     gathering of minds 

1966: 20 participants 
 

    theorists and  
  experimentalists 

 

   young and less  
     young actors 

        success and evolution 
   1970: add a biology meeting 
   1981: Moriond Astrophysics 
   developments: rencontres of 
   Vallée d’Aoste, Blois, Vietnam       
    but unique spirit lives on 

Jean Tran Thanh Van 
Orsay 

Kim 

JM Frère 

same from Ludwik Celnikier at 40 years 

50 years of Moriond 
Daniel Treille 

Tran was helped in this groundbreaking initiative by five 
colleagues: Bernard Grossetête, Fernand Renard,  Michel 

Gourdin, Jean Perez Y Jorba and Pierre Lehmann.  

 J.Cronin at 20 years of Moriond 
“… profound effect on the way we 
communicate in particle physics” 
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“archeology”  
of 

   the Universe 

     

age 

accelerating 
   universe 

since 1966 
much change 
in the scenery! 

Cosmotron 
  Bevatron 

  

Sakharov 



A.Aspect 

   A.Peterman  G.Zweig 

CP 

CMB 

BEH boson 

quarks 

Bell inequalities 

Ω 

John Bell 

a good time to start… mirabilis 1964 



Then ACO, VEPP2, ADONE, DCI, CEA, SPEAR, DORIS, DAΦNE, etc,      e.g.  
machine problems: vacuum, instabilities, nonlinearities and ways to cure them    e.g.  

cooling 

ultra vacuum 

ICE 

Collider pioneers: Wideroe 43  Kerst et al, 56  Petoukhov 57  G.K.O’Neill 56 

no klystron  
 no HEP… 

B.Touschek 
Touschek effect 

J.Haissinski 
  Moriond 66 

ADA 64 
 Frascati 

LAL Orsay 

  
 

S.Van der Meer, W.Schnell, etc 

   Varian brothers 
W.Panofsky 
  Stanford 

project O’Neill 

Kerst 

SC low β quadrupoles 

  antiprotons 
CERN, Fermilab 

    LEAR, AD 

e+e−  

 klystron 

colliders 

P.Marin 

ISR 

‘71-’83:   
31.4 GeV 

 V.Silvestrini 69 
J.Perez y Jorba 76   F.Renard 



Detectors 

rise of Si detectors 
from cm2 to hundred m2 

   fast evolution of  
   microelectronics  

reign of bubble  
    chambers 
“années d’apprentissage”  
success of big chambers 

the 68 revolution  
G.Charpak  Nobel 1992 
 MWPC, drift chamber,  
   multistep (F.Sauli),  
       TPC (Nygren) 

triggered detectors 
 49-59: spark chambers  
 development  
 various read out methods,  
 from film to filmless 

the ancestors are not far away 
Wilson chamber 1912  Geiger-Muller 1928  scintillators 1947-50  BC 1953 

O(1mm) 

1m2 

è crucial role of R&D 
  radiation hardness, etc  

 important spin off 
https://indico.cern.ch/event/331449/ 
 
 

 
T.Ypsilantis: RICH, p  

calorimetry  

Si detectors 

è identification  
    of particles 



                 then reduction à la Mendeleev 

D.Gross  Nobel lecture 

D.Leith 73  C.Quigg 
   2008 

However ..... 

Strange particles come in ‘47 – ’61:  pre-BC techniques, cosmic rays, in BC mostly found in US 

The Quark Story 



from the experimental side:  
avalanche of resonances  
end 70ies: ≈ 100 strongly  
interacting particles 
 
   
 
 

and Deep Inelastic Scattering    
è partons   Bjorken scaling 
 

quarks winning as fundamental objects 
 

search for free quarks  C.Llewellyn Smith 81 
 

constituent and current quarks   current algebra 
 
large angle hadron scattering 
 

1973 ISR:  partons are also pointlike  
                  for strong interaction 
 
A.Yokosawa  G.Farrar 75    
R.Blankenbecler 76  
 Constituent Interchange Model  
no need to solve confinement 
 
Cronin effect 78 
 
 

                
                             

systematic exploration of  
the nucleon with all probes 
 

L.Montanet 

Friedman, Kendall, Taylor 

J.Cronin 

1968 

scattering on  
pointlike 

charged spin ½  
“partons” 

  which will become 
the quarks 

 

 

rescattering? 

C.Llewellyn Smith 81 

A.Yokosawa, G.Farrar  75 
R.Blankenbecler 76 

cosθCM 

π+pπ+p 

Lundby 75  



   

     
  

   

  

0.8 fermi   

EMC, NA4 
E203 E665 

1957 in Stanford e− scattering 
finite size of the proton  
Hofstadter NP 1961 

1968 in Stanford the proton contains 
point-like objects   NP 1990  

 

   muon scattering 

the proton 
our daily life 

neutrino scattering   CDHS 76-84 

CHARM. NOMAD, CHORUS, US expts van der Meer horn 

HERA (e-p) 
 took over 

hadron scattering 

Select photon or lepton in 
final state 
WA11, NA3, WA70, etc 

  BEBC 

  and GARGAMELLE 
      decided in 65  

  
scaling violation, a lot of work  
to decrease systematic errors 

EMC effect 83 fractional charge 

spin crisis 1987 

K-factor 

experiment/ 
 theory LO 

J.Peoples 80  
“QCD not yet proven” 

E.Augé 



J.Ellis 76   no evidence yet  
of Asymptotic Freedom 
tells how to “sniff out glue” 
 

L.Hand 79    QCD or not?  
Need gluon 
 

DESY   quark jet 78   
             gluon jet 79 
  
 
 

72-77 DGLAP  
 evolution equations 
see G.Altarelli 1106.3189 

                        Color  Greenberg 64  symmetric quark model  explains π0, R ratio 
 

                            65 Han-Nambu   three sets of quark triplets  Integer electric charge 
 

                             Gell-Mann-Zweig versus Han-Nambu quarks  C.Llewellyn Smith 74  
 
 
 
71-72 Fritsch-Gell-Mann   
name “gluons”, “QCD” 

 
     1973  
Asymptotic  
   Freedom 

   higher orders  
        needed 
 

   K.Ellis 2006,   etc  
monumental work ! 

The road 
 to QCD 
see Guido 

DIS 

LEP 

vital for LHC 

 HERA: accurate  
 knowledge of the 
structure functions 

F.Wilczek H.D.Politzer D.Gross 

C.Llewellyn Smith 74  

J.Ellis 76 

L.Hand 79 

K.Ellis 2006 



 
 

“pandemonium” 

     

     
  

Fairbanks 81 

17 keV neutrino 
tritium beta decay 

D.Morrison chronicle 

Simpson 86 

superluminal 
neutrinos 

need ≥ 2 expts  

split A2 
1967 

² 3.5 keV line? 
² DB Heidelberg? 
² DAMA oscillation?  

under 
scrutiny 

Hera excess 

baryonium 1977 

p p
__

π −p→ pπ − p
__

p

“Evidence For Achions Or Axions ” in 2 photons  
Helmut Faissner, Les Arcs 1981  

Strovink 98 

J.F:Grivaz 97 



1963 
Cabibbo 
angle  

accounting  for  
strangeness  
production 

 KL µ+µ− unobserved then 

stimulating, but some frustration at CERN… 
then lot of  heavy flavor spectroscopy  (SPS, LEP, LHC, Tevatron, etc) 

towards three generations 

a third generation? 

Kobayashi Maskawa 
1973 / NP 2008 

yes 

Lederman discovering 
           beauty  1977 

tau lepton  
M.Perl  1975 NP 1995 

     the CKM matrix 
      relationship between quarks 

 phase 

strangeness 1953-56 GIM 
1970 

 Bjorken  J/Psi: Richter-Ting  NP 1976 

SLAC 
1974 

 charmonium   charm 1976 
2nd generation is there 

charm? 

Cabibbo 

may be 
one key of 

our 
existence 

Cabibbo 

muon 1937   its neutrino 1962 

quark top: see later 

LEP: 3 ν-species 

3rd generation 
is there 

O(1mm) 

c and  b  tagging 

     Bjorken, Glashow 64 

    example of  
hadroproduction 

93 keV 

20 CERN SPS expts on heavy flavor physics    60 expts in Omega spectrometer 

Glashow Illopoulos Maiani 



M.Perl and L.Lederman 78  

v  Charm   
       anticipated      missed  
 

²  Charm spectroscopy      
       launched Si det industry 

²  Charmonium  
      anticipated? CERN trauma  
      charm search at Ω PS 
      spectroscopy,  potential 
 
 
 
 
 

M.K.Gaillard  
  et al 1974 
 

Spires 

LEP 

Jan 75 

BR 

lifetime 

hadronic  
     tau 

Lederman et al 

Höcker 
 Davier  
   et al 

B lifetime 

Harari 76 

Paschos 89 

year 

# 
of

 p
ub

lic
at

io
ns

 

v  e+e−   puzzle of R ratio  

However, ... 

Paschos 89 

v  3rd generation or more?  
Upsilon, first at 6 GeV (‘Oops-Leon’),  
then at 9.5 GeV (1977) 

Tau in 1975      

1978: ϒ in PLUTO and DASP at DORIS 
1979 CLEO and CUSB at CESR 
Tau controversy    
solved, then tau used as a laboratory 

Was the b-quark seen at ISR? 
mixing: UA1 1986, ARGUS at DORIS2 1987 
emphasis on B physics, lattice  
Then PETRA  LEP  B factories   LHC 

world 
enterprise 
BES, LEP, 

CESR 

H.Videau 

pre B factories 



Top story 
 
 
 
 
 
 
 
 
 
 
 

Top story 

Glashow et al 

C.Quigg but what does this 
value actually mean? 

Tristan  
TDR 78 

Does Bare Bottom Rule Out the Topless E6 Model (1983)? 

Search for the top quark with UA1   
Heavy top production as a source of WW events 86 – 87 
84 “Agreement with the process W tb followed by t  blν, 30 GeV/c2 < mtop < 50 GeV/c2” 
89 UA + CDF  > 61-77 GeV/c2 

M.Della Negra, les Arcs 89 
D.Denegri 89 

83: Wyler et al (τB), Glashow et al (τB);  Ibanez Ross 92 

Peoples 80   toponium > 38 GeV 
Paschos 89   top very likely > 60 GeV 
Quigg 91  Mt > 89 GeV   Barbieri 93   Mt > 108 GeV 
C.Jarlskog 90 (Langacker)   Mt =143+37

−44 
Dydak 91  LEP1 indirect mt = 131+27

−32 + Higgs 
Quigg 94 

Toponium – Z  
interference 

direct 1996 
mt = 172 ± 6 GeV 

Now (world average) 
mt = 173.34 ± 0.27 ± 0.71 GeV 

indirect 
mt = 175.8+2.7

-2.4 GeV 

BGO? 



                                                                                 
 

Dydak 91  17 keV neutrino?   
20 years of solar ν puzzle   
 

discovery of oscillations 
but not in the domain of accelerators, 
until long baselines as Minos, T2K 
 

measure PMNS matrix     
SNO 2000-04, Kamland, Daya Bay 2012, ... 
 

hierarchy? CP violation? 
 

neutrinoless double beta decay? 
 

sterile ν? LSND  Kayser 2003   eV, keV, GeV?  

Bhabha cross section, luminometers 

 Nν<4  astro        <5.5  W and Z 

  an example of  a great collaboration 
between theorists and experimentalists 

  

  

Neutrino saga  
 

theoretical error 

D.Haidt D.Haidt 

NV 

the 2 neutrinos 

a summary in 1409.5439 

J. Dumarchez 

PS191  NOMAD 

Steigman 86 Paschos 89 

"Nν "≡ Γinv /Γν ≤ N fam

Number of Neutrinos 
LEP1 

single gamma: 3.00 ± 0.08 
lineshape: 2.9835 ± 0.0083 

radiative 
return 

promising 
for future 

 C.Jarlskog 90 

S.P.Rosen 86 G.Altarelli 2014  
F.Vannucci 87 
M.Deutsch 88, etc 

F.Vannucci  



Cronin, Fitch 
   NP 1980 

1964 

Proof direct CP violation: NA31, NA48, 1986-2001 
See L.Fayard talk «CERN 60 Years » 

R.Turlay 

Paschos 89  
CP 25th anniversary 
Direct CP violation 
ρCERN = 33 ± 11 10−4 

disagrees with SW 
E 731 not yet ready 

Schwitters  82 
expts assembled to 
measure R  at 1% 

Superweak theory?   
    Wolfenstein 64 

Dydak 91 
Penguins considered 
Paschos prediction 
 

Barbieri 93 
ρ731= (7.4 ± 5.2 ± 2.9) 10−4 

ρCERN = (23 ± 7) 10−4 

Silvestrini  
Steinberger  69 
compare η00 and η+− 

KM 73 

J.Ellis 99 
ρKTeV= (28.0 ± 4.1) 10−4 

focus then on K rare decays 

LEP, among others,  
was involved 

 then domain of  
B factories and LHCb emphasized by   Paschos 89 

J.Ellis 99 

ρ 

CP 

J.Ellis 99 CP Lear 

CPT 

CP violation in B physics 

J.M.Frère 

Lydia 

direct measurement of non invariance by time reversal 
 
 
CPT conservation demonstrated 50 time more precisely than before 

at 5σ 

does the antiatom behaves as the atom? 

world average 
Re(ε’/ε)=(16.3±2.2)10-4 

NA48 

outstanding work ! 

0 



QM 

Feynman et al 1949 

QED 

Nobel 1965 

1954: Yang    Mills 
  non 
 abelian 

R.Brout  G.’t Hooft 

 happy end the 
BEH mechanism 
1964 Nobel 2013 

a “true”theory 
1971 Nobel 99 
 with Veltman 

  Glashow      Salam    Weinberg 

   
local gauge 
 invariance 

v  doubts? 
 J.Ellis 76  Quantum Asthenodynamics 
     “that many people now believe to exist though no-one 
       knows what it is”  
     Bjorken   Sakurai 80      Technicolor? 
v  conviction 
  Iliopoulos 73 (Higgs-Kibble) 
  Rosner 73   “waiting for W,Z, charm, heavy lepton” 
  C.L. Smith 81  “SM healthy, but need W, Z, prove 

confinement” 

Some delay in the heads…QED still under check   alternative   e.g. Georgi Glashow 1972 

Towards 
 the EW 
Standard 
  Model 

Clear mission: look for W, Z and the BEH boson  CERN did very well ! Weinberg 67 
mW = (78 ± 3) GeV 
mZ = (89 ± 3) GeV 

+ 3GeV of radiative 
corrections 

see A.de Rujula 



e- 

νµ	
 νµ	


Z0 

  A.Salam et P.Musset 

A.Lagarrigue 
project leader 

Neutral Currents 

 Gargamelle    freon CF3Br  12m3 

1973 

 subsequent neutrino experiments 
R (NC/CC) predicts MZ near 92 GeV 

A.Rousset 
  Ec.Pol. 

neutrinos 
     flat 
 
 
neutrons 
near edges 

 first major achievement of CERN maturity  

v  Gargamelle: decided 
end 1965 

v   CERN and CEA 
        Weisskopf, Gregory 

v   a real odyssey… 
much scepticism to fight 

v  “alternating currents” 
      HPWF 

       chronicles, e.g. Rousset 

leptonic 

                               Fry and Haidt hadronic 

Aachen 
   i.e. indirect 
evidence of Z0 

depth 

background 

 talks by P.Musset 71, 75   A.M. Lutz 73,  
 P.Fayet 74 (proposing APV), L.Kluberg 74 
 V.Brisson 76 NC in real time!  



The weak 
   angle 

NuTeV anomaly 

the proton decay fever… 

J.Ellis 

Marciano 

A strange story… 1981 

OK 

MZ 

0908.3198 



 
   

great success   
of the machine  
 

 but J/Psi (74), charm,  
 beauty (77), tau (75),  
 gluon found elsewhere 
 

 

.. it came next....  

focus on forward region    lack of theoretical guidance 

 

M. Jacob: 
“I come to bury Caesar not to 
praise him” 
Marc Antony, in Julius Caesar 
 
V.Weisskopf: 
“It does not matter where  
 discoveries are made.” 

ISR 

direct photons:  
1979 to the end.  
Discovered at ISR.  
Important test of QCD  rising total  

cross-section 

1973: discovery of the  
large pT phenomena 
partons point-like relative  
to the strong interaction  

Split field 

Weisskopf 

 M. Jacob:  “A brilliant start”: 71-74           “A somewhat difficult period”: 75-77 
                                 “A very active and interesting programme”: 78-83 

End of ISR in 83 some moral support was needed 

M. Jacob 
 gluon 
Compton 
dominant 

AFS, R110 
PT 

G.Bellettini 
   76    86 

π + X 



 C.Rubbia’s determination in somewhat adverse climate 1976 paper by C.Rubbia, P.McIntyre and D.Cline 
 1977 proposal to CERN and Fermilab, feasibility study   1978 success of ICE    1979 approval of the expts 

 The p-p collider  
UA2 

  

“L’espoir changea de camp, le combat changea d’âme” (D.Denegri and V.Hugo) 

UA1 tracker 

Rubbia Charpak 

Ting 

physics “au rendez vous”:  
hadronic jets, W, Z, etc 

aim: discover W, Z 
fast decisions, fast realisation 
great machine, great detectors 
hermeticity, redundancy,   
innovating techniques 

W event  

Z event  

Discovery  
   1983 

Jet production 

Rubbia   van der Meer 

B.Sadoulet 

S.Cittolin 
P.Darriulat 

Feldman 83 



 
 
 
 
 
 
 
 
 
 

 
 

    
 
 

SUSY  Schwitters 82 in Moriond quarks, leptons and  
SUSY “super meeting” with P.Fayet, G.Farrar, J.Ellis 
 

“Even experimentalists cannot fail to be infected”  
   by the enthusiasm of the super theorists” 

Barbieri 93 

After Russians Wess  Zumino 74 to 76  Fayet 74 to 80 Fayet-Ferrara 75  76 
Phenomenology  Farrar-Fayet 78    Witten 78 82    Haber-Kane 84 

Higgs phenomenology in MSSM    Mh = f (g, g’)  
after radiative corrections (91) and Mt  (172 ± 6 GeV in 96)     
Mh< 130 GeV   need LEP220 to explore fully (1994) 
 
 

LEP    chargino excluded below 103 GeV       LSP? 
LHC: nothing yet, but no exclusion if LSP> 500 GeV 
no sign from flavor physics, but g−2 of the muon ? 
“naturalness”?  compressed spectra? NMSSM? 
 
 

Can SUSY ever be declared dead? 
BEH boson about where expected. From its mass,  
can one get upper limits e.g. on stop mass?  
 

  LSP as Dark Matter? 

not MACHOS, etc,  
why not axion?  Fayet 81,   P.Sikivie in audience 

bolometers versus noble liquids 

Julius Wess Pierre Fayet 

B.Sadoulet 91 

B.Zumino 

Fayet  81 



 
 

 
great machine  4 good detectors  clean, subtle physics  SM validated at loop level 

  

i 

B.Richter 
    1976 

LEP 

17M Z 

SC RF cavities 
E.Picasso, H.Lengeler 
Ph.Bernard C.Benvenuti 

7.5 MV/m  May 99 

 

ADLO 

machine: luminosity at high E  
4 times better than foreseen 

  
 

prediction 

LEP Design Report 1984:  
26.6km, 125 GeV/beam 

LC: Tigner 65, Balakin, Skrinsky 71 (79) 
idea of having LHC in the same tunnel  Aleph quasi perfect planning 

E.Picasso PL 



for measurements LEP did much better than expected  

   

  

ALR from SLC   mw ± 16 MeV Tevatron  

     

a discrepancy which stayed 
still at work… 
T.Gehrmann 2014 

 should one worry about t-t? 

    the IVB 
 self-interact 

 evidence for loops 
 beyond α running  

SUSY 
  GU 
 saga 

B.Pietrzyk 

CP violation in B sector 

beta angle 

A.Stocchi 

1987 
      1991 1991 U.Amaldi  

   et al 



LEP   Aachen 1986  Higgs study group 

B tag considered in 1990  one can cross the Z,  
mass reach 2Eb − 100, became 2Eb − MZ 

K.Hubner 

no lack of “predictions” 

drawn from  
 0708.3344 

..and the BEH boson? 

LHC Lausanne 1984 C.L.Smith 

but mtop increased and in 1987 L=1034 was suggested 

G.Dissertori 
Royal Society 2014 

   285 produced.  
   384 could have  
    been installed,  
giving 2E = 220 GeV  

 



   
   

  

   

   

..and the BEH boson? 

LEP2 mass reach  
 

  mh ≈ 2E − Mz 

220 − MZ = 129 GeV 
MSSM (1994)  mh<130 GeV 
220 GeV CM asked for in  
1994 in the name of SUSY 

 

  

 

few candidates at 115 GeV, mostly in Aleph  
 

LEP stopped in great turmoil…   
 

LHC answered in 2012: nothing at 115 GeV,  something at 125 GeV 
 
 

1996: decision to stop the  
production of SC RF cavities..  

 SUSY or not, a pity…     LEP lower limit 

     upper limit 
indirect, from loops 

legacy from LEP and Tevatron to LHC… 

  

in 2000: 2E = 206 GeV   no way to increase E  
with the available SC RF   
 

before LEP, basically no limit   Paschos 89  2<MH<3.6 excluded 

recognized in 1993  
     as attainable 

and LHC did very well  but 1 boson to 4 l/1013 pp interactions  instead of 1 / about 102 e+e− annihilations 

115 

2E = 206 GeV  

P.Janot  2000 2001 



 muon g−2 

E.Picasso 

F.Farley 

? 

beat between frequency of  
rotation of the µ and frequency  
of precession of its spin 
 

 g should be 2, but loops… 
     12672 five-loops… 
 
      superb work both   
theoretical and experimental 
 

new physics? 

now in Fermilab 
      “g–2 is not an experiment: it is a way of life. ” John Adams (DG of CERN 1971-1975) 

 

also PL of LEP 

? 
tgβ 

? 

agree to 
10−9, but… 

unsettled 

>2017 

1502.04487 



     from Nick Walker  ICHEP 2014  
The next 50 years? 

  discovery of BEH boson 
prodigious collective success 
   many key actors to praise 
     technical coordinators, 
                    etc 

? 

  multiple apologies 
     for omissions 

high intensity frontier 
rare decays, EDMs, etc 
Brookhaven, PSI, etc A.Hervé     M.Nessi        C.Benvenuti 

J.Adams  G.Brianti 

? 

 full exploitation 
of LHC mandatory 
 
a discovery would 
help for the future… 

most discussed option 

iff… 



        50 years of Moriond 
 
 félicitations, un très grand merci  
 et tous nos voeux pour la suite 


