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Historical short description related to the (B-E)-H bosons 

    before the discovery  ( circa 4th july 2012 ) 

 with emphasis on the LHC  

-  Theory 

-  Experimental developments, including                      

              detectors, magnets 

-  Searches  

-  Discovery   

Rien n’est cru si fermement  que ce  

   que l’on sait le moins  
Nothing is believed more strongly that which we know the least 

Montaigne, Essais 
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Giving an historical talk is difficult !  

If I have seen further it is by standing on the  

  shoulders of giants 

Isaac Newton, Letter to Robert Hooke,  

                            February 5, 1675 
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You can have a look at historical talks at the Higgs Hunting Workshop 

see also various CERN 

jamborees  



Spontaneous Symmetry breaking  (Baker-Glashow) 

 

     The Electroweak Theory  (Salam)  

   

        The Brout-Englert-Higgs mechanism  

 

            The LHC  

 

                                                           in a    
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LOI of ‘large’  LHC experiments         cancellation of SSC in 1993 

TP of ATLAS and CMS   approval of LHC (december)   

discovery of top by CDF and D0 (following evidence in 1994 by CDF)  

approval of LHC in one step (december)   

 

approval of the 4 largest LHC experiments  (ATLAS, CMS, LHCb,  ALICE) 

ATLAS Physics TDR  CERN/LHCC/99-14    CERN/LHCC/99-15     LEP data ended in 2000   

 

CMS Physics TDR   J. Phys. G: Nucl. Part. Phys. 34 (2007) 995–1579 

ATLAS  Expected Performance arXiv:0901.0512 

 start-up at 3.5 + 3.5 TeV 

 

1992 

1994 

1995 

1996 

1998 

1999 

 

2006 

2008 

2010 

2012 

2013 

2014 

1964  Brout, Englert, Higgs, Guralnik, Hagen, Kibble 

1967  Weinberg, Salam    Faddeev, Popov 

1970  Glashow, Iliopoulos, 

             Maiani, ‘t Hooft, Veltman, BRST….. 

 1973    Neutral Currents discovered at Gargamelle 

 1983    Rubbia, van der Meer, Banner, Darriulat, Di Lella,          discovery of W and Z at CERN    

 1984                  Spiro, Repellin, …                                                                                         Lausanne  

                                                                                                                            

 1989        August 1989 : operation  of  LEP (  e+ e-  collider )  starts 

                beginning of the R & D  of  LHC  experiments 

1950   Ginzburg-Landau  ( Meissner-Ochsenfeld  effect  →  London penetration length  ∼  W mass 

                                                                                             →  Pippard coherence length    ~ H mass  ) 

 

 

                                                                                             related to sort of  

                                                                                            (Anderson) Brout-Englert-Higgs mechanism  

1959  Nambu  

1960  Goldstone, Gell-Mann Levy, NJL 

1961 Schwinger  

1962  Anderson 

4th July discovery of boson ( m  ~ 125 GeV)                      Tevatron data ended in Sept 2011 ( ~10 fb-1 ) 

boson like properties           Nobel prize to Englert and Higgs 
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10th september 2008 :  first beams around 

20th november 2009 :  first beams around (again) 

         december 2009 :  collisions at 2.36 TeV cms 

14 months of major repairs and consolidation 

New Quench Protection system 

January 2010 : decided scenario 2010-11    7 TeV cms 

30th march 2010 :  first collisions at 7 TeV cms 

        august 2010 :  luminosity of 1031 cm-2 s-1 

instead of 14 TeV 

2
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              may 2011 :  luminosity > 1033 cm-2 s-1 

        november 2011 :  7 TeV integrated luminosity  ~  5 fb-1  

 13th december 2011 :  first ‘signal’ around 126 GeV 
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            march 2012 :  start again at 8 TeV  
                                             ( 50 ns  between bunches ) 

             4th July 2012 :  evidence for a new boson   

               ( 8 TeV integrated luminosity  ~  6 fb-1  ) 
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(Standard-Model) boson-like properties 

   peak luminosity   7 1033 cm-2 s-1     

  integrated luminosity ~ 5+ 20 fb-1        end of Run-1  

19th september 2008 : incident 

September 2011 : 

end of Tevatron 

data taking 
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(B-E)-H  boson discovery 

Englert –Higgs  

Nobel prize now 
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-  Theory 

-  Experimental developments, including                      

              detectors, magnets 

-  Searches  

-  Discovery   
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S.Dawson 4th July 2022 
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Theorists and SUSY prefer low mass boson 

mh < mZ   at lowest order . But was realized that  

  this prediction is subject to important radiative corrections  

 that could push mh up to ~130 GeV in simple supersymmetric 

 models  
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ATLAS 
CMS 

discovery papers 

     (2012) 
Do not forget the 

HXSWG (Higgs Xross 

Section Working Group 

crutial to transform the 

results into 

recommendations to be 

used in the experimental 

analyses  
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In addition , at the time of the discovery a small use was made of the  

different production modes 
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-  Theory 

-  Experimental developments, including                      

              detectors, magnets 

-  Searches  

-  Discovery   



Corfou 29 08 2022 16 

The construction of the 

machine and of the 

experiments went very well 

 

  .. But not without problems 
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LEP : approved in Oct 1981   starts operation in August 1989 

SSC approved in November 1988 Cancelled  in October 1993 
   ( ISABELLE was cancelled in July 1983 )  

Countries that contributed to SSC( US , Japan, India , … )  

           will contribute to LHC  
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1984 

1987 

1989 ECFA Study Week in Barcelona 
L = 1033 

  cm-2 s-1  

L = 1034 

  cm-2 s-1  
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superfluid Helium (1.9 K ) 

which permeates 

through the conductor 

→ Very good thermal 

  stability of the machine 
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♥ 

chosen 
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Point 5 = CMS  
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  CMS = (Compact Muon Solenoid)  

B = 4 T 

   « 4 π » detector 
up to η=5  

(from θ = 1.35°) 

e γ precision calorimetry 

 H→ γγ  , 4 e 

Lead tungstate 

 scintillating crystals 

Muon  spectrometer 

Hadronic  

Calorimetry 

Sampling calorimeter with absorber  

(brass) and plastic scintillators 

Jets and  ETmiss 

Silicon tracker 

+ vertex (  b quark, 

τ  lepton)  

Trigger without dead time  

  

write > 200 evts /s  

 

Suppose to work 10 years without  

decrease of performances 



24 σ(E)/E = 3%/√EGeV ⊕ 0.7 % 

CMS EM calorimeter  

more than 75000  

cristals of  PbW04 



25 

High level quality control !  
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 barrel Liquid Argon 

 electromagnetic 

 calorimeter 

 hadronic calorimeter 

 with scintillating tiles 

MarcVirchaux 

(1953-2004) 

two of the  

eight coils of   

the toroid  

ATLAS end of 2004 
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Inner Detector (|η|<2.5, B=2T):  
Si Pixels, Si strips, Transition 
Radiation detector (straws)  
Precise tracking and vertexing, 
e/π separation 
Momentum resolution:  
σ/pT ~ 3.8x10-4 pT (GeV) ⊕ 0.015 
      ( chamber resolution ⊕ MS ) 

Length  : ~ 46 m  
Radius  : ~ 12 m  
Weight : ~ 7000 tons 
~108 electronic channels 
3000 km of cables 

Muon Spectrometer (|η|<2.7) : air-core toroids ( B ~ 0.5 / 1T in barrel/ end-cap) with gas-based  
muon chambers Muon trigger and measurement with momentum resolution < 10% up to Eµ ~ 1 TeV 

EM calorimeter: Pb-LAr Accordion 
e/γ trigger, identification and measurement 
E-resolution: σ/E ~ 10%/√E  

HAD calorimetry (|η|<5): segmentation, hermeticity 
Fe/scintillator Tiles (central), Cu/W-LAr (fwd) 
Trigger and measurement of jets and missing ET 
E-resolution: σ/E ~ 50%/√E ⊕ 0.03  

3-level trigger 
reducing the rate 
from 40 MHz to 
~200 Hz 

ATLAS detector 

Daniel Fournier 
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Boris Dolgoshein 

Bill Willis 
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vacuum leak in the 

cryogenic  distribution 

line   → 1.5 year delay 
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© L..Evans 4-12-22 

a fault occurs in the electrical bus connection in the region 

between a dipole and a quadrupole, resulting in mechanical 

damage and release of helium from the magnet cold mass 

into the tunnel  ( 1.5 year delay ) 
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-  Theory 

-  Experimental developments, including                      

              detectors, magnets 

-  Searches  

-  Discovery   



Phys.Lett.B 565 (2003) 61-75 Search for the Standard Model 
Higgs Boson at LEP 

LEP Working Group for Higgs boson searches and 

ALEPH and DELPHI and L3 and OPAL Collaborations 
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CDF and D0 

(at Tevatron) have 

paved the way and 

brought 

sophistication and 

maturity into  

Higgs boson  

searches at  

hadron colliders   

  ( Tevatron data (proton –antiproton √s =1.96 TeV) ended in september 2011 ) 
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-  Theory 

-  Experimental developments, including                      

              detectors, magnets 

-  Searches  

-  Discovery   
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Evolution of the excess with time  
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p0= probability that the background fluctuates more than the observed excess 

4/07/12 CERN Prel PLB 08/12 
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Thank you for your attention  

After 2012 , precision physics with the boson at LHC  .. 

 

  another story ..    which will last still 20 years 

 

   see talks from M.Cristinziani ,D.Pyatiizbyantseva, 

    S.M.Tkaczyk,D.Varouchas, M.Zerlauth,L.Morvaj, …. 
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BACKUP  
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-  Theory 

-  Experimental developments, including                      

              detectors, magnets 

-  Searches  

-  Discovery   
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A.Djouadi Phys.Rept.457:1-216 

GF     H → WW , ZZ , γγ , (bb),ττ 

VBF  H → WW, ZZ , γγ , bb, ττ 

WH, ZH   H → WW, γγ, bb 

ttH    H → WW, γγ, ττ, ZZ, bb 

Typical uncertainties on cross-section 

gg            5 %                   NNNLO 

VBF         <5%                 NN(n)LO 

WH,ZH   <5%                 NNLO 

ttH           10%                 NLO 

These production cross sections have to be used 

with the decays  bb , ττ , WW , ZZ , γγ 
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Width smaller than ‘leptonic/γ resolution’ 

zone favored by (pre-LHC) data 

For mH ~ 125 GeV the  

width is about 4 MeV 

corresponding to  ~ 10-22 s 

and  ~100 fm 
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Condensed matter physics 

1928 (Heisenberg) For T<TC dipoles 

   are aligned in some arbitrary direction 

1950 (Ginzburg Landau) : phase  

  transition in superconductivity 

1957 (Bardeen, Cooper, Schrieffer) 

  SSB of EM gauge invariance 

SSB = Spontaneous Symmetry Breaking :There are symmetries  

   of the Lagrangian that are not symmetries of the  

   fundamental state (vacuum) 



Louis Fayard  7-9-2015 49 

Particle physics  - strong interaction (global symmetry)  

1959  (Nambu Jona-Lasinio)  : SSB transmitted  from  condensed  

    matter to particle physics  

    SSB of (global) chiral symmetry  → pseudoscalar boson π0 

    massless  boson if exact symmetry 

 1960 (Goldstone) : generalization  : SSB of continuous  global 

     symmetry  → massless (Nambu-Goldstone) bosons   

and massive boson mass√(-2 µ2) 

   σ  = f0(600) 

Corfu  
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Particle physics  - strong interaction (local symmetry)  

1964  (Brout,Englert,  Higgs,   Guralnik, Hagen,Kibble)  

   SSB of gauge symmetries  

 

  The BEH mechanism : no massless particles  

                                         massive gauge bosons  

 

  mass of gauge boson acquired by ‘eating’ the N-G boson 

 

   one massive particle √ ( -2 µ2) : BEH boson ( or Higgs boson)   
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Joe Incandela 

Guido Tonelli 

Francois Englert 

Fabiola Gianotti 
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Particle physics  - weak interaction (local symmetry)  

1967 ( Weinberg Salam)  Electroweak theory of leptons 

   SU(2)L  x U(1)Y   → U(1)EM 

   * Three massive bosons  : W and Z 

   * One massless vector boson : photon  γ 

   * One massive scalar boson : BEH boson H 

   *  massive leptons by Yukawa couplings to BEH boson  

1970 ( Glashow, Iliopoulos, Maiani)  introduction  of quarks  

      in theory 

Faddeev,Popov,’t Hooft,Veltman,Lee,Zinn-Justin,Becchi, 

   Rouet,Stora,Tyutin   : renormalizable theory  

Corfu  
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masses of elementary 

particles 

 1meV           10 K 

 1eV              104K 

 1keV           107K 

 1MeV         1010K 

 1GeV          1013K 

1TeV          1016K 

 1015GeV     1028K 

1018GeV     1031K 

1 TeV 

1 GeV 

1 MeV 

1 keV 

1 eV 

1 meV 

t 

b 
c 
s 

d 
u 

τ 
µ 

e 

ντ 
νµ 

νe 

Z 
W 

bosons fermions 

t 

10-43s 

10-35s 

10-10s 

105y 

1010y 
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Mass of the 4 scalar bosons 

   positive  

W and Z mass = 0  

fermion masses =0 

Mass of one scalar (BEH)  

   boson positive  

W and Z mass positive 

fermion have their masses 

10-10 s  
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J.Ellis Higgs Hunting 2011 
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Phenomenology of scalar boson ( theory) 
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J.Ellis Higgs Hunting 2011 
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J.Ellis Higgs Hunting 2011 
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VBF process  



61 

Phenomenology of scalar boson ( theory) 



HC 18-11-2012 62 

  J.Gunion       G.Kane     



63 
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-  Theory 

-  Experimental developments, including                      

              detectors, magnets 

-  Searches  

-  Discovery   
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CMS Silicon Tracker 

 The Silicon tracker (200m2) has 10 M channels
 Operating temperature -15°C
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 CMS  solenoid 

B= 3.8 T 

Diameter = 6m 

Stored energy = 2.6 GJ 

Magnetic length = 12.5 m 
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Forward CMS hadronic calorimeter going down 
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The barrel superconducting toroid of ATLAS  

 (A Toroidal LHC ApparatuS ) 
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presampler and longitudinal segmentation of the EM  

       ATLAS  ( Liquid Argon ) accordion calorimeter 
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B = 2T 

ATLAS  

inner detector 

Outside are installed the calorimeters 

and the muon detector  

e 

γ 

γ 

converted γ  into e+ e- 

electrons  can 

do some  

bremsstrahlung 

in the  

Inner Detector 

⇒  response 

 more complicated 

photons can 

convert 

⇒  more 

complicated than a 

non converted photon 

HALF OF THE H→γγ 
EVENTS HAVE A 

CONVERTED PHOTON 

non  

converted 
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γ 

γ 

Example of H → γγ 

π0 

π0 

signal background 

angle between 

the  2 γ  of a 

π0 

 ~   

2 m(π0) 

 pT(π0)  
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granularity of  

1st sampling  

of calorimeter 

 Δη ~ .003  

opening of photons coming 

from a π0 (pT = 50 GeV)  

ΔR > .006 ~ 2 m(π0)/pT(π0)  

The granularity of the  

electromagnetic 

ATLAS detector is  

very useful  to reject  

the π0    bakground  

♦ good jet rejection essential ( to reduce γj and jj backgrounds) 
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Photon identification  

with shower shapes 
reminder: opening angle between the two 

photons of a π0 of pT =50 GeV is > 0.006  

to be compared with size of strip calo  

1st sampling  ~0.003 

tight 

selection  

uses  

mainly  

calo 

1st  

sampling 



85 Nice shape in first sampling of EM calormeter 
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© F.Gianotti 
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PIM = Plugged In Module 
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L.Evans Higgs Hunting 2018 
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Interconnection of 2 magnets 
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Collateral problems : movements of magnets 
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-  Theory 

-  Experimental developments, including                      

              detectors, magnets 

-  Searches  

-  Discovery   
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First experimental  note on scalar boson search at LEP 
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H →  γ γ ( historical mode)   

C.Seez       J.Virdee       G.Unal           

was studied at the LHC  

for more than 20 years  

( and even before at the SSC )  
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H →  4l (  gold plated mode)   
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mA tan(β)   plane 
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J.Ellis Higgs Hunting 2011 
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comparison between LHC and Tevatron :  

 gg cross section  at least 10 × higher at LHC  

backgrounds to WW , ZZ , γγ are q qbar annihilation 

         ( Remember Tevatron was a p pbar collider)  

    →  S/B better in these channels at LHC than at Tevatron 

however it is worse in associated modes 
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  Low mass VBF  

2 high pT tag jets at  

    large rapidity 

no color flow between tag jets   ⇒  rapidity gap 
central jet veto effective to reduce backgrounds 

VBF  was used for high mass  searches but was  

   used (on Monte-Carlos) at low mass at the end of the 90’s  

  D.Rainwater and D.Zeppenfeld  JHEP 9712 (1997) 005 



Corfou 29 08 2022 107 

-  Theory 

-  Experimental developments, including                      

              detectors, magnets 

-  Searches  

-  Discovery   
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Observation of a BEH-like boson decaying into two photons with the ATLAS detector at the LHC 

Nansi Andari(Orsay, LAL) (Sep 26, 2012) 


