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• Not really the history of the LEP WG 

 

• Some highlight of fruitful  
collaborations 

 

• The story of the LHC H XS WG 
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Outline 



Preparing LEP 
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A textbook for all the students and 
non, starting at LEP 
 
Lots of work: 
   SM,  
   Higgs 
   new physics 
   predictions, analyses,  
   event generators,  
   software… 
                    
Both experiments and theory 
did much better than expected ! 
 
For example:  
MZ, Gamma_Z  ~ 10 MeV 
          we got   2 MeV 
 



The birth of the LEP EW WG 

Gigi Rolandi:   

I remember to have gone to Moriond in 1990 and Jean Francois Grivaz 
asked me to give a talk comparing the results of the 4 LEP experiments. 
In that occasion I did the first plots with the 4 results and with the 
combination – with error bars. 

They liked the talk and thus I gained an additional week -Moriond 
QCD- with the promise to re-give the talk !   

Chiara Mariotti 4 



Chiara Mariotti 5 

PROCEEDINGS of 
Moriond 1990 
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PROCEEDINGS of 
Moriond 1990 

After 2 weeks of data taking,  
we knew there were 3 neutrinos! 



Conclusion of the talk 
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Experiment and theory have “run” together towards high precision 
for luminosity: from 3.2 % to 0.054% (TH)  - 0.034% (EXP) 
(limiting precision on the N_neutrinos) 
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Conclusion of the talk 



A very special collaboration 

• The LEP Energy Working Group was established at the 
beginning of the LEP program with the task of 
determining the collision energies.  

• The group consisted of physicists from the experiments, 
and machine physicists and engineers from the 
accelerator.  

• The primary purposes of the work was to provide input 
to the Z mass and width measurements, and the W mass 
determination.  
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IF YOU FIND THE EQUIPMENT WICH IS OFF DURING 
THE NIGHT, YOU WILL GET A CASE OF CHAMPAGNE 
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Wrapping up  

Glasgow 1994 

“Precision Calculations   
for the Z “ 

G. Passarino 
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2012 

1996 

    The discovery of the  
EW radiative corrections 

              EPS 1993, Marseille 
Bolek Pietrzyk remembers that 
L.B. Okun in his summary talk said that  
the EW genuinely radiative corrections are not 
observed at LEP  (in fact the data at that time  
were in agreement  with the Born approximation  
within one sigma). 



THE BIRTH OF THE  
“BLUE BAND” 
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March 2012 
1996 
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31 March 1994 



Widening the collaboration: Da5had 
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Bolek Pietrzyk In Warsaw ICHEP 1996, Bolek went around asking experiments  
                                 to measure  Rhad,  only BES agreed 
         in ICHEP Osaka 2000 Bolek showed the effect of BES on Rhad, and thus on MH 
                     “without this result, we could have excluded the SM Higgs” 

BEFORE BES  

513B(2001)46 



Top mass 

This plot shows, vs years: 

 

- Improvement in TH calc. 

- The effect in 1994 of the  

   beam energy measurement 

   with the resonant  depolarization 

   that allowed to measure with 

   high precision the Z width 

   and thus -> precise TOP mass  

 

- 1994 CDF evidence,  1995 CDF+D0 discovered the Top   

     exactly where LEP+TH fitted/predicted  

           relative precise predictions of MH 

 change the way of plotting:   before “vs Mtop”, then “vs MH” 
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Towards LEP2 

• Higgs Physics 

•  (- b-tagging 

      - dimension of     

         the  beam !) 

• SM physics 

 - WW physics 
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A very special example of 
 th-exp interaction :  

the WW cross section 

• The definition of the signal 

• The first measurements 

• The final result 

 

 

 
 thanks to R.Chierici, F.Cossutti, R.Tenchini 

Chiara Mariotti 22 



Four-fermions: refreshing quantum 
mechanics  

23 

• A process is only well defined on the basis of its final state. It is in principle 
incorrect, and meaningless, to discuss about WW/ZZ/single boson and so on 

 In practice, it is a useful approximation to define processes as a set of Feynman 
diagrams 

o The procedure is known not to be gauge invariant 

o One should show that interference effects are under control (small w.r.t. signal) 

o They must be accounted for !  Either as part of the signal or of the background ! 

 Examples are given by the “WW” (CC03) and “ZZ” (NC02) production 

 

 

 

 

 

 To be noticed that the above contributions do interfere already (e.g. ℓℓ final 
states) 

 Often also called “doubly resonant contributions”, to be distinguished from “singly 
resonant contributions” (single W, single Z), and “non resonant contributions” (t-
channel di-boson scattering) 

R. CHIERICI 



Signal definitions must be agreed upon 
! 
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• In general this is not possible: the signal is defined on the basis of the final 
state and properly chosen phase space cuts (example: single W in eud) 

e-e  qq’ 
(CC20) 

m(qq’)> 45 GeV 

e-e l+l 

(CC18) 
E l+>20 GeV 

e-e e+e 
(Mix56) 

E e+>20 GeV  

|cos e+|<0.95 

|cos e-|>0.95 
 

SM = 450÷600 fb (ee qq’ ) 

SM = 60÷90 fb (ee ll  )
 

SM = 30÷50 fb (ee ee ) 

Only the t-channel graphs 
(gauge invariant def.n) 

with cuts per channel to 
reduce multiperipherals 

 s-channel 

 t-channel 

 multiperipherals 

R. CHIERICI 



An important digression 
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• Still in year 2000 all LEP experiments in agreement, but 2% discrepancy with 
respect to the theory predictions 

 Intense period of TH-EXP collaboration  

 MCs only accounted for ISR+FSR+CC 

Real corrections 

Virtual corrections 

 Ws do talk to each other ! 
     change in total cross-section 

and in differential cross-sections 

ISR FSR 

CC 

! 

relevant effect (~2%) on WW, d/dW 

Data and theory in excellent  
agreement afterwards… 

• Full O(a) beyond possibility for theory 

 Calculation was provided for the WW part 
only in the so-called Double Pole 
Approximation (DPA)  

   (RacoonWW, YFSWW) 

Eur. Phys. J. C23 (2002) 65 

R.CHIERICI 
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- 2%  significant discrepancy in  sigmaWW  
 

- Adding the NLO EW correction in DPA  
    (double pole appr.n) TH cross sections agreed with 
     data  
 
- But these corrections were distorting the 

differential distributions in an important way. 
- TGC measurements stopped to get these 

corrections implemented in the MC 
 

- “not only at LEP1 we can test the 
     SM at loop level, but also at LEP2.” 
     “Moreover, the data at 3 sigma could discriminate 
      the best implementation at NLO with DPA  
     (Racoon) w.r.t approximations (Koralw)  
    

A very special example of 
 th-exp interaction :  

the WW cross section 
R. CHIERICI: 
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G.P. convener of the SM parallel session Tampere 1999 asked the speaker that  
ended his talk saying  that there was good agreement between the data and the SM:   
“What do you mean by ‘Standard Model’ ? ” 

A very special example of 
 th-exp interaction :  

the WW cross section 
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Da LEP a LHC:  
Paving  the  Road  to  Discovery 

 

– LEP1: Z line shape, electroweak precision measurements   - 1990 -1995 

– LEP2: Single Boson and WW  production; Higgs Physics  - 1995 - 2000 

– LHC: Higgs Cross Section Working Group  - 2009  

 

29 



Not only physics…. 
At the beginning of LEP there were no cell-phone, no laptops, email (?) (cernvm or bitnet)  
But the collaboration TH/EXP was incredible intense and going down to small details  
 
For example: 
 
PS: 
For using your code with other programs, it would be nice if you could start each  
subroutine/function name with the same (two) lettes, eg. T0, so that there is no  
possibility for name clashes.   
Same holds for common blocks. 
 
or 
 
Within our fitting program, we call the theoretical analytical programs for one energy, 
 and one final-state at a time. TOPAZ0 on the other hand calculates for a given energy  
the quantities for all final states. How could one change that not to spend CPU time  
on unwanted final-states? Added to this one could separate the common ew calculations  
from the cross/section asym calculations.   
Furthermore, could you add the calculation of A_c in analogy to A_b? 
 
Thanks for your help and best regards. 
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From Giampiero email archive 



THE LHC Higgs Cross Section 
Working Group 
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LAL  Nov 2011 https://indico.cern.ch/event/158675/session/8/contribution/13/material/slides/0.pdf 

2008 

4 July 2012 



A bit of history 

• In 2008 Giampiero Passarino had the idea of the 
group for the first time, underlying the urgency, since 
a discovery could come sooner than expected! 
 

• In August 2009 we met at the cafeteria of B40 
(Passarino, Mariotti, Murray, Nisati, Qian and 
Stoeckli) 
 

• In Torino, in November 2009 (the exact day LHC 
delivered the very first pp interaction !) the group was 
formed and the program was discussed. 
 

• Jan 2010 the experiments formally recognize it. 
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Higgs production at LHC (2012) 
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ggF:   NNLO+NNLL QCD + NLO EW 
 
 
 
 
qqH:  NNLO QCD + NLO EW 
 

WH:   NNLO QCD + NLO EW 
ZH:     NNLO QCD + NLO EW 
 
 
 
 
 
                                 ttH:    NLO QCD 

KNNLO/NLO 

(KNLO/LO) 
 

Scale PDF+aS 

 

Total 
error 

ggF +25% 
(+100%) 

+12% -7% ±8% +20 -
15% 

VBF <1% 
(+5-10%) 

±1% ±4% ±5% 

WH/Z
H 

+2-6% 
(+30%) 

±1% ±4% ±5% 

ttH - 
(+5-20%) 

+4% -10% ±8% +12 -
18% 

the  
LHC H XS WG  



Branching Ratios (2012) 
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HD=HDecay  NLO QCD +NLO EW 
Proph = Prophecy4f   NLO QCD+NLO EW 

MH Decay THU PU Total 

120 
GeV 

Hγγ ±2.9% ±2.5% ±5.4% 

Hbb ±1.3% ±1.5% ±2.8% 

Hττ ±3.6% ±2.5% ±6.1% 

150 
GeV 

HWW ±0.3% ±0.6% ±0.9% 

HZZ ±0.3% ±0.6% ±0.9% 



4 July 2012: the Higgs discovery 
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Is it a SM Higgs boson? 

36 

• data compatible with SM prediction at 95% C.L. 

• Best fit kF driven to low values by VBF γγ excess and ττ deficit. 

• More data needed to draw any definite conclusion. 

4 July 2012 



Best fit 

Desy 2012 Chiara Mariotti, INFN Torino & CERN 37 

Atlas:      
1.4 ±0.3 @126 GeV 

 
CMS:  

  0.87 ± 0.23 @ 125.5 GeV 



The results 

• The Yellow Report 1 (CERN-2011-002)  17-Feb-2011: 
    Handbook of LHC Higgs cross sections:  

    1. Inclusive variables 
        891 citation, 64 authors 
 
• The Yellow Report 2 (CERN-2012-002)  12-Jan-2012 

     Handbook of LHC Higgs cross sections:  
    2. Differential distributions 

       460 citation,  141 authors 
 
• The Yellow Report 3 (CERN-2013-004)  29 July 2013 

      Handbook of LHC Higgs cross sections:  
      3.  Higgs Properties 

       365 citations, 157 authors  
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On the road… 
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…. and we did it ! 
So let’s continue. 

S. Dittmaier 


