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The organizers of the SSI asked me to review the 40 years of 
history of the Higgs Boson that parallel the 40 years of the SSI.

I am not a historian.   This survey will be anectodal.   I do not 
promise that it will be “fair and balanced”.

I will emphasize topics close to my own experience, and those 
that actually appeared in the SSI.

Iliopoulos at Higgs Hunting 2012:

“Never read old papers with today’s knowledge.”

He meant, for the purpose of assigining credit.  It is very 
illuminating to read the old papers to glean insights.



So I will begin at ICHEP 1972, held at NAL (now called Fermilab).

From the lecture of Benjamin Lee on the theory of weak 
interactions





In the fall of 1972, I was an undergraduate at Harvard.  I was 
hustled to a lecture by a new assistant professor, Alvaro de 
Rujula, who explained the newly resurgent unified theory of 
weak and electromagnetic interactions.   He included Lee’s 
locution:

“Higgs” is an abbreviation for Higgs, Kibble, Guralnik, Hagen, 
Brout, Englert.



In 1972, the properties of the Higgs boson were a neglected corner 
of the electroweak theory.   People were interested in more 
immediate questions:

Were there weak neutral currents ?

What was the gauge group ?

This did not change until 1975, with the pathbreaking paper:



Here are some figures from the paper:

The first comprehensive accounting of Higgs branching fractions 
(up to a mass of 100 GeV):



The first calculation of

Γ(h→ γγ)



The Higgs boson made its first appearance at the SSI in 1976, in a 
now-classic set of lectures by Bjorken.



“Bjorken process”



  

The years 1976-77 saw the first limits on the mass of the Higgs 
boson in the now-established Standard Model.

Both limits came from theory.

Linde and Weinberg computed the radiative corrections to the 
Higgs potential and found that the potential could not actually 
be flat at the minimum without being unstable.





At the same time, there is an upper bound on the Higgs mass.   
Large Higgs mass is associated with strong Higgs coupling.  This 
strong coupling should not violate unitarity.

from Lee, Quigg, Thacker II.

Shortly after this paper was 
submitted, Ben Lee was killed 
in an auto accident.



By 1978, with the SLAC-Yale parity violation experiment, the 
Standard Model of weak interactions was established.  It required 
the Higgs boson, but the Higgs was nowhere to be found.

In 1981, Lev Okun presented this situation in his concluding talk 
at the Lepton-Photon conference:



The 1980’s were the era of the CESR and DORIS b-factories and 
the run-up to the Superconducting SuperCollider.

In this context, two types of Higgs bosons were in fashion, those 
light enough to be produced in Upsilon decays, and those so 
obese that only the SSC could find them.



Since the Higgs couples to heavy quarks, it is naturally found (if 
light enough) in quarkonium annihilation, e.g. 

Many searches were carried out, both at     and     .   None were 
successful.   Except   (SSI 1984),

Υ→ h + γ

ψ Υ



Υ Υ′



Pantaleone, Peskin, and Tye 1984



meanwhile, the study of very heavy Higgs bosons was 
spearheaded by the work of Chanowitz and Gaillard,



This was an important theme of my SSI lectures in 1987.  
Here are some figures from the lectures:

Unfortunately, there was a regime that we missed.

Dawson Gunion and 
Tofighi-Niaki







1989 brought the start of the SLC and LEP precision electroweak 
experiments.    Morris Swartz will review these in more detail.



The important point for this lecture is that these precision 
observables depend signficantly on the Higgs boson mass.

Here is a slide from my 1989 SSI lectures on precision electroweak. 



This constraint on the Higgs mass was soon captured by the LEP 
Electroweak Working Group in their “blueband plot”.



In the late 1990’s, as the energy of LEP was raised toward 200 
GeV, the LEP experiments became sensitive to Higgs through 
the process

For several years, speakers from LEP would present delicious 
pictures of Higgs candidate events, always, however, consistent 
with background.

e+e− → Z0h0

 h0
 

Z0

Z0



Chiara Mariotti, SSI 2000



find LEP exclusions, 
from Kado and Tully, 
Annual Reviews 2002



This left the search for Higgs, unfortunately, to the domain of 
hadron colliders.



Report of the Tevatron Higgs Working Group,  October 2000

          Carena, Conway, Haber, Hobbs,  convenors



Now we come close to the present time.   

The Tevatron Run II had initial difficulties but eventually 
achieved 10 fb-1/expt.

The LHC finally began its colliding beam run in 2009.  By the 
summer of 2011, ATLAS and CMS had, between bursts of 
optimism,  excluded the Higgs over most of its mass range.  



from the Bombay Times       August 22, 2011

    during Lepton-Photon 2011 in Mumbai



fortunately, after July 4, 2012, everything has changed ...



from the Borowitz Report in the New Yorker:        July 3, 2012
     an interview with the Higgs boson



After 40 years of theory and simulation, we have now 
entered the era of Higgs boson experimental physics.

I hope that this lasts another 40 years, giving us unexpected 
insights into the deep structure of the universe.


