
The HIggSTORY
     or finding the last piece of the Standard Model puzzle1

 1960 The underlying answer 
lies in something called
Spontaneous Symmetry 

Breaking
which is mostly very technical 

but let’s give credit where credit 
is due...

1964 3 papers are published by

Englert & Brout, Higgs and
Guralnik & Hagen & Kibble

to further tackle the mass question:
Particles gain mass by interacting 

with a new particle
 Imagine Einstein walking into a room 

of physicists. Everybody will want to talk 
to him, making it harder for him to move 

- he has acquired mass 

     1966 “The Recipe Book”
Peter Higgs calculates how this new 
particle, now known as the Higgs 
boson, interacts with other particles

How about a massive 
scalar (spin=0) particle?

1967/8 “Bringing it all 
together”

Using this Higgs mechanism, 
Glashow, Weinberg & Salam 
combine the electromagnetic 
and weak force into what is 
known as the Standard Model

  This mechanism could 
also give mass to 

fundamental particles like 
electrons & muons

Particle Discoveries (needed for the puzzle)

 1974          (SLAC, BNL) 

 1977        (Fermilab)  1978        (DESY)
       
     

  1983                    (UA1, UA2)

2000-2011 LEP & Tevatron results
How much does the Higgs not weigh?

 1995          

discovery
expected to 
interact the 

strongest with 
the Higgs as it is 
the heaviest

2012 Discovery of (something) Higgs (-like)
                  at the LHC with mass ≃ 126 GeV
                   and more than 99.999% certainty Future

Does this particle 
behave like Higgs 

predicted?
If not, is there 
New Physics?

Supersymmetry? 
Extra 

dimensions?

Lynn Marx
The University 
of Manchester

69th Scottish Universities 
Summer School in Physics,
St Andrews, August 2012

the test mass and is used to derive a lower bound on the Standard Model Higgs boson mass
(Figure 10). The lowest mass giving CLs = 0.05 is taken as the lower bound at the 95%
confidence level. The observed 95% CL lower bound on the mass of the Standard Model
Higgs boson obtained from LEP data is 114.4 GeV while the expected 95% CL is 115.3 GeV.

Figure 10: The ratio CLs = CLs+b/CLb for the signal-plus-background hypothesis. Solid
line: observation; dashed line: median background expectation. The dark and light shaded
bands around the median expected line correspond to the 68% and 95% probability bands. The
intersection of the horizontal line for CLs = 0.05 with the observed curve is used to define
the 95% confidence level lower bound on the mass of the Standard Model Higgs boson [52].

2.1.4 Towards the LHC

After the closure of the LEP collider, the search for the Higgs boson was continued at the
Fermilab Tevatron pp̄ collider. The cross section for the production of the Standard Model
Higgs boson in pp̄ collisions is close to 1 pb for low masses. The two experiments, CDF and
D0, have not observed any excess and exclude the region of 156 GeV ≤ MH ≤ 177 GeV at
95% CL [56].

Since 2010, the CERN pp collider LHC is in operation, in the first phase with an energy
of 7 TeV, to be extended later to 14 TeV. Hence the focus of the Higgs boson search has
moved to the two large detectors ATLAS and CMS [57, 58]. They have been optimized for
the Higgs boson search in a mass range from the LEP limit of 114.4 GeV up to ≈ 700 GeV.
In pp collisions the Standard Model Higgs boson production is dominated by gluon-gluon
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1) greatly inspired by http://arxiv.org/abs/1201.6045

Nambu Goldstone

WeinbergSalam

Higgs

Veltman‘t Hooft

Glashow

g

g

t

t

t
H

Feynman rules

Som
e th

ings
 hav

e 

mass 
(lik

e yo
u) 

and
 som

e d
on’t

 

(lik
e li

ght)
 

Why i
s th

at?

and

Where
 do

es 

mass 
com

e 

from
?

1971/2 “Cleaning pesky ∞”
This model works very well but 
sometimes predictions are infinitely 
large, so ‘t Hooft & Veltman 
come up with a solution known as 

renormalization

7.1 Significance of the observed excess 25
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Figure 13: The CLs values for the SM Higgs boson hypothesis as a function of the Higgs boson
mass in the range 110–145 GeV. The background-only expectations are represented by their
median (dashed line) and by the 68% and 95% CL bands.

7.1 Significance of the observed excess

The consistency of the observed excess with the background-only hypothesis may be judged
from Fig. 14, which shows a scan of the local p-value for the 7 and 8 TeV data sets and their
combination. The 7 and 8 TeV data sets exhibit an excess of 3.2 s and 3.8 s significance, re-
spectively, for a Higgs boson mass of approximately 125 GeV. In the overall combination the
significance is 5.0 s for mH = 125.5 GeV. Figure 15 gives the local p-value for the five decay
modes individually and displays the expected overall p-value.

The largest contributors to the overall excess in the combination are the gg and ZZ decay
modes. They both have very good mass resolution, allowing good localization of the invariant
mass of a putative resonance responsible for the excess. Their combined significance reaches
5.0 s (Fig. 16). The WW decay mode has an exclusion sensitivity comparable to the gg and ZZ
decay modes but does not have a good mass resolution. It has an excess with local significance
1.6 s for mH ⇠ 125 GeV. When added to the gg and ZZ decay modes, the combined signifi-
cance becomes 5.1 s. Adding the bb and tt channels in the combination, the final significance
becomes 5.0 s. Table 6 summarises the expected and observed local p-values for a SM Higgs
boson mass hypothesis of 125.5 GeV for the various combinations of channels.

Table 6: The expected and observed local p-values, expressed as the corresponding number of
standard deviations of the observed excess from the background-only hypothesis, for mH =
125.5 GeV, for various combinations of decay modes.

Decay mode/combination Expected (s) Observed (s)
gg 2.8 4.1
ZZ 3.6 3.1
tt + bb 2.4 0.4
gg + ZZ 4.7 5.0
gg + ZZ + WW 5.2 5.1
gg + ZZ + WW + tt + bb 5.8 5.0

The global p-value for the search range 115–130 (110–145) GeV is calculated using the method
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