


Such fundamental scalar fields are:

The Higgs field. In the Standard Model of particle physics it gives mass to the fundamental 
particles. The famous Higgs boson discovered at CERN in 2012 is an excitation of this field 
and completed the standard model.

The inflation field. It is believed to have caused the accelerated expansion of the Universe at the 
very start of the Big Bang. It may help us to understand what triggered the Big Bang and how 
its subsequent huge inflation happened.

The Dark Energy or cosmological constant. This is also a mysterious new field which 
dominates the energy content of the Universe. It causes its accelerated expansion and ultimate 
fate. It is considered to be constant in space and time.

Some physicists argue that all these scalar fields are somehow connected with each other. That is
why the understanding of the nature of the Higgs field and of scalar fields in general is crucial to 
understand the past, present and future of the Universe. It is one of the most burning questions of
fundamental science in the 21st century.

Concerning the Higgs particle the most important open questions are:

• The strengths of all fundamental interactions do not depend on the interacting particles. 
However, the strengths of the interactions of the Higgs field with the fundamental particles 
vary proportional to the masses of the particles.
In order to understand how the Higgs mechanism generates these masses we have to test 
this relation as precisely and for as many different particle masses as possible.

• Check whether the Higgs particle is an elementary or composite particle!

• Check whether there are more types of Higgs bosons (e.g. charged) as predicted by 
extensions of the standard model.

• Check the stability of our Universe by measuring the masses of the Higgs boson and of the 
top quark as precisely as possible.
Specify the Higgs field by measuring the interactions between Higgs bosons!

• The mass of the Higgs boson is not predicted by the standard model of particle physics. 
Extensions of the standard model explaining its observed low value should be investigated.

The best device to investigate all these important open questions would be a new powerful 
electron-positron collider serving as a Higgs factory.

Author: Thomas Naumann (DESY), member of the IPPOG Working Group “Explaining 
Particle Physics to the Public” 

2


