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Research Interests

Prof. Ashutosh Kotwal’s research focuses on the physics of fundamental particles and
forces at high energies. He was instrumental with his team in discovering the Higgs boson
at the Large Hadron Collider. The Higgs boson arises from a completely new mechanism,
never before seen in Nature, to impart mass to all fundamental particles. While this discovery
has solved a major fifty-year old puzzle in fundamental physics, it has brought a new set of
questions to the fore. How does the Higgs boson happen to have just the required properties?
What is Dark Matter, how is it related to normal matter and how is it produced? Is there
a connection between Dark Matter and the Higgs boson? Finally, why is there more matter
than anti-matter in the Universe, when the experimentally tested theory of particle physics
called the Standard Model predicts that there should be no such imbalance?

Prof. Kotwal is pursuing these questions experimentally using two approaches - precision
measurements of fundamental parameters, and direct searches for new particles and forces.

Prof. Kotwal is the US Coordinator of a global effort to build a very large hadron collider
of 100-200 TeV in collision energy, in a circular tunnel of 100-200 km in circumference. This
project is about five times bigger and 10 times higher energy than the LHC. In connection
with this responsibility, he is also serving as the Head of the Future Collider Facilities Group
at the Fermi National Accelerator Laboratory (Fermilab) in the US. He is heading an inter-
national study group of 300 physicists who are producing quantitative physics publications
on the discovery potential of this future collider, and developing detector concepts using
futuristic technology. Europe, China and the United States have shown interest in hosting
this huge collider. Prof. Kotwal is coordinating this project with the leaders of US National
Laboratories, the European CERN Laboratory and the Institute of High Energy Physics in
China.

In his own research, Prof. Kotwal leads the world in measuring very precisely the mass
of the W boson, which is sensitive to the quantum mechanical effects of new particles or
forces. In particular it is directly connected to the mysterious properties of the Higgs boson.
If the latter are derived from a new, super-strong force hiding at very small distances, the
quantum fluctuations associated with this new force will be revealed in a measurable change
in the W boson mass.

Using the data from the CDF and DO experiments at Fermilab, Prof. Kotwal has re-
peatedly published the world’s best measurements of the W boson mass. Most recently
he achieved a precision of 0.02%, and it predicted the mass of the Higgs boson before its
discovery at the LHC. Since the Higgs boson mass turned out to be in the range predicted
by Prof. Kotwal, his measurement provides a spectacular confirmation of the Higgs theory.

Prof. Kotwal’s publications describe how he has progressively improved the experimental
techniques for the W boson mass measurement. He now leads the effort to further improve
on this precision, which can prove the existence of new particles or forces associated with
the Higgs boson.

Prof. Kotwal and his collaborators have also published the most precise measurements of
the top quark mass in the dilepton channel. His latest measurement used, for the first time
in particle physics, neural network algorithms based on biological evolution. This method
showed how to solve certain optimization problems based on ensemble properties.

Prof. Kotwal developed improved techniques to search for the Standard Model Higgs

11



boson. On the CDF experiment at Fermilab, he published three papers describing the
search for the Higgs boson, each time using more advanced techniques. He used one of these
techniques for the first time in the ATLAS experiment at the LHC to search for the Higgs
boson in a mode not yet observed.

Prof. Kotwal also works with his students, post-docs and collaborators on searches
of rare, exotic signatures of new interactions. He has published searches for charged and
neutral gauge bosons mediating new weak forces, the Higgs boson in theories that extend
the Standard Model, and excited states of Standard Model fermions. These particles are
predicted in theories where the weak interaction has both left-handed and right-handed
couplings (as is indicated by recent data on neutrino oscillations), in supersymmetric theories
which impose a fermion-boson duality, and in grand unified theories.

On the the ATLAS experiment at the LHC, Prof. Kotwal has performed detailed studies
of the silicon and transition radiation detectors. His students have published searches for
new particles decaying to top quarks as well as Higgs boson measurements. He wrote the
first three ATLAS papers on searches for heavy resonances decaying to leptons.

In addition to his experimental research, Prof. Kotwal has done theoretical work in
the phenomenology of black holes in extra spatial dimensions. Extra spatial dimensions
have been motivated by string theory and to explain why the gravitational force is so much
weaker than the electromagnetic force at large distances. In this scenario it is possible for
the gravitational force to be strong in the high energy regime of particle colliders, leading
to the production of black holes. Prof. Kotwal has published a theoretical analysis of
the production and decay of rotating black holes and their experimental signatures. Prof.
Kotwal has also co-authored a paper on black hole relics, which are postulated to resolve
the “information paradox” - after the black hole evaporates by Hawking radiation, where is
all the information swallowed by the black hole during its lifetime? The information may
remain locked up in these black hole remnants.
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