
André de Gouvêa Northwestern

Theoretical Physics at FNAL

André de Gouvêa

Northwestern University

June 7, 2017 FNAL Theory
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Why Me? (+Disclaimer)

I first came to FNAL in the winter of 1994 as a master’s student from
Brazil working in the E791 experiment (data analysis).

I was a postdoc in the Theory Group between 2001 and 2003. I joined
Northwestern as an Assistant Professor immediately after that, and
became an “Associate Staff” (this is what the webpage says).

While I know very little about the history of the group and am thoroughly
unqualified to do it justice, I did profit from enlightening conversations
with and suggestions from everyone, especially Bill Bardeen, Marcela
Carena, Bogdan Dobrescu, Seyda Ipek, Boris Kayser, Andreas Kronfeld,
Paul Mackenzie, Stephen Parke, and Louise Sutter. I also got some cool
stuff from Valerie Higgins.

None of these people are to blame for this presentation. I did, however,
have to make many choices along the way – I will say very little about the
Astro-theory group, for example – and apologize in advance.
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Brief History

In 1969, the first five NAL theorists arrived (“Post-Docs”) – David
Gordon (acting head), Loius Clavelli, Pierre Ramond, Jim Swank, and
Don Weingarten.

“post Ph.D. theorists are available to our experimentalists in connection
with the current experiments and with the formulation of plans for
facilities to be provided for the 200 BeV research program.”

For the next several years, the group consisted of the mixture of a senior
University theorist (temporary head), postdocs, and visitors.

The group moved to the High-Rise (3rd Floor) in 1972, when J.D. Jackson
from UC Berkeley was the temporary head. Jackson and Einhorn came up
with “The Experimental Theoretical Seminar” on Friday afternoons and
Jackson provided wine and cheese for the event.
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“My informal expense ledger for

that date shows $6.72 for bread

and cheese and $9.43 for 2 gals.

of CK Mondavi Burgundy.”

J.D. Jackson (2002)
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In 1974:

Permanent TH
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A permanent theory group was established in 1974 with Ben Lee serving
as the head. Besides the postdocs, reinforcements were added: Chris
Quigg (1974), Bill Bardeen (1975), and Hank Thacker (1976).

Tragedy struck in 1977 with Ben Lee’s death (car accident on way to
Aspen).

Chris Quigg, took over as head in 1977.

He was succeed in 1987 by Bill Bardeen and Keith Ellis succeeded him in
1992, when Bardeen went to serve as chair of the Theory Group at the
SSC (he came back later. . . ).
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In the 1980’s, the Fermilab theory group got involved in the ambitious
enterprise of solving QCD – the strong interactions – numerically. In a
nutshell, the idea was to take advantage of the computing resources at
FNAL in order to develop supercomputers capable of the doing the job.
They were doing supercomputers before supercomputers were sexy!

The FNAL lattice gauge theory group – Bardeen, Eichten, Kronfeld,
Mackenzie, Van de Water, plus postdocs – is the largest in the US. They
are part of the USQCD Collaboration (Mackenzie, Chair).

Currently, Lattice Gauge Theory techniques provide vital input concerning
our understanding of the Standard Model of Particle Physics, and Beyond.
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Lattice QCD plays a key

role in 21st century

quark flavor physics!
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Over the years, the FNAL Theory Group has play a leading role in shaping our

understanding of fundamental particle physics in a variety of ways.

Its footprint in the theory community, for example, is huge. Here is a partial list

of individuals who were, at some point, postdocs in Theory Group:

• Tony Sanda, Professor in Nagoya;

• Shirley Jackson, President of the Rensselaer Polytechnic Institute;

• Robert Shrock, Professor at Stony Brook;

• Andrzej Buras, Professor Emeritus at Technische Universität München;

• Steve Gottlieb, Professor at Indiana;

• Sally Dawson, Staff Scientist at BNL (winner of the J. J. Sakurai Prize for

Theoretical Particle Physics this year);

• Mary Hall Reno, Professor at Iowa;

• Manfred Lindner, Professor at Heidelberg;

• Michelangelo Mangano, Staff Scientist at CERN;
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• Gian Giudice, Staff Scientist at CERN;

• Nigel Glover, Professor at the University of Durham;

• Tao Han, Professor at Pittsburgh;

• Aida El-Khadra, Professor at the University of Illinois (and Fermilab

Distinguished Scholar);

• Gustavo Burdman, Professor at the University of São Paulo;

• Yael Shadmi, Professor at the Technion Institute;

• Shoji Hashimoto, Professor at KEK;

• Sinead Ryan, Professor at Trinity College (Dublin);

• Ulrich Nierste, Professor at Karlsruhe;

• Konstantin Matchev, Professor at the University of Florida;

• Adam Leibovich, Professor and Department Chair at the University

Pittsburgh;

• Heather Logan, Professor at Carleton;
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• Gabriela Barenboim, Professor at the University of Valencia;

• Tim Tait, Professor at UC Irvine;

• Giulia Zanderighi, Professor at Oxford;

• Mu-Chun Chen, Professor at UC Irvine;

• Jay Hubisz, Associate Professor in Syracuse;

• Jose Santiago Professor in Granada;

• Yang Bai, Assistant Professor at U Wisconsin, Madison;

• Elvira Gámiz, Professor at the University of Granada;

• Joachim Kopp, Assistant Professor in Mainz;

• Adam Martin, Assistant Professor at Notre Dame;

• Nausheen Shah, Assistant Professor at Wayne State;

• Pilar Coloma, Assistant Scientist at Fermilab;

• Pedro Machado, Assistant Scientist at LANL (starting November 2017).
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• What are basic ingredients of matter?

• How do they interact with one another?

• What are the most

fundamental laws

that describe all

natural phenomena

(at least in principle)?

Particle Physics

Questions:

• And several more

pragmatic question:

– how do stars shine?

– heavy elements?

– . . .
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21st Century

Periodic Table

(Now with Higgs boson!)

http://www.particlezoo.net
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Evidence for Physics Beyond the Standard Model

1. The expansion rate of the universe seems to accelerate, both early on
(inflation) and right now (dark energy).

2. Dark matter seems to exist.

3. Why is there so much baryonic matter in the universe?

4. Neutrino masses are not zero.

1. and 2. are consequences of astrophysical/cosmological observations. It
is fair to ask whether we are sure they have anything to do with particle
physics.

3. is also related to our understanding of the early history of the universe
and requires some more explaining.

4. is the most palpable evidence for new physics.
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André de Gouvêa Northwestern

Theory . . . hmm . . . What is it Good For?

• Piecing together and understanding the Standard Model. What does
it say? How do we test it? Alternatives?

“Super Collider Physics,” E. Eichten, I. Hinchliffe, Kenneth D. Lane, C.

Quigg (Fermilab), Rev. Mod. Phys. 56 (1984) 579-707, Addendum:

Rev.Mod.Phys. 58 (1986) 1065.

“Minimal Dynamical Symmetry Breaking of the Standard Model,” William

A. Bardeen, Christopher T. Hill, Manfred Lindner, Phys. Rev. D41 (1990)

1647.

• Calculating Stuff! What happens when you collider a proton and an
antiproton at very high energies? How about a proton and a proton?
How often do we produce a top quark? And a Higgs boson?

“PYTHIA 6.4 Physics and Manual,” Torbjorn Sjostrand, Stephen Mrenna,

Peter Z. Skands (Fermilab), JHEP 0605 (2006) 026

“An Update on vector boson pair production at hadron colliders,” John M.
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Campbell, R. Keith Ellis, Phys. Rev. D60 (1999) 113006.

• What lies beyond the Standard Model? How do we look for it?

“On Kaluza-Klein states from large extra dimensions,” Tao Han, Joseph D.

Lykken, Ren-Jie Zhang, Phys. Rev. D59 (1999) 105006.

“Light Stau Phenomenology and the Higgs to γγ Rate” Marcela Carena,

Stefania Gori, Nausheen R. Shah, Carlos E.M. Wagner, Lian-Tao Wang,

JHEP 1207 (2012) 175.

• What (else) are particle physics experiments good for?

“Missing Energy Signatures of Dark Matter at the LHC” Patrick J. Fox,

Roni Harnik, Joachim Kopp, Yuhsin Tsai, Phys. Rev. D85 (2012) 056011.

“Dark matter beams at LBNF,” Pilar Coloma, Bogdan A. Dobrescu,

Claudia Frugiuele, Roni Harnik, JHEP 1604 (2016) 047.
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André de Gouvêa Northwestern

June 7, 2017 FNAL Theory
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André de Gouvêa Northwestern

Present and Near-Term Future Activities

• What is the dark matter? How do we look for it?

New ideas. Light dark matter, super-heavy dark matter. New experimental

probes?

• What is the origin of nonzero neutrino masses? How do we find it?

Charged-lepton physics(e.g. Mu2e)? Collider physics? Early universe

cosmology? Leptons versus quarks?

• What are neutrino oscillation experiments good for? Next-generation

experiments?

How do I measure neutrino properties? More new physics in neutrino

oscillations? Statistics and other unpleasantries?

• High statistics, high precision observables at the LHC.

Perturbative QCD, electroweak physics. High precision measurements

require high precision computations! Measurements are as good as our

ability to compute SM expectations!
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• “New Applications” for Lattice gauge Theory.

SM expectations of the muon g − 2, the light-by-light scattering saga.

Proper description of neutrino–nucleon scattering.

• Precision measurements of Neutrino–Nucleus Scattering (e.g. DUNE).

Multi-scale problem at the interface of Nuclear and Particle Physics. Can

we describe neutrino–nucleus scattering at the percent level so we can fully

exploit next-generation neutrino experiments sensitive to percent-level

effects? Need to coordinate HEP, NP, experiment, and theory! Sounds like

a job that can be taken up by the theory group at a National Lab.

• And many more!. . .
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Theory Group at Fermilab – Why?

• The theory group provides unique, invaluable support to the experimental

program. Experimentalists like to hang-out on the third floor (not just for

coffee), bounce ideas off the theorists, ask questions, make requests,

collaborate, . . .

• . . . and vice-versa! FNAL theorists profit from the vibrant experimental

community. A lot of physics happens in the theory–experiment interface.

• It operates as a “hub” for theoretical physics – great place to talk to people,

both in theory and experiment.

• Freedom to pursue a large variety of theoretical physics problems and

explore the facilities available at FNAL, including long-term projects,

technically difficult computations, etc. The theory groups at national labs

pursue research projects that are (a) vital, (b) challenging, (c) often outside

the “auspices” of university research groups.

• And I have not mentioned other intangibles, like service to the HEP

community, etc.
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André de Gouvêa Northwestern

June 7, 2017 FNAL Theory
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