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Supersymmetry is a remarkable possi-
ble symmetry of nature and a subfield
with an odd history. It was proposed in
the early 1970s around the same time as
the development of the standard model
(SM) and during the study of quantum
field theories in other than four dimen-
sions. The well-tested SM of particle
physics is an extraordinary achievement
of a century of physics. It tells us that the
fundamental forms of matter are quarks
and leptons and that they interact via
electromagnetic, weak, and strong
forces in a full, relativistic quantum field
theory to form the world we see.

Yet the SM cannot answer a number
of basic questions, including why the
universe is made of matter and not anti-
matter. It also cannot provide a candi-
date particle for the dark matter of the
universe, nor can it explain why the
electroweak symmetry of the model is
broken by Higgs physics to allow
quarks and leptons to have mass, or
why the weak force is so much stronger
than the gravitational force.

The development of supersymmetry
was unconventional. The theory was
understood slowly and pursued be-
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cause of its beauty, even though it did
not seem relevant to nature. The four-
dimensional version was written a few
years after the SM was developed.
About a decade later, researchers began
to realize that the supersymmetric SM
might be relevant to understanding our
world. Supersymmetry is the only
major theory not invented to resolve a
puzzle or solve a problem.

For a long time only a few books
have described the theory, but
they give little or no discussion
of how to determine whether
nature is supersymmetric and
what that would imply. Steven
Weinberg’s powerful  The
Quantum Theory of Fields: Vol. 3,
Supersymmetry (Cambridge U.
Press, 2000) was limited in its
discussion of ways to test
whether nature was super-
symmetric. At least three new books
on the subject have been published:
Weak Scale Supersymmetry: From Super-
fields to Scattering Events by Howard
Baer and Xerxes Tata; Theory and Phe-
nomenology of Sparticles: An Account of
Four-Dimensional N =1 Supersymmetry
in High Energy Physics by
Manuel Drees, Rohini God-
bole, and Probir Roy; and
Modern Supersymmetry: Dy-
namics and Duality by John
Terning. Two more books have
been scheduled for publica-
tion by now or later this win-
ter: Pierre Binétruy’s Super-
symmetry (Oxford U. Press)
and Michael Dine’s Supersym-
metry and String Theory (Cambridge U.
Press), and both have extensive and
welcome treatments of cosmology and
what might be called string theory for
particle theorists. The three books re-
viewed here are very good texts, each
with its particular strengths. Although
the books are suitable for
those who want to begin
working in the field, nonex-
perts can get substantial in-
sights into the goals and moti-
vation behind the theory by
browsing through the texts.

One way to think of super-
symmetry is that it associates to
each SM particle—electron, top
quark, photon, gluon, and so
forth—a superpartner with a
spin that differs by half a unit, yet all
other quantum numbers stay the same.
The names of the superpartners are
pleasant: superpartners of fermions have
an “s” in front of the fermion’s name (for
example, selectron and top squark), and
superpartners of bosons that transmit
forces have an “ino” suffix (such as
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photino and gluino). Because the super-
partners have not yet been detected, the
physical symmetry between the SM par-
ticles and superpartners must be broken.
Other, more formal ways exist to view
supersymmetry, such as imagining a
world in “superspace” where each di-
mension has an associated quantum-
fermionic dimension.

To establish that supersymmetry is a
symmetry of nature, researchers will
have to detect some of the su-
perpartners experimentally. If
supersymmetry can be estab-
lished, it can provide expla-
nations for some of the prob-
lems mentioned above, such
as the matter asymmetry,
dark matter, and electroweak
symmetry breaking. How-
ever, solving those problems
requires that the breaking of
the supersymmetry does not separate
particles and their superpartner sparti-
cles by much more than a few times the
mass of the heaviest quark. The now de-
funct Large Electron—Positron Collider
at CERN could have found superpart-
ners if researchers had been lucky, but
it did not. The Tevatron col-
lider at Fermilab in Illinois
covers part of the reasonable
mass range; the Large Hadron
Collider, under construction
at CERN, with an initial test
run planned for 2008, is ex-
pected to cover the entire well-
motivated mass range.

Baer and Tata’s Weak Scale
Supersymmetry is the most
phenomenological text, closest to what
will be needed to make detailed inter-
pretations of the data. The book devotes
more than 200 pages to sparticle pro-
duction at colliders, sparticle decays,
and the search for sparticles; it also in-
cludes a chapter on simulations of how
superpartner events would
look in detectors. Baer and
Tata’s book is a good introduc-
tion to practical supersymme-
try theory and offers a helpful
chapter on the superspace for-
malism and material on possi-
ble ways of breaking super-
symmetry. Although other
books that cover the field
focus more on the two-
component formalism, the au-
thors use only the four-component
spinor formalism, which is most practi-
cal for phenomenological calculations.
The text has useful appendixes with
formulas for production cross sections
and sparticle and Higgs decay widths.

Theory and Phenomenology of Sparti-
cles by Drees, Godbole, and Roy is also
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practical. About 300 pages cover the
phenomenology of supersymmetry —
from colliders to dark matter —with sig-
nificant discussion of supersymmetry
breaking and a 30-page chapter on su-
persymmetric Higgs bosons. The book
begins with a good pedagogical treat-
ment of the superspace formalism and
ends with an extensive summary of
Feynman rules. Both Theory and Phe-
nomenology of Sparticles and Weak Scale
Supersymmetry emphasize the minimal
supersymmetric SM, an extension of
the SM that gives every SM particle a
superpartner but adds no new forces. If
supersymmetry were not a broken sym-
metry, the MSSM would add no new
parameters to the SM.

Terning’s Modern Supersymmetry is
quite different. The monograph begins
with a good overview of Lagrangians
and the MSSM. The book’s main focus
is on supersymmetric, relativistic quan-
tum field theories, with good pedagog-
ical treatments of nonperturbative
results. It contains helpful discussions
of the importance of holomorphy,
exact solutions, Seiberg duality, and
Witten-Seiberg theory, with consider-
able attention to formal ways of break-
ing supersymmetry. Baer and Tata and
Drees, Godbole, and Roy offer nice in-

troductory treatments of the important
subject of nonrenormalization theo-
rems via the Wess—Zumino model,
while Terning presents a modern, gen-
eral derivation in a strong chapter on
the power of holomorphy.

If superpartners are indeed discov-
ered at the Tevatron or Large Hadron
Collider, these books will provide valu-
able help and tools in interpreting the
data and in understanding the implica-
tions of the discoveries. The SM pro-
vides a description of how the world
works; supersymmetry, so compelling
to many particle physicists, could begin
to teach us why the world is the way it
is. Having good books on hand will
make such insights easier to develop
and more accessible.

Gordon Kane
University of Michigan
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