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Selected Publications of Frank Wilczek, with Brief Commenary

The full bibliography has grown by accretion. It containstga bit of secondary
material (that is, conference proceedings, reviews, anrsle) and lacks cohesive
organization. The following version is less complete, leitér organized. It also con-
tains considerable explanatory material. For most purgasshould be more useful.
To preserve sanity, the numbering of items is the same aindmplete bibliogra-
phy. Quite a few papers straddle the boundary between a&sgbut | always chose
a unique classification.

Nobel Lecture and Biography

In 2004 | shared the physics Nobel Prize “for the discovera®fmptotic freedom in the theory
of the strong interaction”. Laureates are asked to prepangublic scientific lecture for delivery

in Stockholm, and later to supply a brief biography to be mit#d along with it. | took the

opportunity to talk about the wide-ranging scientific impatour work, that extends far beyond
the profound but esoteric paradoxes which provoked it. Bppring the biography, I reflected on
my great good fortune in having supportive people and iatihs.

e 373 Asymptotic Freedom: From Paradox to Paradigra Prix Nobell00-124 (Almqvist &
Wiesell International, Stockholm) (2004)

e 373a Photograpiid, 96

e 373b Biographybid, 97-99

QCD: Foundational Papers

In the first three papers listed below, Gross and | did sevéraigs. We discovered the central
dynamical feature unique to non-abelian gauge theorieat their effective strength diminishes
to zero at short distances or high energy due to quantum eegsing of charge (asymptotic
freedom). We explored many examples, including some vatardelds and some with non-trivial
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weak-coupling infrared fixed points. We proposed one suadlgg#heory, now known as quantum
chromodynamics (QCD), as the fundamental theory of thengtmteraction. And we proposed

specific experimental tests of our ideas. In the fourth papene technical objections to the theory
were cleared up, and in the fifth and sixth papers further grpental consequences, regarding
the pointwise evolution of structure functions, were deglivThe most dramatic prediction, that
protons viewed at ever higher resolution would appear maor more as field energy (soft glue),

was only clearly verified at HERA twenty years later. Itema8early review, was among the first
to discuss QCD as an established theory.

1. Ultraviolet Behavior of Non-Abelian Gauge Theories (wi2. Gross)?hys. Rev. Lett.
30, 1343 (1973).

2. Asymptotically Free Gauge Theories, | (with D. Gro$¥)ys. RevD8, 3633 (1973).

3. Asymptotically Free Gauge Theories, Il (with D. Grog¥)ys. RevD9, 980 (1974).

4. Gauge Dependence of Renormalization Group Parametihs\WivCaswell),Phys. Lett.
B49, 291 (1974).

5. Possible Non-Regge Behavior of Electroproduction $tingcFunctions (with A. DeRu-
jula, S.L. Glashow, H.D. Politzer, S.B. Treiman and A. Zéd)ys. RevD10, 1649 (1974).

e 6. Scaling Deviations for Neutrino Reactions in Asymptallic Free Field Theories (with
S. Treiman and A. Zedjhys. RevD10, 2881 (1974).

e 68. QCD - The Modern Theory of Strong Interactiodg)n. Rev. Nucl. SciVv32, 177
(1982).

QCD: Reflections

Item 235 was my lecture on receipt of UNESCO’s Dirac Medaédts naturally into item 350, my
lecture on receipt of the European Physics Society prizéifgin energy physics. The first of these
is more concerned with putting the early concepts in perspeavhile the second emphasizes how
they’ve evolved, and points to the future. Items 282 and 38parspectives on the broadest im-
plications of QCD. Item 412 is an appreciative comment orré¢fiern of QCD to its historic roots

in the challenges of nuclear physics: Item 429 celebratestitcessful first-principles calculation
of mass and looks beyond.
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e 235 Asymptotic Freedom, Lecture on receipt of the Dirac Me@atober 1994, published
by ICTP, Trieste, Italy. hep-th/9609099 [96-95]

e 282 What QCD Tells Us About Nature - and Why We Should Lidtertl. Phys A663-4,
3c-20c (2000).

e 298 QCD Made Simpl@hysics Todayb3N822-28 (2000).

e 332 QCD and Natural Philosop#nnales Henri Poincard S211-S228 (2003).
e 350 From Concept to Reality to Visideur. Phys. JC33 S38-S42 (2004).

e 412 Hard-Core Revelatiomgature445156 (2007).

e 429 Mass by Numberdature456449 (2008).

QCD: High Temperature

Item 91 is foundational. In it, Pisarski and | applied the eemalization group to the QCD chiral
transition. We argued that for three massless flavors it @odt be a second-order transition,
while for two massless flavors it might be second-order in@{¢) universality class, and in
reality a crossover. This pattern seems to be borne out byenigai simulation work, as explained
in item 407. In Items 181 and 186 the full machinery of the revadization group was brought
to bear on this problem, and a host of universal predictiorssraade, including the existence and
properties of a tricritical point as both temperature andastge quark mass are varied. Some of
these have been tested (crudely) already. | anticipatatifature work many more will be. In Item
189 Rajagopal and | demonstrated a mechanism whereby therit equilibrium after a quench
following chiral symmetry restoration can be accompanigddpbamatic non-thermal radiation.
This suggestion stimulated a lot of activity, both thea@adtand experimental. Finally item 301 is
an extensive review of many aspects of QCD at high temperat/or high density.

e 91. Remarks on the Chiral Phase Transition in Chromodyrafwih R. Pisarski), Phys.
Rev.D29, 338 (1984).

e 181. Application of the Renormalization Group to a SecondedQCD Phase Transition,
Int. Jour. Mod. PhysA7, 3911 (1992). [91/65]

e 186. Static and Dynamic Critical Phenomena at a Second Q@& Phase Transition (with
K. Rajagopal) Nucl. PhyB399(1993) 395. hep-ph/9210253 [92/60]
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e 189. Emergence of Coherent Long Wavelength OscillationierAf Quench: Application to
QCD, (with K. Rajagopal), Nucl. Phy®8404(1993) 577. hep-ph/9303281 [93/16]

e 301. The Condensed Matter Physics of QCD (with K. Rajagdpaidbook of QCled. M.
Shifman 2016-2151 (World Scientific, 2001).

e 407. Did the Big Bang Boil'Nature443636 (2006).

QCD: High Density

This is a cluster of papers wherein the methods of superaiivity theory are applied to QCD
at high density. Item 261 is foundational. In it, we showeat flor three degenerate flavors
there is a beautiful preferred pattern of pairing, that opengap in all colored channels, modifies
the photon in such a way that all elementary excitations hateger charge, and breaks chiral
symmetry by a new mechanism. All this happens at weak cguptira tractable, controlled
theoretical framework. In Item 271 we made the case thatetimered be no phase transition
between this color-flavor locked phase and 3-flavor nucleatten and in Iltem 276 we made went
deeper into the analytic theory, and also considered movefka Item 298 is an enthusiastic brief
review. Item 310 describes the interesting, thin but highiyctured wall that will separate normal
nuclear matter from the much denser CFL phase in neutrorsstaino other phases intervene.

e 248. QCD at Finite Baryon Density: Nucleon Droplets and €&8operconductivity (with
M. Alford and K. Rajagopal), Phys. LetB422 247-256, (1998). hep-ph/9711395 [97/119]

e 261. Color-Flavor Locking and Chiral Symmetry Breaking ilghiDensity QCD, (with M.
Alford and K. Rajagopal), Nucl. Phy&537, 443-458, (1999). hep-ph/9804403 [98-29]

e 266. Imaginary Chemical Potential and Finite Fermion Digneh the Lattice (with M.
Alford and A. Kapustin), Phys. Rel59, 054502, (1999). hep-lat/9807039 [98-67]

e 270. High Density Quark Matter and the Renormalization @nouQCD with two and three
flavors (with T. Schaefer), Phys. LeB450, 325-331, (1999). hep-ph/9810509 [98-90]

e 271. Continuity of Quark and Hadron Matter, (with T. ScleagfPhys. Rev. Lett 82
3956-3959 (1999).

e 276. Quark Description of Hadronic Phases (with T. SchgeRhys. Rev D60 074012
(1999).
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e 280. Superconductivity from Perturbative One-Gluon Exgjein High Density Quark Mat-
ter (with T. SchaeferPhys. RevD601140331-1140337 (1999).
e 283. The Recent Excitement in High-Density QGIDcl. Phys A663-4257¢-271c (2000).

e 302. Enforced Neutrality of the Color-Flavor Locked Phasigh K. Rajagopal)Phys. Rev.
Lett 863492-3495 (2001).

e 310. The Minimal CFL-Nuclear Interface (with M. Alford, K.dgagopal, and S. Reddy)
Phys. RevD64 074017 (2001).

QCD: Diquarks

The attractive force between quarks plays a central rolénatheory of QCD at high density. We
have good control of it at ultrashort distances, thanks tgnagtotic freedom. At larger distances a
more phenomenological approach is called for. I've had séunedirtying my hands with this. In
425, | made a case for a very specific exotic (tetraquark) biadvVe'll see if it materializes!

e 294, Backyard ExoticAlature404452-453 (2000).

358. Quarks, Diquarks, and Pentaquarks (with R. J&fg)sics WorldL7 25-30 (2004).

363. Diquarks as Inspiration and as Objdétsm Fields to Strings: Kogan Memorial 1
ed. M. Shifman 77-93 (World Scientific, 2004).

397. Hadron Systematics and Emergent Diquarks (with A.r®gRingberg 200%d. Grind-
hammer, Kniehl, Kramer, and Ochs 337-356 (2006).

425. QCD Meets BCS Meets QQ, to appear in proceeding®2id Down Under 2(2008).

Heavy Quarks

These papers were all inspired, in one way or another, by dpe@mental discovery of thed/
family of particles, which were beautifully adapted to gemas a demonstration system for the
newly emerging Standard Model. Items 36 and 37 contain &speoriginal uses of QCD. They
have been both developed and “rediscovered” in subseqiteraiure.
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e 11. Remarks on the New Resonances at 3.1 GeV and 3.7 GeV (Wah@allan, R.L.
Kingsley, S.B. Treiman and A. ZedPhys. Rev. Lett34, 52 (1975).

e 12. Weak Decays of Charmed Hadrons (with R.L. Kingsley, Si@iman and A. Zee),
Phys. RevD11, 1919 (1975).

e 13. Weak Decays of Charmed Hadrons, II: Soft Meson Theoravith R.L. Kingsley, S.
Treiman and A. Zee}Phys. RevD12, 106 (1975).

e 32. Instantons and Spin Forces Between Massive Quarks fwiflee),Phys. Rev. Let#0,
83 (1977).

e 36. Low Energy Manifestations of Heavy Particles: Applicatto Neutral Current (with J.
Collins and A. Zee)Phys. RevD18, 242 (1978).

e 37. Effect of Instantons on the Heavy Quark Potential (wittC@llan, R. Dashen, D. Gross
and A. Zee) Phys. RevD18, 4686 (1978).

e 43. SU(3) Predictions for Charmed Meson Decays (with S.nfaei),Phys. Rev. Lett43,
816 (1979).

e 44, Interference Effects in Charmed Meson Decays (with 8inTan)Phys. Rev. Lett43,
1059 (1979).

Standard Model Phenomenology

Item 25 contains, | believe, the first discussion of kine@iatrino mixing, and shows how it can
arise in simple gauge theory models. Item 30 introduced tigg$4gluon-gluon coupling, which
plays a central role in the anticipated phenomenology of gaaticle.

e 25. Rare Muon Decays, Heavy Leptons and CP Violations (witlir&iman and A. Zee),
Phys. RevD16, 152 (1977).

e 29. Sum Rules for Spin-Dependent Electroproduction - TédRealativistic Constituent
Quarks (with S. Wandzuralphys. LettB72, 195 (1977).

e 30. Decay of Heavy Vector Mesons into Higgs Partickisys. Rev. Let39, 1304 (1977).
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e 309. Observability of Earth-Skimming Ultra-High Energyienos (with J. Feng, P. Fisher,
and T. Yu)Phys. Rev88161102 (2001).

Axions, Including Axion Cosmology

In Item 33 | introduced and named the axion. That paper alstaios a discussion of the theoret-
ical background and alternatives that holds up well todagm 78 demonstrates the non-thermal
production mechanism for axions during the Big Bang. Thishmaism established axions as a
plausible dark matter candidate. It also has more-or-lelsgious analogues for many other fields
that appear in hypothetical extensions of the Standard Mddé#ation opened up an alternative
scenario for axion cosmology, with a potential signatureha form of isocurvature fluctuations,
as discussed in items 392 and 424.

e 33. Problems of Strong P and T Invariance in the PresencestdritonsPhys. Rev. Lett.
40, 279 (1977).

e 78. Cosmology of Invisible Axions (with J. Preskill and M. $¥)Phys. Lett.B120, 127
(1983).

e 79. Axions and Family Symmetry Breakimhys. Rev. Let49, 1549 (1982).

e 88. Formation of Structure in an Axion-Dominated Universglf M. Turner and A. Zee),
Phys. LettB125 35, 519(E) (1983).

e 93. The U(1) Problem: Instanton, Axions, and Familons, invHrar Are We from the Gauge
Forces, ed. A. Zichichi (Plenum, 1985).

e 110. Calculations for Cosmic Axion Detection (with L. Kraygd. Moody and D. Morris),
Phys. Rev. Letb5, 1797 (1985).

e 159. Inflationary Axion Cosmology (with M.S. TurneBhys. Rev. Let66, 5 (1991).

e 361. A Model of Anthropic Reasoning, Addressing the Dark tdi@ary Matter Coincidence
Universe or Multiverse ed. B. Carr, 151 (2007).

e 392. Dimensionless Constants, Cosmology and Other Darkekdafwith M. Tegmark, A.
Aguirre, and M. ReedPhys. RevD73 023505 (2006).
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e 424, Axion Cosmology and the Energy Scale of Inflation (with Mertzberg and M. M.
Tegmark)Phys. RevD78083507, astro-ph/0807.1726 (2008).

Supersymmetric Phenomenology: Foundational Papers

Each of the first three papers in this cluster presents an taaplays a continuing major part in
assessing the possible role of supersymmetry in the déiscrigf Nature. In Iltem 56 we discussed
how allowing for low-energy supersymmetry changes theyaigbf coupling constant unification,
raising the scale without grossly modifying the structulre.Iltem 58 we showed how supersym-
metric models based on the group SO(10) (or, of course, a&taggoup) contain a very natural
mechanism for lifting the troublesome Higgs color tripletvery high mass, leaving the doublet
behind. This is now known as the Dimopoulos-Wilczek meshar8everal other alternatives that
appear to me less compelling, but also have their adherermse also first discussed in this paper.
In Item 66 we introduced a discrete matter symmetry suffitbeimanish catastrophic proton decay
in supersymmetric models. It still appears as if this symyner some closely related variant,
is also necessary. Also in this paper we provided the fouodak analysis of branching modes.
Finally Item 172 is an attempt to portray the big picture, fowide physics audience.

e 56. Supersymmetry and the Scale of Unification (with S. Dimdps and S. RabyRhys.
Rev.D24, 1681 (1981).

e 58. Supersymmetric Unified Models (with S. Dimopoulos)Tire Unity of the Fundamental
Interactions ed. A. Zichichi (Plenum, New York, 1983).

e 66. Proton Decay in Supersymmetry Theories (with S. Dimégoand S. Raby)Phys.
Lett. B112 133 (1982).

e 172. Unification of Couplings, (with S. Dimopoulos and S. RaPhysics Today4, Octo-
ber 1991, p.25. [91/63]

Supersymmetric Phenomenology: Special Topics

Items 253 and 269 continue the discussion of proton decayifted models with low-energy
supersymmetry. They were provoked by the SuperK obseantiveutrino mass, which greatly
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encourages this circle of ideas. We point out additionaltdbations to proton decay amplitudes
which arise more-or-less directly from the interactionattigenerate neutrino mass, and try to
provide serious quantitative estimates of the expectexsrdtems 295 and 384 explore focus point
supersymmetry, a promising proposal for the pattern of Skhigaking, while item 299 is a broader
discussion of the implications of low-energy supersymyrfetrdark matter searches. Iltems 385
and 386 explore some novel possibilities for dynamical flaysnmetry breaking.

e 253. Suggested New Modes in Supersymmetric Proton Deciéi, KnS. Babu and J. Pati),
Phys. LettB423 337-347, (1998). hep-ph/9712307 [97/136]

e 269. Fermion masses, neutrino oscillations, and protoaydedhe light of SuperKamiokande
(with K.S. Babu and J. PatNucl. Phys B56633-91(2000).

e 295. Neutralino Dark Matter in Focus Point Supersymmetigh(W. Feng and K. Matchev)
Phys. Lett B482388-399 (2000).

e 299. Prospects for Indirect Detection of Neutralino Darkttdia (with J. Feng and K.
Matchev)Phys. RevD63 4502-4505 (2001).

e 384. Advantages and Distinguishing Features of Focus Beaipérsymmetry (with J. Feng)
Phys. LettB631170-176 (2005).

e 385 General Issues Connecting Flavor Symmetry and Supersymy (with E. Bilgin, B.
Patt, and D. Tucker-SmitiBhys. Lett B63469-73 (2006).

e 386 Example of a Hidden Flavor Sector (with B. Patt and D. Buekmith) hep-ph/0509295
(2005).

Other Beyond the Standard Model Phenomenology

Item 45 was an early model for how to use effective field thielmas to analyze possible devia-
tions from the Standard Model in a systematic way. Item 55amasarly use of higher-dimensional
spinor representations, when this was considered quitemtivous. The use of such spinors re
mains, in my opinion, a promising possible approach to thmiffaproblem. Item 92 was a pio-
neering discussion of the possiblity of deviations from fdais law at short distances, both from
an experimental and from a theoretical point of view. Esakcioriginal is the discussion of

monopole-dipole forces, which | believe remains an impursabject for experimental investiga-
tion. Items 106 and 109 present ideas for neutrino and darkkendetection, that have influenced
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experimental work. Item 286 was commisioned by the diremt@rookhaven National Labora-
tory, Jack Marburger, in response to a kerfluffle in the prelssw possible exotic, catastrophic
risks associated with the RHIC turn-on. We took our job venyosisly — and concluded, correctly,
that no substantial danger was posed. In item 354 | emphasiZeelieve for the first time, the
special sensitivity of the Higgs field, with its dimensiocalipling, as a probe of hidden-sector
dynamics. Item 419 is a grand overview of the state of my (w&leared) expectations, on the eve
of LHC.

e 45, Operator Analysis of Nucleon Decay (with A. Zeehys. Rev. Let3, 1571 (1979).

e 49. Symmetry Relations in Nucleon Decay (with Anya HurlheRhys. Lett. B92, 95
(1980).

e 55, Families from Spinors (with A. Zeephys. RevD25, 553 (1982).
e 92. New Macroscopic Forces? (with J.E. Moodyhys. RevD30, 130 (1984).

e 106. Bolometric Detection of Neutrinos (with B. Cabrera @andKrauss),Phys. Rev. Lett.
55, 25 (1985).

e 107. Solar Neutrino Oscillations (with L. Kraus®hys. Rev. Letb5, 122 (1985).

e 109. Solar System Constraints and Signatures for Dark M@aedidates (with L. Krauss
and M. Srednicki)Phys. RevD33, 2079 (1986).

e 286. Review of Speculative “Disaster Scenarios” at RHIQHWV. Busza, R. Jaffe, and J.
SandweisslRev. Mod. Phys721125-1140 (2000).

e 354. A Constructive Critique of the Three Standard Systehmssics at LHC 2008lato ASI
Vol 54-2004A415-427 (2004).

e 401. Higgs-field Portal into Hidden Sectors (with B. Pattpd/0605188 (2006).

e 419. Anticipating a New Golden AgeUSYOQO7#&ndPerspectives on LHC PHYSI@Ss. G.
Kane and A. Pierce (World Scientific, July 200Bj)t.J.Mod.PhysA 23 1791-181, to appear
in The European Physical Journ@l (2008).

Baryogenesis
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These papers present pioneering discussions of how theoptearon of baryon number viola-

tion, natural within unified gauge models, can lead and &iyi symmetric Universe to evolve an
asymmetry between matter and antimatter, as observed. &¥ewdired the main phenomena for
ourselves, as presented in Item 39, but we were scooped bynoa as we were developing them.
Later we learned that they had been anticipated in a geneegl by Sakharov. Iltem 40 is a clean
discussion of the minimal requirements. Item 50 was thetbrstddress the problem that later

interactions tend to restore equilibrium in a serious, qgtitive fashion.

e 39. Matter-Antimatter Accounting, Thermodynamics, andd&l Hole Radiation (with D.
Toussaint, S. Treiman and A. Ze®hys. RevD19, 1036 (1979).

e 40. Elementary Examples of Baryon Number Generation (witfdussaint)Phys. Lett.
B81, 238 (1979).

e 50. Thermalization of Baryon Asymmetry (with S. TreimaRhys. LettB95, 222 (1980).

e 52. Cosmic Asymmetry Between Matter and Antimattecjentific AmericanDecember
1980, 82.

Other Cosmology

The titles of most of the papers in this section give a pré¢igradea of their subject matter. Items
80-82 were talks at the famous Nuffield conference. Item 3p®es thermal, as opposed to
guantum, transitions between “vacua” or black-hole statiésm 353 is a high-level discussion of
the interface between cosmology and high-energy physickeased to professionals. | liked the
title so much that | took it over for a more popular talk (itefd03 which, in evolved forms, I've
given in dozens of places around the world over several years

e 71. Reheating an Inflationary Universe (with A. AubrechStinhart and M. TurneRhys.
Rev. Lett48, 1437 (1982).

e 72. Might Our Vacuum be Metastable? (with M. Turnéfgture298 633 (1982).

e 74. Positivity Conditions on SU(5) Potentials (with R. Mamiie),Phys. Rev.D26, 3679
(1982).
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e 80. Particle Physics and Cosmology: Foundation and WorRietures, inThe Very Early
Universe eds. Gibbons, Hawking, Siklos (Cambridge University Byé983).

e 81. Fun with Monopoles and Axions, ithe Very Early Universeeds. Gibbons, Hawking,
Siklos (Cambridge University Press, 1983).

e 82. Conference Summary, ihhe Very Early Universeeds. Gibbons, Hawking, Siklos
(Cambridge University Press, 1983).

e 157. Positron Line Radiation as a Signature of Particle Dakter in the Halo (with M.S.
Turner),Phys. RevD42, 1001 (1990).

e 161 Relic Gravitational Waves and Extended Inflation (wittBMTurner) Phys. Rev. Lett.
65, 3080 (1990).

e 163. Cosmological Implications of Axinos (with K. Rajagbpad M.S. Turner)Nucl. Phys.
B358 447 (1991). [90/79]

e 165. Cosmology and Broken Discrete Symmetry (with S. TrixgdPreskill and M.B. Wise),
Nucl. PhysB363 207 (1991). [91/11]

e 346. Thermal Decay of the Cosmological Constant Into Blackekl (with A. Gomberoff,
M. Henneaux, and C. TeitelboinPhys. RevD69 083520 (2004).

e 353. The Universe is a Strange Pladecl. Phys.B Proc. Suppl343-12 (2004).

Quantum Properties of Solitons

In Item 57 we generalized the halving of quantum numbersdesed abstractly by Jackiw and
Rebbi, and in the context of polyacetylene by Su, SchriefiedrHeeger, to a much wider class of
field theories, featuring other fractions. The method us@djng the flow of quantum numbers as
one turns on some external field or control parameter, has hretfully applied to many other
problems since. Several examples are presented in Iltem@89and 104. Item 102 is of some
methodological interest; it identifies a limit in which hgagparticles can be show to spontaneously
form semi-classical bags, substantially deforming theuuac around themselves. Several of the
other papers here are devoted to analysis of exotic dynaarmsnd non-abelian strings. Espe-
cially interesting | think is Item 147, where the conceptd#l¢calized) Cheshire charge was first
introduced. Item 330 goes to the conceptual roots of theifraalization phenomenon. Item 428
introduces a new form of quantum statistics in three spacedsions, and may be foundational.
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57. Fractional Charge on Solitons (with J. GoldstoRbys. Rev. Let#47, 986 (1981).

e 97. lllustrations of Vacuum Polarization by Solitons (Wwikh MacKenzie) Phys. RevD30,
2194 (1984).

e 98. Examples of Vacuum Polarization by Solitons (with R. Mewzie), Phys. Red30,
2260 (1984).

e 102. Possible Form of Vacuum Deformation by Heavy Partigheth R. MacKenzie and A.
Zee),Phys. Rev. Letc3, 2203 (1983).

e 104. Adiabatic Methods in Field Theory, in TASI Lectures ilefaentary Particle Physics,
ed. Williams (TASI Publications, Ann Arbor, MI, 1984).

e 135. Aharonov-Bohm Interaction of Cosmic Strings with Mafwith M. G. Alford), Phys.
Rev. Lett62, 1071 (1989).

e 141. Enhanced Baryon Number Violation Around Cosmic Stifwith M. Alford and J.
March-Russell)Nucl. PhysB328, 140 (1989).

e 147. The Interactions and Excitations of Nonabelian Vedi¢with M. Alford, K. Benson,
S. Coleman and J. March-RusseR)jys. Rev. Leti64, 1632 (1990). [89/69]

e 150. Zero Modes of Non-Abelian Vortices (with M. Alford K. Beon, S. Coleman, and J.
March-Russell)Nucl. PhysB349, 414 (1991).

e 178. Internal Frame Dragging and a Global Analogue of theréinav-Bohm Effect (with
J. March-Russell and J. PreskilBhys. Rev. Let68, 2567 (1992). hep-th/9112054 [91/92]

e 330. Some Basic Aspects of Fractional Chaggdected Papers of J. Robert Schriefel:
N. Bonesteel, L Gor’kov 135-152 (World Scientific, 2002).

e 428. New Kinds of Quantum Statistics, to appear in procegd8pin Poincare Seminar
(2008).

Statistical Transmutation, Anyons, and Chern-Simons Theoy

In this cluster of papers the possibility of fractional ssfts for two-dimensional particles was
introduced and extensively analyzed. Some earlier workisrstibject had been done by Leinaas
and Myrheim, and roughly contemporary independent workeridundations was done by Goldin,
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Menikoff, and Sharp. | discovered the possibility of frantl statstics for myself, and put it in the
context of gauge theories, in the first three items listedweln Iltem 90 Zee and | showed how
baby Skyrmions, appearing in models of magnets, could batigeal as anyons. The Chern-
Simons construction of statistical transmutation is irjpin that paper, made more explicit (and
used!) in Item 94, and spelled out so even the blind can sadtiiin 129. Item 94 also contains a
calculation of the virial coefficient for the ideal anyon g#ss was perhaps the first physical con-
sequence of anyon statistics to be cleanly identified. I@&bchntains a pioneering use of concepts
that later became extremely popular, both in condensedemattd high energy theory, using du-
ality transformations to identify theories with appargnguite different coupling constants. After
an injection of ideas from Laughlin, the analysis of mangipproblems using statistical transmu-
tation became quite sophisticated; this is reflected in dyeeps Items 142, 143, 154, and the book
Item 155. (See also the following group of papers.) Extrgrmgeresting possibilities, as yet in-
sufficiently explored, arise in theories with several Ch€imons fields, particularly when several
distinct two-dimensional planes are involved. Item 24foithices an essentially new phenomenon
in this context, providing limpid models that exhibit coefiment of discrete quantum numbers.

e 64. Magnetic Flux, Angular Momentum, and Statistiebys. Rev. Let¥48, 1144 (1982).
e 65. Remarks on Dyon&hys. Rev. Let48, 1146 (1982).
e 76. Quantum Mechanics of Fractional Spin Particlsys. Rev. Letd9, 957 (1982).

e 90. Linking Numbers, Spin, and Statistics of Solitons (wWithZee), Phys. Rev. Lett51,
2250 (1983).

e 94, Statistical Mechanics of Anyons (with D. Arovas, J.Rhigeffer and A. Zee)Nucl.
Phys.B251, [FS13], 917 (1985).

e 129. Peculiar Spin and Statistics in 2+1 Dimensions (witMBcKenzie) Int. J. Mod. Phys
A3—, 2827 (1988).

e 131. Self-Dual Models witld Terms (with A. ShapereNucl. PhysB320, 669 (1989).

e 132. Field Corrections to Induced Statistics (with A. Galhbr, R. MacKenzie)Mod. Phys.
Lett. A4, 21 (1989).

e 142. On Anyon Superconductivity, (with Y-H. Chen, E. Wittemd B. Halperin))ntl. Jour.
Mod. Phys B3, 1001 (1989).
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e 149. Space-Time Approach to Holonomy Scattering (with Y\ASI), Phys. Rev. Lett65,
13 (1990). [90/2]

e 154, States of Anyon Matteintl. Jour. of Mod. PhysB5, 1273 (1991). [90/29]

e 155. Fractional Statistics and Anyon Superconductivitpanograph and reprint collection,
World Scientific (September, 1990).

e 176. Disassembling AnyonBhys. Rev. Let69,132 (1992). [91/70]

e 241. Cross-Confinement in Multi-Chern-Simons TheoriesHWibrenzo Cornalba)Phys.
Rev. Lett.78, 4679, (1997). hep-th/9703131 [97/22]

e 394. From Electronics to Anyonidahysics WorldL9 22 (2006).

Quantum Hall States

In this group of papers | applied the ideas of Chern-Simore®th and statistical transmutation
more specifically to the quantum Hall effect. Item 100 sththee whole subject. Items 153, 171,
and 218 are applications of the general philosophy mentianghe previous Section to the quan-
tum Hall effect context. Items 229 and 241 partially elutédne new, nonabelian statistics that
arises for the paired Hall (or Pfaffian) state. In this statehose analysis was also pioneered by
Moore and Read, traditional statistical transmutation &@S pairing are present simultaneously.
| am told it is the leading candidate to describe the obseimedmpressible state at= 5/2. Item
249 proposes an interferometric signature, the germ of niartiier developments.

e 100. Fractional Statistics and the Quantum Hall Effecttfidit Arovas and J.R. Schrieffer),
Phys. Rev. Letb3, 722 (1984).

e 153. Heuristic Principle for Quantized Hall States (with Greiter),Mod. Phys. LettB4,
1063 (1990). [90/35]

e 167. Paired Hall State at Half Filling (with M. Greiter and&.Wen),Phys. Rev. Lett66,
3205 (1991) [91/18].

e 171. Exact solutions and the adiabatic heuristic for quarntall states (with M. Greiter),
Nucl. PhysB370, 577 (1992). [91/45]
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e 174. Paired Hall States (with M. Greiter and X.G. WeNycl. Phys.B374, 567 (1992).
[91/66]

e 180. Paired Hall States in Double Layer Electron Systemth(Mi Greiter and X.G.Wen),
Phys. RevB46, 9586, (1992). [92/1],

e 197. Non-Fermi Liquid Fixed Point in 2+1 Dimensions, (with&an Nayak)Nucl. Phys.
B417, (1994) 359. cond-mat/9312086 [93/89]

e 199. Exclusion Statistics: Low Temperature Propertiesctalations, Duality, Applications,
(with C. Nayak),Phys. Rev. Let{r3, (1994) 2740. cond-mat/9405017 [94/25]

e 210. Quantum Hall States of High Symmetry (with C. Nayakycl. Phys.B 450, 558,
(1995). cond-mat/9501052 [94/109]

e 218. Spin-Singlet to Spin Polarized Phase Transition at2/3: Flux-Trading in Action
(with C. Nayak),Nucl. Phys.B 455 493, (1995). cond-mat/9507016 [95/59]

e 222. Quantum Numbers of Textured Hall Effect Quasipai¢ieith C. Nayak) Phys. Rev.
Lett. 77, 4418, (1996). cond-mat/9512061 [95/104]

e 229. 2n Quasihole States Realiz& !-Dimensional Spinor Braiding Statistics in Paired
Quantum Hall States (with Chetan NayalNucl. Phys. B 479, 529, (1996). condmat/
9605145 [96/52]

e 249. A Chern-Simons Effective Field Theory for the Pfaffiana@tum Hall State (with E.
Fradkin, C. Nayak, and A. TsvelikiNucl. PhysB 516,704-718 (1998). condmat/ 9711087
[97-120]

Models of Condensed Matter

This somewhat disparate group of papers contains my adaditiwork in condensed matter theory,
that does not fall comfortably into the earlier categoriéam especially proud of Item 95, which
anticipates the concept of domain wall fermions, which hasesbecome quite popular in high
energy theory, in a concrete condensed matter context. 1&8rdescribes a possible subtle new
form of spin ordering, that exhibits a gap but no easily asdas order parameter, and supports
exotic quasiparticle excitations. | am told it is a leadirenclidate to describe solid helium 3 films.
Items 225 and 233 are among the earliest theoretical paparstopes in cuprates (later than
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Zaanen, but roughly contemporary with Emery and Kivelsahjch have since become a very hot
topic.

e 95. Solitons in Superfluid 3He-A: Bound States on Domain $\V@allith J.L. Ho, J.R. Fulco
and J.R. Schrieffer)Phys. Rev. Lets2, 1524 (1984).

e 136. Chiral Spin States and Superconductivity (with X.Gn\W&. Zee),Phys. RevB39,
11413 (1989).

e 143. Hydrodynamic Relations in Superconductivity, (with Greiter and E. Witten)Mod.
Phys. LettsB3, 903 (1989).

e 209. Space-Time Aspects of Quasiparticle Propagatiorn(RitLevien and C. Nayalht.
J. of Mod. PhysB 9, 3189, (1995). cond-mat/9501050 [94/108]

e 225. Possible Electronic Structure of Domain Walls in Ma#ulators (with C. Nayak)nt.
J. Mod. PhysB 10, 2125, (1996). cond-mat/9602112 [95/111]

e 233. Populated Domain Walls (with C. NayaR}jjys. Rev. Lett78, 2465, (1997). condmat/
9609094 [96/93]

e 348. Spin Dependent Hubbard Model and a Quantum Phase floansiCold Atoms (with
W. V. Liu and P. Zoller)Phys. RevA70 033603 (2004).

e 421. Near-Zero Modes in Superconducting Graphene (withiRe@i) cond.-mat:supr-
con/0709.2626 (2008).

Breached Pairing

In familiar BCS superconductors, pairing occurs betweestsgs whose Fermi surfaces are closely
matched. In quark matter, and in cold atom systems, that iemger a natural assumption, and
some new possibilities open up. A particularly interestinhough delicate — possibility is the
coexistence of normal and superfluid components at zerogetyse in a homogeneous fluid. 1
explored this in several papers.

e 331. Interior Gap Superfludity (with W. V. Lildhys. Rev. Let90047002 (2002).
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e 338. Breached Pairing Superfluidity: Possible RealizatioQCD (with E. Gubankova and
W. V. Liu) Phys. Rev. Let91 32001 (2003).

e 357. Stability Criteria for Breached Pair Superfluidity {wM. Forbes, E. Gubankova and
W. V. Liu) Phys. Rev. Let©94 017001 (2004).

e 364. Breached Superfluidity in P-wave (with E. GubankovaBEnslishchenkoPhys. Rev.
Lett 94110402 (2005).

e 370. Gapless Surfaces in Anisotropic Superfluids (with Eb&@ikova and E. Mishchenko)
Phys. RevB74 184516 (2006).

e 398. Stability Conditions and Fermi Surface Topologies8uperconductor (with E. Gubankova
and A. SchmittPPhys. RevB74 064505 (2006).

Mathematics of Gauge Theory

On a few occassions | have published exploratory mathealatieas that seemed to me especially
pretty or naturally connected to physics, without any imiaedsense of how they might be applied.
Item 26 presented an ansatz for instanton solutions, which generalized form became quite
influential. Item 137 is foundational. Item 254 is a heterodhmit | think extremely intriguing
approach to construction of gravity as a gauge theory. Ongeasof this, which requires less
radical departures than the full program, is the connectimtween the cosmological term and the
guestion whether one should require invariance under vekaimanging transformations.

e 18. Non-Uniqueness of Gauge Field Potentials (with S. DeBérys. Lett65B, 391 (1976).

e 19. Inequivalent Embeddings of SU(2) and Instanton Intevas, Phys. Lett. 65B, 160
(1976).

e 26. Geometry and Interaction of Instantons, Quark Confimeraed Field Theory: Pro-
ceedings of a Conference at the University of Rochesterh&sier, NY, June 14-18, 1976,
Stump and Weingarten, eds. (Wiley-Interscience, NY, 19F7) 211-219.

e 137. Discrete Gauge Symmetry in Continuum Theories (wil.I[Krauss),Phys. Rev. Lett.
62,1221 (1989).
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e 151. Infrared Behavior at Negative Curvature (with C. GglJdNucl. Phys. B340 366
(1990). [90/4]

e 244, Mass Splittings from Symmetry Obstruction (with L. Galba),Phys. Lett.B 411,
112-116, (1997). hep-th/9706014 [97-48]

e 245. Some Examples in the Realization of SymmeMiycl. Phys B 68 (Proc. Suppl.), 367,
(1998). hep-th/9710135[97/116]

e 254, Riemann-Einstein Structure from Volume and Gauge SgtmypPhys. Rev. Lett80,
4851, (1998). hep-th/9801184 [97-142]

Geometric Phase and Applications

In Item 99, Zee and | showed how one could extend Berry’s hsb phase to a nonabelian
setting. Item 112 presents a simple, natural example. ItE20s 123, 124, and 128 demonstrate
the use of gauge theory concepts to describe two problerng imechanics of deformable bodies:
self-orientation (say of divers or falling cats) at zero atey momentum, and self-propulsion (say
of bacteria) at low Reynolds number. Item 130 has becomemalatd reference on the subject.

e 99. Appearance of Gauge Structures in Simple Dynamicale8yst(with A. Zee)Phys.
Rev. Lett52, 2111 (1984).

e 112. Simple Realizations of Magnetic Monopole Gauge FielRiatoms and Spin Proces-
sion (with J. Moody and A. Shaperéhys. Rev. Let6, 893 (1986).

e 120. Geometry of Self Propulsion at Low Reynolds Numberhwit Shapere)Jour. Fluid
Mech.198 557 (1989).

e 122. Two Applications of Axion Electrodynamiddhys. Rev. Let8, 1799 (1987).

e 124, Self-Propulsion at Low Reynolds Number (with A. Shapd?hys. Rev. Let68, 2051
(1987).

e 128. Gauge Kinematics of Deformable Bodies (with A. Shapeken. J. Phys.57, 514
(1989).
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e 130. Geometric Phases in Physics (a text and reprint voladiesd with A. Shapere) (World
Scientific, 1989).

Black Holes

This is a cluster of papers concerned with the quantum thebtylack holes. Items 146, 166,
and 168 demonstrate the existence of quantum hair obsawalbistationary black holes that are
invisible classically, and violate the classical no haietitems. In Item 170 we demonstrate the
internal inconsistency of a purely statistical treatmehmear-extremal holes. In Item 177 Holzhey
and | discussed a class of dilaton black holes that behavérike elementary particles; it later
developed, thatin certain cases these solutions in facbdespond to elementary objects in string
theory. In Items 203 and 205 we show, by tough concrete alounk, how the worst aspects of the
inconsistency can be relieved by enforcing full energy eoration (including gravitational self-
energy). In item 285 we give some substance to the old hieudst that Hawking radiation can
be regarded as spontaneous pair creation by a gravitatidieddl. A line element that is regular
through the horizon and particular well adapted to such c#tions, and has other features of
interest, was introduced in Item 202 (the mathematics,dhaot the quantum physics, of this line
element has a prehistory). In item 372 Robinson and | found@connection between Hawking
radiation and gravitational anomalies: the radiation cass the anomaly in the effective theory
of the black hole exterior. In items 395 and 399 the analysis extended successfully to charged
and rotating black holes.

e 146. Discrete Quantum Hair on Black Holes and the Nonabdizaranov-Bohm Effect,
(with M. Alford and J. March-RussellNucl. PhysB337, 695 (1990).

e 166. Dynamical Effect of Quantum Hair (with S. Coleman anBréskill), Intl. Jour. Mod.
Phys. LettA6, 1631 (1991). [91/17]

e 168. Growing Hair on Black Holes (with J. Preskill and S. Qoéa),Phys. Rev. Lett67,
1975 (1991). [91/32]

e 170. Limitations on the Statistical Description of Blacklew (with P. Schwarz, A. Shapere
and S. Trivedi)Mod. Phys. LettA6, 2353 (1991). [91/34]

e 173. Quantum Hair on Black Holes (with S. Coleman and J.Hfgskucl. Phys.B378
175 (1992). hep-th/9201059 [91/64]



Frank Wilczek 21

e 177. Black Holes as Elementary Particles (with C.F.E. HeyahNucl. Phys.B380, 447
(1992). hep-th/9202014 [91/71]

e 198. On Geometric Entropy, (with Curtis Calla®hys. Lett.B333 (1994) 55-61. hepth/
9401072 [93/87]

e 202. Some Applications of a Simple Stationary Line Elementlie Schwarzschild Geom-
etry, (with P. Kraus)Mod. Phys. LettA 9, 3713, (1994). gr-qc/9406042 [94/46]

e 203. Self-Interaction Correction to Black Hole Radianaeitt{ P. Kraus),Nucl. Phys.B
433,(1995) 403. gr-qc/9408003 [94/61]

e 205. Effect of Self-Interaction on Charged Black Hole Rad& (P. Kraus)Nucl. Phys.
B437(1995) 231. hep-th/9411219 [94/101]

e 265. Global Structure of Evaporating Black Holes (with Mrikla), Phys. Lett. B449,
24-29, (1999). gr-qc/9807031 [98-57]

e 285. Hawking Radiation as Tunneling (with M. ParikPhys. Rev. Lett85 5042-5045
(2000).

e 372. A Relationship Between Hawking Radiation and Grantetl Anomalies (with S.
Robinson)Phys. Rev. Let95011303 (2005).

e 395. Hawking Radiation of Charged Black Hole through Gaugk@ravitational Anomaly
(with S. Iso and H. UmetsiBhys. Rev. Let96 151302 (2006).

e 399. Anomalies, Hawking Radiation and Regularity in RotgtBlack Holes (with S. Iso
and H. UmetsulPhys. RevD74 044017 (2006).

String Theory

Item 119 is one of the earliest papers on T-duality. In Iter@ W& studied black holes in super-
gravity, and demonstrated their dual spectrum. In Item 220p@inted out the non-zero horizon
area of extremal black holes with several charges, showeattiiis area is independent of various
moduli (consistent with its interpretation as an entropypargued from duality that something
very close to the Bekenstein-Hawking formula must be valiidthis preceded by several months
the Strominger-Vafa breakthrough treatment using Dbrahefem 236 Larsen and | made a first
attempt to apply the improved understanding of string blacles to cosmology. Although the
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model presented there is far from complete or satisfactammain convinced that cosmology is
the natural battleground for string theory. In recent yeaifsat battleground has come to appear
a rutted landscape. Item 296 was one of the first attemptstteegeus about dynamics in such
an environment. Item 391 is my take on the issues around rgehgelection and the anthropic
principle. My mind doesn't freeze up when | hear the a-woud Heither am | an enthusiast.

e 119. Compactification of the Twisted Heterotic String (WithNair, A. Shapere and A.
Strominger)Nucl. PhysB287, 402 (1987).

e 169. Dual Dilaton Dyons (with A. Shapere and S. Trivedilpd. Phys. Lett.A6, 2677
(1991). [91/33]

e 220. Internal Structure of Black Holes (with F. Larsedhys. Lett.B 375 37, 1996. hepth/
9511064 [95/92]

e 236. Resolution of Cosmological Singularities (with Finarken),Phys. RevD 55, 4591,
(1997). hep-th/9610252 [96-108]

e 296. Saltatory Relaxation of the Cosmological Term in $trirheory (with J. Feng, J.
March-Russell, and S. SetiNucl. Phys B602307-328 (2001).

e 391. Enlightenment, Knowledge, Ignorance, TemptatiotJniverse or Multiverse ed. B.
Carr, 43 (2007)

Popular and Semi-Popular Pieces

| have long been interested in communicating results fragrfrintiers of physics to the scientific
(and, ideally, the general) public. In recent years | haverasked to do this on a regular basis
for both Nature and Physics Today. As a matter of principlaventried in these pieces to take
on subjects that are under-reported, other things beingaéddany choice pieces are collected in
item 396. In a separate file, I've classified and annotates ¢biection.

e 115.Longing for the Harmonie book] W.W. Norton (January, 1988).

e 116. Virtual Particles [a sonnet] Norton Anthology of LigVerse, ed. Baker, 1986.
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164. AnyonsScientific America264, 5 p. 58 (May, 1991).

193. 102 Degrees in the Shade (preprinted as Hot Stuff: The High Teatpe Frontier),
The Scienceslanuary/February 1994, 22. [93/50]

226. A crack in the Standard ModeRature380, 19-20, (7 March 1996).

246. Panning for Gold at the K Streaiature389, 671 (16 Oct. 1997).

250. Colour Takes The Fieltature390 659 (18/25 Dec. 1998).

251. Neutrino Deficit Challenges Conservation LalNature391, 123 (8 Jan. 1998).

252. Why are there Analogies between Condensed Matter anidl®a heory?,Physics
Today 11 (Jan. 1998).

255. Liberating Quarks and Gluoridature 391, 330-331, (22 Jan. 1998).

256. Back to Basics at High Temperaturdysics Todayl1 (April 1998).

264. Particle Physics: The Standard Model Transcendatijre394, 13-15, (2 July 1998).
267. Nuclear and Subnuclear Boilingature395 220-221 (17 September 1998).

272. The Persistence of Ethehysics Today52, 11-13, (January 1999).

277. Cosmic Molasses for Particle Masddsw Scientist(April 1999).

288. Mass Without Mass I: Most of Mattd?hysics Toda$2N11(1999).

291. Mass Without Mass Il: The Medium is the Mass-aBbysics Todayp3N1 13-14
(2000).

305. Precision Precessiadature41028-20 (2001).
306. When Words FailNature410 149 (2001).

307. A Piece of Magic: The Dirac Equatiolh,Must be Beautifued. G. Farmelo 102-130
(Granta, 2002).

312. Scaling Mount Planck 1: A View from the Bottomhysics Todap4N612-13 (2001).
321. Scaling Mount Planck 2: Base Carftyysics Todap4N1112-13 (2001).

328. Scaling Mount Planck 3: Is That All There 1$°hysics Toda$5N810-11 (2002).
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e 3109.

o 344,

Selected Publications

The World’s Numerical Recip®aedalusl31-1142-147 (2001).

The World’'s Numerical Recip&est American Science Writing 2088. O. Sacks

96-101 (Harper-Collins 2003).

e 324,

Fermi and the Elucidation of MattBermi Remembereed. J. Cronin (U. of Chicago

Press 2004).

e 326.

Four Good Questions With Pretty Good Answeusidamental Physics: Heisenberg

and Beyoncd. G. Buschhorn and J. Wess (Springer 2004).

e 327.

The Social Benefit of High-Energy PhysMsacmillan Encyclopedia of Physics, Sup-

plement: Elementary Particle Physi(&002).

e 335.

e 339.

e 340.

e 345,

e 352.

o 342,

e 378.

Life’s ParameterBhysics Todap6N210-11 (2003).

Analysis and Synthesis 1: What Matters for Mafdrysics Toda$p6N510-11 (2003).
Analysis and Synthesis 2: Universal Characteridibgsics Todagp6N710-11 (2003).
Analysis and Synthesis 3: Cosmic Groundw@&tkysics Toda$p6N1010-11 (2003).
Analysis and Synthesis 4: Limits and Supplemd?hysics Todap7N110=11 (2004).
The Origin of MasRhysic@MIT 24-35 (2003).

The Origin of Mass, [modified from 34 ontline 22N10(2005); Mod. Phys. Lett

A21701-720 (2005).

e 355,

e 356.

e 359,

e 356.

e 366.

e 388.

e 393.

e 400.

From “Not Wrong” to (Maybe) Right\ature428261 (2004).

Whence the Force of F=ma? 1: Culture Shé&tkysics Todap7N1011-12 (2004).
Whence the Force of F=ma? 2: Rationalizati®mgsics Todap7N1210-11 (2004).
Whence the Force of F=ma? 3: Cultural Diverstyysics Todap8N710-11 (2004).
In Search of Symmetry Lodtiature433239-247 (2004).

On Absolute Units 1: ChoiceBhysics Toda$8N1012-13 (2005).

On Absolute Units 2: Challenges and ResporBlegsics Toda$p9N110-11 (2005).

On Absolute Units 3: Absolutely Nd®hysics Todap9N510-11 (2006).
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e 387. Journal Club: Promise that Anyon Particles Hold for Quan Computing Excites the
Physicist Who Named Therature437299 (2005).

e 389. An Explorer and Surveyor [on Hermann WeWhture437 1095 (2005).

e 390. The Universe is a Strange Platepton-Photon Interactions at High Energies, Inter-
national Symposium XX#47-461 (2005).

e 396. Fantastic Realities: 49 Mind Journeys and a Trip to I®tolen, (World Scientific,
2006).

e 402. My Favorites [discussion of favorite booRéw York Academy of Sciences Updkie
(May/June 2006).

e 404. On Magic MomentsSeedNov. 2006 39.

e 405. Archaeopteryx Looks Uplew York Academy of Sciences Updi¢Sept./Oct. 2006).
e 406. Reasonably Effective 1: Deconstructing a MiraPlleysics Todap9N118-9 (2006).

e 414, Reasonably Effective 2: Devil's Advocaihysics TodagON58-9 (2007).

e 416. Fundamental Constan#mazing Light: Tribute to Charles Townesd. R Chiao
(2008).

e 417. Quantum Chromodynamics: Lifestyles of the Small amdpB, Nature Phys 3 N6
375 (2007).

e 422. My Wizard,Physics Todag1N1(2008).

e 423. The Lightness of Being: Mass, Ether, and the Unification ot&® [a book] (Ba-
sic/Perseus, 2008).

Miscellaneous

These are three papers that dont fit naturally anywhere dsm 89 arose out of discussions of the
annihilation of magnetic monoples and antimonopoles iretdrdy Universe, but quickly took on a
different flavor. We discussed how a proper treatment ofigifaictations can invalidate the usual
treatment of chemical kinetics, which implicitly assumembgeneity. Later authors including
Cardy developed a very pretty renormalization group analg$ the phenomena we found here,
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and generalizations. Item 214 is the only observable tip wileh larger iceberg representing my
interest in quantum computing. In itself it is a clever papénink, but it was rapidly overtaken by
the explosive development of the field. Finally in Item 278liseuss how some extremely simple,
symmetric potentials can be shown both analytically anderically to develop an exponential
set of inequivalent local minima.

e 89. Particle-Antiparticle Annihilation in Diffuse Motiofwith D. Toussaint),Jour. Chem.
Phys.78, 2642 (1983).

e 214. Realization of the Fredkin Gate Using A Series of Oned Awo-body Operators,
(with H.F. Chau)Phys. Rev. Left5748 (1995). quant-ph/9503005 [95/15]

e 278. Minimal Potentials with Very Many Minima (with Marin §acic). Phys. Rev. Lett.
84, 2285-2289, cond-mat/9904190 [99-39]

Special

These are five pieces | prepared for special occassions. & pattof thought into them, and | am
pleased with how they came out. Implicitly, and in part esiphi, they present my vision of physics.
Item 238 was prepared as part of the celebration of the 2560theersary of Princeton University.
Item 259 was prepared as part of the American Physical Sp€iettennial volume. Item 274 was
prepared as a special News and Views Feature for Nature. Réthwas prepared for a special
supplement issue of Nature, also designed to celebrateethieiy in physics. It is brief, but of
very broad scope. Item 430 is both a tribute to one of my s@ieheros, and an anticipation of
my plan to aim for a new synthesis.

e 238. The Future of Particle Physics as a Natural Sciencdighed in Critical Problems in
Physics in celebration of the 250th Anniversary of Prinnetmiversity, November 1996,
eds. Fitch, Marlow, and Dementi, Princeton University Bredso inint. Jour. Mod. Phys.
A 13, 863, (1998); also itMagazine of Physics, Science & Idegs#212-25, (Dec. 1996).
hep-ph/9702371 [97-11]

e 259. Quantum Field Theory, in the American Physical Sodi#gtenary issue dev. Mod.
Phys. 71, S85-S95, (1999)More Things in Heaven and Earth: A celebration of Physics
at the Millennium ed. B. Bederson, (Springer-Verlag, New York), (1999). -t®803075
[98-20]
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e 274. Getting Its from BitsNature397, 303-306 (28 Jan. 1999).

e 279. Reaching Bottom, Laying Foundatiohigture special issue A Celebration of Physics,
for American Physical Society 100th anniversay, 4-5, (Ap909).

e 430. Introduction td’hilosophy of Mathematics and Natural Scien@ghor Herman Weyl,
(Princeton University Press, 2008)



