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World Year of Physncs‘2005

Einstein in the 2 st Century

"Hélp make 200I5lan_0th er Mfracqiaus Year!

Timed t6 coincide with the 2005 Centennial Celebration of Albert Einstein's Miracylous Year, the World Year
of Physics 2008 will bring the excitément of physics to the public and Inspire a new generation of scentists.
Vigit wwow. physice 2005 org to find out how you can gat invalved.
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Einstein in 1905

* Relativity
— Deduced from Maxwell’s Eqgs.
— Dispensed with the ether

* Photon
— Explained photoelectric effect

— Harbinger of Quantum Field Theory
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QED

* Ampere, Faraday, Maxwell, ...

0, F" =" F™ =" 4" —3" 4"

* Dirac, Born, Jordan, Heisenberg, Pauli, ...

L=—1F"F, +igDy-myy
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Yang-Mills gauge theory

Conservation of Isotopic Spin and Isotopic Gauge Invariance®

C. N, Yaxa t ann R, L. MiLis
Brooklkaven National Laboralory, Uplon, New York
(Received June 28, 1954)

It is pointed out that the usual principle of invariance under isotopic spin rotation is not consistant with
the concept of localized fielde, The possibility is explored of having invariance under local izotopic epin
rotations, This leads to formulating a principle of isotopic gauge invariance and the existence of a b field
which has the same relation to the isotopic spin that the electromagnetic field has Lo the electric charge. The
b field satisfies nonlinear differentinl equations. The quanta of the b field are particles with spin unity,

izotopic spin unity, and electric charge de or zero,

INTRODUCTION

HE conservation of isotopic spin is a much dis-
cussed concepl in recent years. Historically an
isotopic spin parameter was first introduced by Heisen-
berg! in 1932 to describe the two charge states (namely
neutron and proton) of a nucleon. The idea that the
neutron and proton correspond to two states of the
same particle was suggested at that time by the fact
that their masses are nearly equal, and that the light
*Work performed under Lhe auspices of the 1. 5. Atomic
Energy Commission. )
On leave of absence from the Institute for Advanced Study,
Princeton, New Jersey.

W, Heisenberg, Z. Physik 77, 1 (1932),

stable even nuclei contain equal numbers of them. Then
in 1937 Breit, Condon, and Present pointed out the
approximate equality of #—p and n—p interactions in
the % ztate® It seemed natural to assume that this
equality holds also in the other states available to both
the n—p and p—p systems, Under such an assumption
one arrives at the concept of a total isotopic spin® which
is conserved in nucleon-nucleon interactions. Experi-

* Breit, Condon, and Present, Phys, Rev. 50, 825 (1936). ]J.
Schwinger pointed out that the small difference may be attributed
to magnetic interactions [Phys. Rev. T8, 135 (1950)7].

¥ The total isctopic spin T was first introduced by E. Wigner,
Phys. Rev. 51, 1{%) (1937 B. Cassen and E. U, Condon, Phys.
Rev, 50, 846 (1936).
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QCD

e Gross, Wilczek, Politzer, ...
— Scaling in DIS =% Asymptotic freedom

L=—1G"™G,, +iyDy—-myy

where Gl =941 9,47 — g,/ 414
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Why do we study QCD?

 It’s interesting

— Interplay between perturbative and
non-perturbative physics
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CDF, PRL 79, 578 (1997)

M. Kramer, hep-ph/0106120

CDF, hep-ex/0004027

Braaten, Kniehl, Lee, hep-ph/9911436
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Cacciari, Frixione, Mangano, Nason, Ridolfi, hep-ph/0312132
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Y production
Run II
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Weak Interaction

* Also a Yang-Mills gauge theory
— Chiral

— Spontaneously broken
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EXPERIMENTAL OBSERVATION OF ISOLATED LARGE TRANSVERSE ENERGY ELECTRONS
WITH ASSOCIATED MISSING ENERGY AT /s = 540 GeV

UA! Collaboration, CERN, Geneva, Switzerland

G. ARNISON !, A, ASTBURY |, B, AUBERTY, C, BACCI!, G, BAUER!, A, BEZAGUET 9, R. BOCK ¢,
T.LV. BOWCOCK T, M. CALVETTIS, T, CARROLLY, P, CATZY, P, CENNINIZ, §. CENTRO 9,

F. CERADINIY, S. CITTOLINY, D. CLINE!, C. COCHET¥, J. COLAS ?, M. CORDEN®, D. DALLMANY
M. DeBEER¥ M. DELLA NEGRA® M. DEMOULINY, D. DENEGRIE, A, Di CIACCIOT,

D. DiBITONTO Y, L. DOBRZYNSKIZ, J.D. DOWELL®, M. EDWARDS ¢, K. EGGERT %,

E. EISENHANDLERT N.ELLISY, P. ERHARD?®, H. FAISSNER ®, G. FONTAINEE, R. FREY D,

R. FRUHWIRTH! J. GARVEY <, § GEERE, C. GHESQUIERES® P, GHEZ® K.L. GIRONI®,

W.R. GIBSONT, Y. GIRAUD-HERAUDE, A. GIVERNAUDK, A. GONIDEC®, G, GRAYER/,

P. GUTIERREZN, T, HANSL-KOZANECKA® W.J. HAYNES), L.O. HERTZBERGER ?, C. HODGES I,
D. HOFFMANN 2, H. HOFFMANNY, D.J. HOLTHUIZEN ?, R.J. HOMER ¢, A. HONMA f, W, JANK 9,
G.JORAT®, P.LP. KALMUST, V. KARIMAKI®, R. KEELERT, [. KENYON ¢, A. KERNAND,

R. KINNUNEN®, H. KOWALSKI?, W. KOZANECKI ", D.KRYNY, F. LACAVAY, 1..P. LAUGIER X,
J-P,LEESP, H, LEHMANN® K, LEUCHS®, A, LEVEQUEk D, LINGLIN®, E. LOCCI*, M, LORET¥,
J-J.MALOSSE®, T. MARKIEWICZ 9, G. MAURIN @, T. McMAHON €, ]_.P. MENDIBURUE,

M_-N. MINARD ", M, MORICCA, H. MUIRHEAD Y, F. MULLER®, A K. NANDIJ, L. NAUMANNG
A.NORTON Y, A. ORKIN-LECOURTOISE, L. PAOLUZI |, G. PETRUCCIY, G. PLANO MORTARI !,

M. PIMIA ¢, A. PLACCIY, E. RADERMACHER ®, J. RANSDELL " H. REITHLER®, ] -P. REVOLY,

1, RICHE, M, RIUSSENBEEK 4, C, ROBERTSJ, J, ROHLF4, P, ROSSI ¢, €. RUBBIAY, B, SADOULETY,
G,.SAJOT B,G, SALVIT, G, SALVINIE, J. SASS ¥, J, SAUDRAIX K, A, SAVOY-NAVARROK,

D. SCHINZELT, W.SCOTTI, TP, SHAHI, M, SPIRO ¥ J, STRAUSS!, K. SUMOROK €, F. SZONCSO!,
D. SMITH!, C. TAOY, G, THOMPSON!, J, TIMMER 4, E, TSCHESLOG 2, J, TUOMINIEMI €,

§. Van der MEERY J.P. VIALLE®, J. VRANA®, V. VUILLEMINY H.D, WAHL!, P. WATKINS ©,

J, WILSON®, Y.G.XIE9 M. YVERTP and E, ZURFLUH Y

Aachen 8 Annecy (LAPF) ®—Birmingham ©— CERN 9 Helsinki ® — Queen Mary College, London '~ Paris (Coll. de France) &
—Rivergide h_ane L Rutherford Appleton Lak, 1-Saclyy [CEN] k_ Vienng! Collgboration

Received 23 January 1983

We report the results of two searches mede on data recorded at the CERN 5P8 Proton—Antiproton Collider: one for
isolated lange-Eq electrons, the other for large-£'7 newtrinos wsing the technique of missing transverse energy. Both searches
comverge to the same events, which have the signature of a two-body decay of a particle of mass ~80 GeV/e2. The topolozy
as well as the number of events fits well the hypothesis that they are produced by the process p + p— W + X, with w*

— et i where WE is the Intermediate Vestor Boson postulated by the unified theory of weak and electromagnetic inter-

aelitns,
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OBSERVATION OF SINGLE ISOLATED ELECTRONS OF HIGH TRANSYERSE MOMENTUM
IN EVENTS WITH MISSING TRANSYERSE ENERGY AT THE CERN pp COLLIDER

The UAZ Collaboration

M. BANNER' R.BATTISTON'? Ph. BLOCH', F. BONAUDI P K. BORER %, M. BORGIHINI b,
J1..C. CHOLLFTY, A.G. CLARK™, C. CONTA =, P. DARRIULATE, L. Di LELLAY, J, DINES-HANSEN ¢,
P-A.DORSAZ®, L. FAYARDY, M. FRATERNALI®, D. FROIDEVAUXY, J-M. GAILLARDY,
0, {'iILl)i-ZMI:iIS'I'E-.Rh, VG GOGGLY, H GROTE '“, B, HAHNT H. HANMNI® J R, HANSEN b
P. HANSEN®, T. HIMEL h, Y, HL'NGERBI_II]LERh, P JENNI "", 0. KOFOEDFHANSEN -,
E.LANCON FM. LIVANES S LOUCATOSE, B. MADSEN <, P. MANI 2, B. MANSOULIE r
G.C. MANTOVANI ' L. MAPELLIP B MERKELY, M. MERMIKIDES P R M@LLFRUD®,
B NILSSONS ¢ ONIONSE, G PARROUR ™Y F.PASTORE P [1. PLOTHOW-BESCT] b4,
M. POLVERELT J.P. REPELLINY, A, ROTHENBERG Y, A. ROUSSARIE', G. SAUVAGE 4,
J SCHACHER®, 1L, SILGRISTY, HM. STEINER b4 G STIMPFLE, K. STOCKER# J, TUIGERT,
V. VERCESI®, A, WEIDBERG P, H. ZACCONE T and W, ZELLER?
A fahoraioriuen fur Hoclienergle plivsik. Dniveesingr Been, Stdfeesirasse 5, Berm, Switzerfand
b CERN, 1211 Geneva 23, Swirzerlond
© Niels Bl nsioeie, Slegdamivei 7, Copenianen, Denmgrk
4 faboratoire de 1 Acedidrarenr Lindaire, Université de Paris-Sud, Orsav, France
© Dipartimento of Fivies Mucleare ¢ Teovica, Umiversied df Pavie gnd INFN, Sezione of Pavia,
Vig Hasie f, Pavia, Haly
F Comere o Frudes muctéaires de Seelay, Frai

Received 15 February 1983

We report the results of a search Tor single isolated clectrons of high transverse momenium at the CERN fp collider
Above 15 GeVie, four events are found having large missing transverse energy along a direction opposite in azimuth to that
of the h|gh-p.l. electron, Both the configuration of the cvents and their number are consistent with the expectations from
the process p+ p - W+ anvthing, with W =g + ¢, where W " is the charged Intermediate Vector Boson postulated by the
umnificd clectroweak theory.
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Why do we study QCD?

 It’s interesting

— Interplay between perturbative and
non-perturbative physics

 It’s not interesting

— Background to other physics that
we would like to study

Scott Willenbrock - TeVALHC@BNL
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Monojets

EXPERIMENTAL ORSERVATION OF EVENTS WITH 1.ARGE MISSING TRANSVFRSFE ENERGY
ACCOMPANIED BY A JET OR A PHOTON (5) IN pp COLLISIONS AT /5 = 540 GeV

AL Collaboration, CERN, Geneva, Switzerland

We report the observation of five events in which a missing transverse energy larger than 40 GeV is associated with a
narrow hadronic jet and of two similar events with a neutral electromagnetic cluster (either one or more closely spaced
photons), We cannot find an explanation for such events in terms of backgrounds or within the expectations of the Standard
Model.

b Evert &

S e e TR | R s T o o
TR |

T | e
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W — tb

ASSOCIATED PRODUCTION OF AN ISOLATED,
LARGE-TRANSVERSE-MOMENTUM LEPTON (ELECTRON OR MUONY),
AND TWO JETS AT THE CERN pp COLLIDER

UAl Collaboration, CERN, Geneva, Switzerland

A clear signal is observed for the production of an isolated large-transverse-momentum lepton in association with two or
three centrally produced jets. The two-jet events cluster around the W mass, indicating a novel decay of the Intermediate
Vector Boson, The rate and features of these events are not consistent with expectations of known quark decays (charm,
botiom). They are, however, in agreement with the process W — th followed by © — biw, where t is the sixth quark (top) of
the weak Cabibbo current. If this is indeed so, the bounds on the mass of the top quark are 30 GeV/e® < my < 50 GeV/e®.
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Single top
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SU(5) Grand Unification
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MSSM Higgs bosons
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