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PREHISTORIC humans long knew about

manifestations Lodestones, rocks that exert
-

ancient times. Likewise, it was known that

R fur sometimes makes sparks when it is

be rubbed and that lightning at times lights up
be the sky. An ofcourse photons—or the lightLf A) waves that they comprise, a form of electro-

A = magnetic radiation—are detected all the
e

time by the human eye

zB ri sible for certain forms of radioactive decay,
ae | (eG tp took late 19th-century sclence. Studying

o% x Pa ’ them in detail required the technology of
—— (Sy |] the latter part of the 20th century.

Y i Yet when theoretical understanding ofthe
.

«\ ; weak interactions finally dawned in about~% rs \ s/ 1970 with the rise of the standard model of& i particle physic, it became clea that elctro-
» \ sides ofthe same coin, Inthe very early Unie

g Ff % ‘equally powerful and prominent. The ditfer-; fs, Ris Ri tRoap ‘ence between them arose spontaneouslyy It's the missing piece ‘when the Universe expandedand cooled.Pe eae NWS What does this mean, in plain language?
. puzzle, and it Could tell — North Poe is cold, while central Aftica, on

a ol :
the equator is hot. Thisis not because there: US a great deal ADOUt —isaninnerentaitference berween the NorthInivel ers Pole and Africa. Rather, it results from thethe Universe We live in. gert’s motion. he Ears climate deter

Leading theoretical mined by the way it revolves around the
physicists Gordon Kane motion, the North Pole is frigid and the
(left) and Edward Witten “ro pursue the analogy, we might thinkof
(above) explain why basic particles that transmitthe weak interthey're

convinced that en oleae Cone am opethe Higgs particle is of light. In the standard model of particle

just waiting to be building blocks, such as electronsandquar.ere Forces between particlesare transmitted bydiscov ere d other particles, such as photons, the carrier
tices, the basic particles that transmit the

knowin about light. By contrat, the North

Re Pole and the effects of the W and Z particles
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x Pa 5 sophisticated particle accelerator that

. a tagl } ( the North Pole as being frigid and hard to

ae aaas4 ae ticle physics, the difference comes because of
Rae after Peter Higgs, one of the originators of

: AGES re Guana of aire Sela called ee HlggsDER ~ field) wtiichwas zero in the very eatly Uni-
: \ , Universe cooled—fust as the motion of the

+ | ¢ i <4) dust and gas surrounding the early Sun,
SS , a the W and Z—are inaccessible, and whichra

S

‘one—the photon—is obviousin daily life.

i \\ must really be something in nature that plays2 3 i i the role of the proposed Higgs particle
>) \) ae According to the standard model, the Higgs

A ‘ ‘ones because of its role in determining what

” particles and forces are postulated to do the$ job that the Higgs particle does in the stan-

“S is lekpertmerit ecides this quertod

=. rarilardicncdel pieture of elataicaal tiles

ri . sy aspects of the standard model, apart from“iia
dad saeFiche the Higgs particle, have been spectacularly



work forall the particle, while other app- §

effective starting point for unified field 3 * .
theories, and string theories, that seek to i ¢ 4

These theories are attractive but unproven. iS r
Our hope is that, along with discovering the y

deeper eve

The standard model is tested most directly ae
by accelerating particles to very high ener- [au .

laboratories in Europe (CERN, and DESY in B&
Hamburg), the US (especially SLAC in Cali i bis

Japan (the KEK laboratory.

particles, the top quark, and the tau neu- fe - ii . ‘
trino, Also, numerous standard model pre- KG eli \dictions for details of elementary particlere- / ie i .
Large Electron Positron (LEP) acceleratorat I Ci ge aCERN. They behaved in accord with the MMMM = q as
standardmodel to a very high degree BZ, h >» he G2 z

the theory plus other experiments. this is aa aia 4 yy ty Uypossible Because the standard model isa QAM Se / YYYj.mathematical theory that describes many a /i\ Wwe

Tave alreadybeen done / ¥ Wy‘experiments have
already been done J Yilider that discovered the W and Z particles, MAA MMM A(CERN knew just what energy was necded

theory pus experimentsalready performed. GeV respectively them, Finally, the tests of the standard model



= ’ actually do much more than we aveso farMam Sp, 5 a suggested. To explain why, we must explainEe 2 the third reason for surmising that the

© BP standard model theory of the Higgs particle

CY aed point for unifying the forces of nature.te : ‘The standard model describes three ofthe
XO i j Hy forces of nature: electromagnetism, the
<Q Sie A teractionsand che mca fore.AY WWea] — omits only gravity. With the help of the

\ \\ We / the electromagneticand weak interactions
j NN (Can we go furtherand build

a unified field}| \\ if . theory ofall three standard model forces?
Aip) i\ fh beautifl strategy for doing so was proposedip ) almost 30 years ago in the “grand unified1h ) theory’ of Howard Georgi and SheldonAll \_— | Glashow, which drew on eatllerwork byANY | \) eaeFr Jogesh Pati and Abdus Salam, The preciseSS Mi ste, ‘measurements performed since then have

:

of the three standard model forces are just

the Higgs particle weighs less than about THERE |S VERY tightto make grand unification work
200 GeV, and less than about 160 GeV with ] But theresa catch: grand unificationonlyhigh confidence. Diet experiments have GOOD INDIRECT snakes sensei the standard model concept
swept through roughlyhalf of the expected EVIDENCE, AND A. ofthe tiggs partici is right. So either this is
or end probably aa Fot goal of 0a HINT OF DIRECT  tiicecoupingstrength shown inthe Parepiri rec 2g MIDI: =see
How farhas experiment current reached? nature on unwary physicist.

re et epenentl bound on tgs THAT HIGGS "Ani rsnoteonly xe, or grandparticle massis that tisatteat 1138Gev, PARTICLES DO EXIST’ unification towork,oneatsoneedstoassume
suming the validity of the standard model supersymmetry. To explain supersymmetry‘This measurementwas made by the extra- present, the highest energlesinthe world are _propely is a subject for another article. Butordinarily successful LPcollider which also attained atthe Tevatron collider at Fermilab, in brlf, supersymmetry is an enrichment
Carried out many of the most accurate which recently resumed operation after an of Elnstln’s theory of special relativity to
Standard model ets. When the finalstageof upgrade to provide more Intense particle include quantum variable inthe structure ofLEP was built was expected to search for beams, If it performs as planned, it will be space-time. Itrelates the quarks and electrons
Higgs particles up to an energy ofabout 108 able to discover Higgs particles up to about tothe particles that transmitthe ores. It pre
GeV By straining everything tothe limit, LEP 180 GeV within several years, and hopefully dietsnew particles, partnersfor the particlesengineers were able to operate the machine confirm or exclude by 2004 the hint from LEP. _ wealeady know, that shouldbe discovered at
beyond its design, making it possible to Beyond the Tevatron, the next big step inthe Tevatron and LHC and future facilities
search for the Higgs up to 113.5 GeV. energy will come with the commissioning such asa linea electron collider. It offers a
Famous, in the closing stage of the LEP of the Large Hadron Collider (LHC) at CERN, window to grand unification and beyond
programme,ahint was foundofadiscovery scheduled for 2006, It is expected to have that to the even more ambitious stringbf the Higgs particle with a mass of very roughly seven timesthe energyofthe Tevatron theory, which may unify gravity along withneatly118 GeV. Unfortunately,LEP did not andconsiderablymore intense particle beams. the other forces. Supersymmetryaffects the{gite have the energy and intensity to estab- The LHC will coverthe wholerange of Higgs _detalls of searches for Higgs particles but notish this conclusively orruleit out. Sowe will particlemasses up to200GeV and{farbeyond, the general idea.
hve to await future experiments. nd should find the Higgs particle, or what- If supersymmetry 1s discovered, it will

“Thus the motivation for proving the ever does the job that Its supposed to do, put physics on a new level. It will enable

existence of Higgs particles Is as song or whether its the standard model theory of experimentersto make many important andStronger than ever, and there Is very good the Higgs particle that proves tobe comector exciting measurements and give a boost to
tvidence, that theydo in factexst. Justas Finding and studying the Higgs particle and deeper insights beyond that. adirect observation of the top quarkremained exploring the standard model at yet higher

elusive until falities with suficient energy energies makes an exciting mission. And the Gordon Kane iat he Univers o Michigan,
and intensitywere avallable, so Itsnow for properties of the Higgs particle wil point 10. jan arborHiggs particles. few developments. There ls a good chance Edward witen sate Intute for Advanced

Where ill thenext results come fom? At thatthe LH, and possibly the Tevatron, will Std, Princeton, New Jersey


