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I. Introdudion 

I had lhe greal good fortune to join the Imperial College Theoreticil Physics Group 
in 19~9. jll51 two yelrs after It was set up by ProI'esllOI' Abdus Sllam, accompanied by his 
erstwhile PhD supervisor. Paul MlltheWS. It was a time or tremendous excitement and rapid 
progress, and Imperial WIS I beliew: one or the best plICa to be. 

Whit I would like to do lDday is to reclll IOInC or the Olvour or those times, to try 
to lie" you whit it was like. I WIllI to review _ or tlte hilhliJhts or the sixtin fmm 
the perspective or my penonal recollections. and to explain how tlte problems !lCCmed It the 
time. You will not learn any new physics, but perhaps the story or our various mistOllCCptions 
mlY serve IS I clutionary tale. 

Let me emphasi:m: that this Is not Intended u a definitive hi51oric:al aa:ount or the 
development or gluge theories. I am not equipped for such a task; I am not a historian or 
science and I have not tried to condue:t a comprehensive surveyor the literature. Whit I am 
aiming for is I milch more personal story. I wlnt to try to convey how it felt to be a member 
of that community Ind to plnicipate in one or the most exciting developmenl' in theoft:tic:al 
physics in our lifetimes. If in doing 10 I concenlJale on those pans or the story with which 
I WIS most closely involved, I hope I may be forgiven for that degree or bils. 

2. Imperial College in 1968 

What was Imperial like II'OUnd 19601 When I arrived, II Bob DeIIJolqo mentioned, 
we were still pMt of the Mathemltics Depanment, occupying one corridor of the old Huxley 
"uillling which had once been pan or a museum and is now Igain a wing or the Victoria 
and Alben Museum - a purpose to which it is much bener suited! Our rooms were or very 
stran~ dimensions. often high and narrow, because they had been carved out or much IarBer 
areas. My office had only the top half or a windmr. The acoustics were such thlt we could 
~ar every word of the lectures in the Idjacent lecture theatre, and no doubt the students 
could heir everything we said. 
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All the PhD students were c:rowded InIO one..~ 

for tea Ind c:oITee. There were three permanent faculty: Salam and Mlnhews and John C. 
Taylor. I joined IS I lecturer the following year. 

Let me Sly It the stan tMt it is I sn:1t sonow lhIt Paul Mltthews could not have been 
here today, becluse or his tragic: death five yean ago. For mIny ~un. imperial MIS Salam 
Ind Matthews. They mu I superb team, euedy compleme~n,each other's strengths and 
abilities. Paul would hive loved to have been ~ - and if he hid been alive I 1m sure it 
would have been he rather thin I who would be giving this talk. 

One or the grelt things lbout our group in those cuty days waslhat we always hid lots 
or visitors, both long- Ind short-term; our pICItS included Mumy Oell-Mann, Ken JohnlOll, 
John Ward, Lowell Brown, GonIon Feldman and Steven ~lnbelJ. O¥medlll us all was 
Professor Sllam's formidable scc:retary BOOaet. or whom we were all terrified - all, that Is, 
except ProCessor Salam! Personally, I always typed my own JlIIlCI1 rather than face havin, 
to uk her to do it - and maember, there were no word processors thenl 

About I year after I IrriYed we moved into the I'tIysk:s Deplrtmetlt'S new bulldin.. 
The then Head or Department was another formidable and colourful chanc:ter, Pltrick (or 
P.M.S.) Blac:kelt. Generally speaking. Blackett, linin, been brou.... up in the Cavendish 
Laboratory tradition under Lord Rutherford, was ndter sc:onful or the "alue or theoretitaI 
physicists, but he knew I JOOd lIIiII, when he saw one and penuadal Sal-. 10 join the 
rapidly eKpandin, Physics Department. in what is now the Blackett Laboratory. There we 
hid much better moms and facilities. 

3. Ph'" a' 'lIIperW 

What lbout Physics? 
Min' people have for&otten - and perhapI the JOlIftaer antOIII Joe neYer blew - ..... 

in 1960 field theory was widely regarded II Yery pass6. Of coune it had hid Its triumphs: 
fenmnaliat_ theory hid made ICIlIC or the old pmbIem or altraYiolet d1ve1JCllCeI, and 
QED hid been lltlpiflcently YindicalCd, with the predictions or the Lamb shift and the 
mlgnetic IIlOIIIent or the elec:tnJn - it is llill , the IIlOIt Impraslvely Yeriflecl or all 
physical theories. 

But field theory didn't IeeIlI 10 wort for IIIJlhinI ehe, pIIticuI.., IlOl for the """" 
inter8ctions. By 1960 the dontinant ideoIoIJ, especially in c.Hfomla froM where I hid jail 
returned, was S-mllrill theory. k was a Yery atne:tiwe plriloJophy. People a1W1J1l1b 10 
get sometllin, for nothing, ew:n ~ phJsici_ - and it was MIUinI in fact how ,. 
one could go on the bais or a few way simple _plIOllll: rdatiYlstic InYlrialtce. .mtarity, 
cronin, symmetry Ind causality. The IIIOIt radk:aI Yasion or the ideology, the IClf-alllsistent 
bootstrap, had II its aim to get all or SllOn,.intenttion physics from jail theIe principles 
and nothin, ellC. ~ were to be no elemell"" panicles; eftIJdlln. was. bound ItaIIe or 
everything else. 

Of coune. people did _y field theory, often ndter apologetically; they Ioobd 10 field 
theory to pnwide a c:oncrete model or how ICIltering amplitudes should behaYc, panicularty 
to understand their complex ....ylie structure. 

There were, however, a few places in the world wheR field theory was stili ..... 
unashamedly qllll field theory. Imperial CoIIeae was one or them. Harvard was certainly 
lnother; it is very noticeable how many or our visiton O¥a' the next few ,an were Julian 
Schwinger's students fmm Harvard. No doubt there were a few other plICa tool 
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Evcn we wen: IlOl immune from lhc chums 01 S-mabill Ihcury. Mucb 01 my early wort 
was on dispersion Rlalions, as indeed was much 01 Salam's. Salam and Matlhews wroIC an 
influenlial series 01 papers 01\ dispersion re1alions for K -meson-nuclcoo SCailering. BUI aa 
Imperial it was never a m.jor Ihcme. 1bcrc wen: IWO dominanl lhemes: symmetrics and 
gauge Ihccrica. Bocb ia a way laid Ihcie 0I'iai- in Ihc tmnendously successrul concept or 
isospin (Ihcn Ifill usually called iIotopic: spin. or isoIluic spin by purisIS). 

In Ihc cue oIlymmcbics ..... oriJin is fairly obvious. The isospin symmeby belwccn 
pRllOllI and neulRlal1uld shown how IWO lppImIdy dispII'IIC panicles mighl be RaanJcd as 
ditrCRRI IWes 01 a linp fundamcnIaI cnday, Ihc nucleon. The symmcby was generalized 
10 include Yubwa'llRCIOIlI in an irnponanl paper by Nick Kemmer in 1931111- which is 
incidcnlally pcrbapI ClIlC 0I1bo filii pIIICI1lO IugesI dlc oced for a ncull'al CIIImU. Kemmer 
was a very inftuenaial fipn in Bri&isII dlcoRlicaI physica in Ihc immedialc poll-war period. 
He was Paul Maalhcwa' lUpClVisor in Canabridae and he my Head 01 DepanmcRl when I 
wu a Sludenl in Edinburp, luecocdin. Maa 80rD in dlc QIair 01 Malhcmaaical Physics 
in 1953. 

In Ihc forties and fifIics. as .w panicles proIirClalCd, it was llaIunallO by lO bring some 
order inlO Ibis chaos by coJaraing abo lymmcIIy polIp bcyaad SU(2), cspa:ially arler dlc 
discovery 0I1hc new .......... _ber, .........
 

Salam 1uId .udcntI WCIdiIII CIG CYCIY c:oncciv'" polIp - OIl 50(4), on Ga, and so on. 
One Of lhose IludeRll ... Yuval Nc'CIDUD, wIIo 1uId Ihc load fOl'lUllC - or Ihc PRscicacc 
- 10 work on SU(3). From &hal work, and 01 counc from Ihc independent work 01 Murray 
Gcll-Mann, IlCmmcd Ihc cigbd'old way, wilb ill lriumpbanc vindicalion in Ihc discovcry 01 
lhe n-,complcaing Ihc spin-I decuplca. 

Salam himself made lIlUy imponaoa coalribulions Ihcn and laler lo lIIU'Ivclling these 
symmeU'ics, but Ibis was IlOl I 1Iclicvc bia fil1l Iovc. His RaJ aoaJ was always lo lind Ihc 
uhimaIC Ihcory &hal would describe Ihc weak, c1cclromagnclic and sll'OOg iateqclions, and 
cvcn gravily - what we would now cllli a lheory 01 cvcrylbing. DiIicovcring the symmetrics 
provided imporuna clues lo 1hilIbeory, and was IbcRrorc more 01 a means lbaA 11\ cnd in 
ilself. 

From .. cady Ilage, ccrtIinly wen lIcfme I joined Imperial, Salam was convinced ..... 
lhe ullimaIC Ibcory would be a gauge Ibcory. 

I myselr cauplI Ibaa cnlbusium when I arrived at Imperial. I bepa working on gravity 
as a gauge lheory, rollowing ia Ihc pioneering SlCps 01 Uliyam.. whose wort in the fiftics 
121 was menlioned Ihc olher day by LochIaiIlA O'Raifcarlllish 13J. I showed 141lhal in Ihal 
approach ClIlC ralhcr AalW'ally arrivcs al a generalization 01 Ihc Einslein lhcory, involving 
non-zero &onion (as sugcllCd long lIcrorc by Canan), inlCncling wilh the spin densily. 

4. Yana-MiIII dIeor1 

So I come lo Ihc IlaIt 01 my RaJ SlOry: Ihc developmenl 01 unified gauge lheory as I 
saw it. 

O'Raircanaigh gave us a fascinaling accOURl 0I1hc early hiSlOly, bUI rrom my poinl or 
vicw Ihc firsl chapler in the Ilory is when: his ended, wilh Ihc epoch-making PlIper or Yang 
and Mills (51, published in 1954. 

In RlrOSp«1 IheR may 1Ic oIbcn who deserve some or Ihc credil - Wcyl, Klein, Shaw, 
Uaiyama - bul il was undeniably Ihc paper 01 YlIlg and Mills Ihaa caugN people's imagi­
nation. They aniculalCd vcry clearly whal has come lo be known as the ··gaugc principlc" 
- sometimes paraphrased as "NaaW'C abhors a rigid symmetry". 
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I Rmarkcd earlier lhal both our major lhemes - symmebics and gaugc lhcorics ­

grew rrom the success or isospin symmetry. The work or Yallg and Mills was sp«ifically 
in Ibal CORICXI. They argued Ihal a rigid, global isospin symmetry is incompaliblc with 
lhe notion or locality inheRDI in RlaIivislic field lheory. Their poinl was Ihal once &he 
concept 01 isospin symmetry has been acccplCd (and neglecling ror &he momcnl the small 
clecuomagnelic symmeuyobRllking cffecl), il becomes a mailer or arbiulU')' convenlion which 
componenl is idenlified wilh Ihc proton and which wilh the neutron; il is a queslion or how 
ooc chooses ooc's axcs in isospin spacc. BUI illhen seems odd thai making Ihc choicc heR 
and now should aUlomalically fix il Ibroughoul all or space and al aU limel. So &hey asked 
Ihc queslion: can we make isospin inlO a localsymmctry7 

or course, we all know Ihc illSWeI' now, bul il may SliD be instruelivc lo recall lhe 
argumenl, vcry briefly. 

We sWi wilb a Lagnlllgian l invarianl under Ihc rigid isospin IrIIlsformalion 

6~(z) = -i6W·T~(z). . (1) 

when: T = {To} aR the isospin seneralOl'l, saosrying 

(To.7i) = iei,lT•. (2) 

The qucsaion is: can il 1Ic made iavarianl also under Ihc COI'Rspondina local P'IftIformaaion 

6lJI(z) = -i6W(z)·T1jI(z)7 (3) 

The original LaJlllllaWa is IIOl invarianl, because Ihc derivaaive 01 .; lIlInSfonns ~ 

mogeneously. II can be mldc iavarianl by Rplacina 8,.'" by a COI!tll"Mw derivative, 

D,.t/J ~. j),.t/J - igA,..Tt/J, (4) 

wheR A,. = {A,.i} is alriplel 01 gause fields transforming according lo 

~ ~ - I ~ 
6A,. = 61.1 )( A,. - -8,.61.1, (5) 

9 

so Ihal 
6(D,.t/J) = -i6W.TD,.t/J. (6) 

The Lagr.angian ror the gauge ficld musl also be invulllll, and may be taken lo be 

II = _I/: .~ (7)4 ,."r~, 

wheR 
i,." = lJ,.A" - 0,,04,. .. gA,. )( A". (8) 

The greal poinl or all Ibis is Ibal il provides a ruson ror inleraclions lo exiSl, and also 
prescribes a very sp«ilic form ror &he inlCr.aclion. or course the argumenl is DOl ia the nalUR 
or a deduclive proor - no such proof exisls - bul il is a very sirong heurislic argumenl 
rrom symmelry 10 inlcraclion. 
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The gauge principle provided I beaulirul description of the electromagnelic inter8Ctions. 
So it wa5 very natural after the wort of Yang and Mills that people began to look for 'luge 
Iheorie5 of the 5tmng and weak interactions. 

The empha5i5 in the early papers was on finding I gauge theory of 5tmng interaetion5; 
thaI i5 what Yang and MiII5 lhemselves were after. But it wa5 hard to make pmgre55 bn:ause 
no one knew how 10 calculate Inything. Given the large \'Blue of the coupling con5tant, one 
would not upc:ct penurbalion theory to work; of course no one knew then about a5ymJllotic 
freedom. 

So gradually the weak inter8Ctinns began to seem I better bet. There were cenainly 
lanlaliT-ing hints of a 5lnJcture YeIY similar 10 QED. 

S. The V-A inleraction 

The phenomenologically successful theory of beta decay was Fermi's theory involving 
n direct four-fermion inleraclion. This Wl5 obviously non-renormalizable. It was natural to 
suprose that it was really an effective intel'8Ction due 10 the exchange of I ml5sive boson, 
50 that in place of the diapm 01 Figure I one should really have that of Figure 2. 

n 

At- t: The Fennl InIIncIIoll 

ProgreS5 was held up for quite I while becluse 01 experilllCntal results thai weemed to 
show lhat the interaction was predominantly sell.. and tensor rather than YCCtor and Ixi· 
alvector. The real brealtthlOUgh came with IIlOtIter contribution 01 Yang's - the llUgestion 
by lze and Yang 1611hlt parity is noc conserved In weB inleraCtions. AI you III know, lhal 
led directly to the V - A theory 01 Marshak and Sadanhan (111net Feynman Ind GcIJ·Mlnn 
IRI. 

As O'Raifeanaigh mentioned, Salim WlS one oIlhe first people 191 to point out the 
connection between "'1I symmetry and the mlsslessness 01 the neulrino. This is I very 
inleresting and 5ignificant paper. 

n 

FipIe 2: '11Ie 1l..1MlII1IIe ftIl:IIIr .... IIIIIlIIcIm 

The dilCO'efJ oldie V - A IInII:twe of weak l.ttelI«donIln 1957-51 Implied dtIt they 
could be len II tMdiated by teetor bosons, w~. linn IlllUnlly encotmlJin, the idea thll 
they were tleJailled by • PUF theory. 

But IIteIe ........ 10 be .. i.......bIe cfiftlculty: the'" .... oldie W __. 
If the intenetion weft of the ume Ifttladt II elcctnJmapedlllt, the W would line • inISS 
oIlbout 40 GcV. But 01 coarse puninlln • inISS Iemt hi the La,.... would destroy the 
gauge invliance. McRo¥er, the propagatOr 01 • musiYC ¥eCtor field, 

~) -,(,,., - m2 i2 - m2 +iO (9) 

is my tidy beImed .. htfinity and bell tID • IIlIIHeIIlIIIII theory. 
As early IS 1"1, Sal and WIld (101 pmplIIeCI ...fied pal" theory of weak and 

electroll'llgnetic: IIIIa«doI inYoIYinl • triplet 01 ftCtar tneIOIIS with WO identified with 
the photon. They placed the electron, neutrino MId posilron too in • triplet, and llsumed the 
interation • •• 

4.& ="' x ",·W, (10) 
where 

.~ (:~). w. G;:)' (II) 

This was I Yery ingenious theory, but of c:oane they alUld only obtain direcdy the w-iIJ­
ronsening pan ollhe lIlIeak interation. They &enenlted lite parity vioIarion by imposinl on 
the resulting theory Slllm's 15 lnvarianc:e. And they hid to put in lhe W mISS by hand. 
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Two yean later III1 Ihcy lClually proposed a Wlificd Ihcory of wcak, elccb'Olllagnelic 
and strong inleraction.. baled 011 Ihc gauge poup 50(8) - a paper wcll ahead of ias lime, 
foreshadowin.lalCr idea 01 JI'IIId WlilicaliOft. 

BUI Ihcsc Ihcories did IlOl ally wort; DOl' did similar ones proposed by Glashow and 
Olhen. The major obsIacle remained Ihc VCClOl' IIICIOa mass. This wu esscnliallO make Ihc 
imel1lCliOft weak and sbon·raaF, but appamuly incompaIible wiah bolh gauge invarilUlCe and 
rcnonnalizabilily. The only way 1II)'011C knew to make a vectOr-meson lheory rcnonnalizable 
wu 10 make it a .auge Ihcory widl JICIO-IDUI &auF boIonI. 

6. Folk 1beGr-. 

As oflen happens, JIIOIRII wu delayed by a "folk ahccftm". Theorelical physicisis 
have a lendency lO develop sa lhiAas - "Ihcorems"lhal everyone believes and qllOlCs bul 
lIlal lurn OUI IlOl 10 be IIUC, or .. Ieul IlOl applicable to Ihc cues 01 iAlCR:Sl. 

One sucb folk ahccftm wu lbe userlioa dIallbc pholOo IIIUS is uro btclUUt 01 gauge 
invuiaoce. The IhccRm is bi&h1Y plausible. The ~ IDUI is obviously uro, and wilhin 
penurbalion Ihcory Ihc zero mass is IIJIIIRnlIy proICClCd by gauge invariancc. Indeed Ihc 
zero pholon mus wu SCCD u one ollhc pn:diclive IUlXCISCS ollhc gauge principle. 

II was Julian Scbwinaer who poirued oul in 1961 lhal dlis Ibcomn mighl be false 1121. 
This wu anolber ollbe lley papers ia Ihc developmeac of Ihc subject - dIough in a way 
il propapaed a mytb 01 ill OWL For ScbwiAaer said lhaa "gauge invariancc of a vcclol' 
field does DOl necessarily imply laO mass for u auoc:ialCd panicle If lilt cwrtlll VtC'o, 
"0.1;", is s.;tlllly s,,,,,,," (my emphasis). He wu 01 c:oune lbinlting primarily 01 a 
lheory of sDOllg iAlUaclionL But .. firsI sighl his (perfec:lly correcl) SlalCmem seemed 10 

imply IhaIIhc idea would IlOl wort for weak iDlcraclions. Of course wc now undcrsaand lhal 
DOII-peraurbaaive symmeuy breIkinI can occur CYCII ill weak-coupling Ihcories, but dUll wu 
nut 10 obvious II Ihc lime. 

There wu anolher, Rilaled problem lOG - and aIIOIher folk IhcoR:m lO conlend wilh. 
People bepn qiA.lOWanb lhe idea of SponllPCOUlsymmeuy bRaking u lhe origin of lhe 
VCClOl' mesoa muscs. Bua IhcD lbeR: wu Ihc GoIdsIone ahccftm. In one form, dlis slales 
lhat in I Rilalivislic Ihcory, if Ihc Lqrangian bulllOl lbe vacUlllll 5laIC is invarianl under II 

conlinuous symmeuy II'InIfonnalion, IhcRi must exiSi music.. spin-uro panicles. BUI of 
course such panicles werc ruled OUI phenomenologically. 

Becausc ollhe imponanc:e olws issuc, whca Sleven Weinberg came lO Imperial College 
011 sabbalical in 1961-62, IlC and Salam spenl a gRill deal 01 lime aoing over Ihc proof of 
lhe IhcoR:m, collaboraling II long range wilh JeffRiY GoIdsIOllC. This RisuilCd in I paper Ihal 
pvc I very careful and lhoIOugh proof ollhc Ihcorem I Ill· 

To see jusl how inescapable Ihc difficully seemed II Ihc lime, I lbink il is wonhwhile 
recilling Ihc argumenl in ill simplest form. 

Lei '" be Ihc Rilevanl cuneOl, IIlisfying 

lJ,j" =0. (12) 

so Ihal the corresponding charge, 

0= f Jlxl(t.x). (13) 
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is conserved. Suppose Iherc is a fieJd ;(z) whose vacuum expeclation valuc is nol invarianl 
under Ihc symmetry lnUIsfOl1lllliOft, i.t., 

i (OliO. ;(0»10) 'I O. (14) 

Define 
J"(k) - if ~:Uih (Olli"Cz). ;(0)110). (Ui) 

From rcillivislic invariancc, siDa: '" is a funclion of a single four-vcclOl' k", we c:onc:lude 
lhal il musl have the form 

'''(k) = k"19(k2) +e(kO)hCk2»). (16) 

CumOl conservalion, Eq. (l2),1hcn implies 

0= k"," = t 2g(k2
) +e(ko)k2h(k2

). (17) 

So 9 and h can only be proportional 10 Ihc mus-shell della funclion, 6(k2). On Ihc oIhcr 
hand the symmeary-blaking condition, Eq. (14), implies 

f dJc° J(to.O) 'I O. (18)
211' 

Thus h canOOl vlnish. This implies dill theRi are uro-mus StaleS dill couple 10 Ihc vacuum 
Ihrough Ihc currenl in qucslion (and Ihrough ;). 

In condensed-miller physics, coumer-cxamples lO Ihc Goldslone theorem WCRiknown, 
in lhe casc of long-range forceL BUI RillliviSlic invariance seemed lO rule out such a 
mechanism. For quile a while dlis IICCmed a very seveRi OOSIaCIe. ~ro-ml" panicles 
coupled in the approprialC way could DOl possibly have exislCd and esclped delCClion. 

7. Evadinl.1Ie (;oIdslone .heorem 

The nexi Slep in the 5IOfy, II least from my perspeclive, WIS an imponlnl paper by Phil 
Anderson, published in April 1963 1141. The declared aim ollhal paper wu lO exhibit an 
example of Schwinger's suggeslioo lhal in suilable cases a gauge field can acquiRi a mass. 
One example he gave was the plasmon: the fael lhal in I high-dcnsily plasml the pholon 
acquiRis a non-UN "mass", namely lhe plasma frequcncy, 

[;;:;2
m, ="'p1-..- = V-;;;;-. (19) 

BUI lhis paper IIClually did IllUCh more lhan exhibit a special CIIC of Schwinger's mechanism. 
Anderson liso poinlCd OUI, using Ihc example of superconduclivily, how in some cases 
Goldslone bosons "become langled up wilh Yang-Mills gauge bosons and, Ihus. do nol in 
any truc sense have uro mll55". He concluded thai "Ihc GoldslOne zero-mllSS difficulty is DOl 
a serious one, because we can probably cancel il off againsl an equal Yang-Mills zero-miss 
problem". 'Iltis is just whal is now known lIS the Higgs mcchanism. 

'Ibis should have c1caR:d everylhing up. Reading Anderson's paper now, il seems fairly 
sUlighlforwanl, bUI Ihal is IlOI how il seemed II the lime. I have 10 admil ahal one of Ihc 
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rel\~S I stl\ned wortcing on Ihis problem WIS my Intal failun; to undersland Ihll paper. If 
my memory 5eFVeS me Cflfl'eCIly. I lOOk il 10 GerTy Guralnik. and possibly also Dick Ilaflen. 
bolh of whom were on sabbatical It Imperiallhat year. saying "Can you make any sen5e of 
this?" 

Oasically, whal we found hanl 10 under-nlnd was jusl how Anderson had managed to 
eY:M1e the GoId.~I()nc lheorem. It look us quite a long time to app~iate Ihal lhe tlteofem 
octulllly doesn'll\pply to ~lIge symmetries. By the time we reached thaI conclusion. OIhen 
had reoched it 100. The resull wa.~ published independently by Englen and Drool II ~I and 
by Peter Higgs 1161; our paper followed a little laler 1171. 

Of course the reason the Goldstone lheorem does not Ipply 10 gauge lheories is by /IflW 

ycry well known. If one uses a physical gauge such as the Coulomb gauge. then manifesl 
relaliyislic inYariance is losl. On lhe other hand. in a coyarianl gaugc. lhe lheorem does 
apply. bul Ihc predicled ma.~5Icss staleS are unphysical. pure gauge modes. 

So 1963-64 saw a gJal stcp forward. Atlc:asl in principle lhe problem of lhe origin l'6 
mass was solyed. FUl1hcr won: on meR explicit models was done in the nellt few years. by 
Peler Higgs 1181 and by myself 119). among othen. 

II. Dfnouemfnt 

DUI lhere: was ~liII another major hurdle to OYCItOftle. The key remaining difficulty 
was to ~oncile the rcquimnent or unification with the fact that lhe weak inlereaclion8 arc 
parity-Yiolaling. while the electromlgnetic inleractions arc not. In a gauge theory.lhe W* 
h:td to have a neulral panner. Woo At least in lhe simplest models. W* would acquire I 
mass but Wn would not. That wu fine if WO was the photon; but Ihat idea didn'l won: 
bec:DU5e if WO wa~ partnered with W* iltoo would hayc pu1ly-viollling interaclions. 

Once again. there seemed no way out - either one had 1ft unobserved massless puge 
hclSClfl or else a parily-violaling photon. Neither was acceptable. It look lnother Ihree yean 
f... rrot'le 10 reali5C lhat lhe resolulion mIhis dilclnma was, u often happens, 10 8Ct'eJIl 
neither horn. bUI rather I synthesis mthe two. 11Ie eslCnlial key mc:oune wu 10 elltend 
the gauge poop from SU(2) 10 5U(2»)( U(I). 

Actually the solution. or somethin, ¥cry like it, wu IIrcady there in lhe literature. in lhe 
form of a 1961 paper by Sheldon Glashow (20). which proposed 1ft SU(2»)( U{I) mndtl wilh 
milling belween lhe neunl panicles, but of course wilhoul the key c:onc:ept msponlaneous 
symmetry breaking and lhe Higs mechaniSM, 

At Imperial. Salam kept plugl.lway lllhe problem. e.,cilllly in coIlabonlion with 
John Ward. I had quile a few discussions with him about symmetry breaking during lhat 
period. 

As fale would have it. in a sense I missed the ~llOlICment mIhis story. but I would 
slill like to tell you aboul my reaclion to il. 

In lhe summer or 1967. I went to Brookhaven and then on 10 a year's sabbalicll II 
the Univenily or Rochester. In lhe lutumn mlhal year, Salim pYC a series mIeclures II 
Imperial in which he expounded the SU(2) )( U{I) theory. lhough I only heard aboul them 
later - remcmber lhere wu no e·mail lhen, and we slill used nnsatlantic telephones. al 
lea51 from lhe Brilish end. only in dire emelJCocies! The wort he talked lbout was presented 
al a Nobel SymJlO5ium early the followinl year (211. Meanwhile, lhe same model had been 
found independently by Steven ~inberg (221. 

h is easy with hind~ight see the discovery mthe spontaneously broken SU(2»)( U(I) 
theory as a crucial turning point. Bill it is salutory to n:call how it seemed at the lime. 
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When Weinberg's paper appeared in Ph,.. Rn. Letem. Marshak (who mcoone knew 
or my inleresl in such Ihings) uked me to liYC a talt to his weekly discussion puup. 'The 
enlire high eneTJy group used 10 meel replarly once a week In his office - fortunately a 
very big office - for an informal and wide·ranling lCIIIiIIar. VuiouI puup members woulcl 
be asked 10 lalk about Cllciling ruem papen or c:unmt problems. 

So I gave a talk aboul ~inberJ's paper, IIICIlriotlint that S..... and WanI .. been 
won:ing on YCIY similar ideas. I talked about lhe various probIeIIIs one faced ita t:onstnlCting 
a unified theory mweak and electromagnetic: imenc:tions and poi'" ouc ... inFniously 
lhe model a'lOidcd them. The most impottlJlt drinl. I fek. WII I sort mexillettce proof: it 
proved Ihal this ctHlld be clone. I desc:ribed It. 1 1leIieft, u I ~"Iy woncIafal lOy model 
- bul. of course. I said. one cllllllOl seriously believe this his InytlrinllO do with the real 
world! 

In retrospect. I was certlinly mJOPic. But 1ft a -.My teUllftI wen ......y rilhL 
The whole Ihing seemed Much too od IttIc and u&,y. with Its curioal buik·ln uymmeuy 
between the Iert- and right·handed fermions and Its IIFF IlUIIIber mlncIependent "jumble 
panmeten. If one thinks mit II put mthe final. fundllnental theory. it " uatTo IIftly. one 
feels, the Creator was havin, an orr day! But that is llOI the riJht way to loot • it. Seen 
~Iy IS one step IOWIrds a lIiII undiSCOYCRd filllllheory. the Intricate way SU(2»)( U(I) 
filS togelher does have I rem.lble beauty. 

t. Pulltlrripl 

Thlt was by no means the end mthe 1IOry. So f•• declnJ'" ....dotI WII 
conc:cmr.d. thcte were sevcral imponana steps lIin to come: the OtM tneChInIsm In 1970 
123). '1 Houft's proof m rctlOI1IIIlizabilily in 1971 (241. the dist:O\'eIy m neuaal c:unentS Itt 
1973 125). and mthe W and Z bosoM in 1913126.271. 

And mCOUl'5e Salam went on 10 eYCn pinder IIIiIic:ation. for eumpIe in hit won with 
PIli on Icplon-hadmn unifialrion (211'" with StmIIdec 011 ....,mmea, and luperficlels 
(291: I could mention Many othen. 

But Ilthough it is not the end mthe IIOry - iadDecI, win there be 1ft end 10 the ~ 
- it is a good place for me 10 1IGp. . 

Before I do 1IO. however. I woald Uke 10 ....... IlIkIlt the IJeaInnIIII- k WII I 
tremendous pri~ileF 10 be .... mthe teIII'I led by Prorenor Abela ,.... and 10 plllic:1pIIe 
in this .uyage mdiltOYClJ. I cannot lnllaine I place I would rather hfte been durinl thole 
crilic:al Ind ellCitiRl)'Carl. MillY m lIS here, MJleIf Included, owe Pmre.... Salim I IfCII 
debt fot' lhe stimulus, suppon and friendship he his a1VC11 lIS 0YCr many years. I hope that 
Ihis meetinl hu helped In IOlIIC way 10 ellpl'ClS that pllihlde u _II u our WIIII'I aood 
wishes for the fUlure. 

AdtnowWptMnls 

I am araleful to Seifallah Randjlw-Dlemi IIId llis fellow OIpIIizas mthe StJltlIff/tst 
fot' amnginl a YCr)' ellcitinl meetlnl and for 11IYilin1 me to IIYC thil talk. 
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