
1976 Nobel Prize for Physics 

. . . t o be shared equal ly be tween 
Professor Bur ton Richter, Stanford 
Linear Accelerator Center USA, and 
Professor Samuel C.C. T ing , Massa­
chusetts Inst i tute of Techno logy Cam­
br idge USA, for their p ioneer ing w o r k 
in the discovery of a heavy elementary 
part icle of a new k ind . ' 

W i t h th is c i tat ion the physics Nobel 
Prize w e n t to Burt Richter and Sam 
T ing w h o led the teams w h i c h f o u n d 
the J / p s i part icle jus t t w o years ago. 
It is rare that discoveries are so rapidly 
recognized by the highest award in 
science. This reflects the dramat ic 
effect of J / p s i on the w o r l d of h igh 
energy physics — so dramatic that 
s ince the events of 1974 , w e talk of 
' the new physics' . 

Sam T ing was born in the U S A in 
1936 of Chinese parents. His early 
years were spent in China in a U n i ­
versi ty env i ronment bu t w i t h o u t 
regular schoo l ing unt i l he w a s 12 years 
o ld . A t the age of 20 he returned to the 
U S A and took a physics degree at the 
Universi ty of M ich igan . His f i rst 
schoo l ing in exper imental techn iques 
was at Berkeley w i t h W. Jones and 
Mar t in Perl and then at CERN w i t h 
Giuseppe Coccon i . He wo rked at 
CERN w i t h Marcel V i va rgen t Klaus 
Winter and Gustaf Weber. In 1965 he 
jo ined Columbia Universi ty, w h i c h 
was then blessed w i t h Leon Lederman, 
Jack Steinberger, Me l Schwar tz , 
T.D. Lee and I.I. Rabi, and a year later 
launched on a long , painstaking p ro ­
gramme of research look ing at lepton 
pairs emerging f rom part icle inter­
act ions. 

The programme started at the DESY 
electron synchrot ron at Hamburg , then 
moved to the Brookhaven pro ton 
synchrot ron and n o w cont inues at the 
CERN Intersecting Storage Rings. 
Dur ing th is t ime, Sam T ing has ref ined 
to a remarkable extent the exper imental 
techniques w h i c h are necessary to 
sif t ou t leptons f rom whatever other 
part icle debris is f l y ing around. He has 

Burt Richter (left) with his wife Laurose 
enjoy a joke with Stan Flatte during the party 
at SLAC to celebrate the Nobel prize award. 
(Photo Stanford News Service) 

A smiling Sam Ting at his experiment at the 
CERN Intersecting Storage Rings where he 
continues the search for leptons which has 
dominated his research life. 

CERN 213.10.76 
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been dr iven by a s t rong in tu i t ion , n o w 
so abundant ly conf i rmed, that good 
physics is h id ing in the s tudy of 
particles w h i c h materialize into lepton 
pairs. 

Burt Richter was born in N e w York 
in 1 9 3 1 . In 1956 he took his Ph.D. at 
Massachusetts Inst i tute of Techno logy 
(where he was part icular ly in f luenced 
by Francis Fr iedman) and moved to 
Stanford to devote his research life to 
electrons since the s tudy of quan tum 
electrodynamics at short distances had 
caught his imaginat ion. A key po in t in 
determin ing his fu ture career was 
invo lvement w i t h Gerry O'Nei l and 
others f rom Stanford and Princeton in 
the bu i ld ing of the 3 0 0 MeV electron 
storage rings w h i c h first co l l ided 
beams in 1965. Dur ing the bu i ld ing of 
this machine he sketched, together 
w i t h Dave Ritson, an out l ine of a 
3 GeV e lect ron-pos i t ron co l l id ing 
beam faci l i ty w h i c h evolved to become 
the famous SPEAR storage r ing at the 

Stanford Linear Accelerator Center. 
The const ruc t ion of SPEAR, under 

Burt Richter and J o h n Rees, began in 
1970 and was comple ted , w i t h great 
rapid i ty and at modest cost, in 1972. 
A t the same t ime he led, w i t h Mar t in 
Perl, Wi l l y Ch inowsky , Gerson Go ld -
haber and George Tr i l l ing, a Berkeley/ 
Stanford team w h i c h bui l t a mu l t i ­
purpose detect ion system sur round ing 
one of the SPEAR interact ion regions. 

This dual role of storage ring 
bui lder and experimenter gives h im a 
rare understanding of the physics 
possibi l i t ies w i t h co l l id ing beams. 
Like Sam Ting he has been dr iven by 
a s t rong conv ic t ion that the e lect ron-
posi t ron system, w h i c h does not have 
the compl ica t ions of co l l id ing hadron 
systems, is a clean w a y to extract 
physics. 

Burt Richter cont inues to pursue 
the same path. He is prominent in the 
experimental programme being pre­
pared for the Stanford PEP storage 

The double arm spectrometer of the MIT/ 
Brookhaven beam which detected electron-
positron pairs coming from the decay of the 
JI psi particle. The measurement of the decay 
in the midst of a very high background from 
other interactions was a triumph of experimental 
technique. 

(Photo BNL) 

r ing. A lso, dur ing a sabbatical year at 
CERN in 1975 -76 , in addi t ion to 
part ic ipat ing in an ISR exper iment, he 
out l ined the physics interest and the 
design of an e lect ron-pos i t ron storage 
r ing w i t h an energy of about 100 GeV 
per r ing. 

The discovery of J/psi 

Returning to 1974 , the story of the 
discovery w h i c h led to the Nobel 
Prize awards bears rete l l ing: 

Sam Ting led a M IT /B rookhaven 
team look ing at col l is ions between 
t w o protons w h i c h y ie lded (amongst 
many other th ings) an electron and a 
posi t ron. The aim was to s tudy some 
of the e lectromagnet ic features of 
particles where energy is manifest in 
the fo rm of a pho ton w h i c h mater ia l ­
ized in an e lect ron-pos i t ron pair. The 
exper iments are not easy to do because 
the probabi l i ty that the col l is ions w i l l 
y ield such a pair is very low. The 
detect ion system has to be capable of 
p ick ing ou t an event f rom a mi l l ion 
or more other types of event. 

It was w i t h long experience of such 
problems behind them that the M I T / 
Brookhaven team led by T ing , Jean 
Auber t , Ulr ich Becker and Peter Biggs 
brought into act ion a detect ion system 
w i t h a doub le arm spectrometer in a 
s l ow ejected proton beam at the 
Brookhaven 33 GeV synchrot ron in 
the Spr ing of 1974. They used beams 
of 28.5 GeV bombard ing a bery l l ium 
target. 

From about Augus t , the realization 
that they were on to someth ing 
impor tant began to g row. The spect ro­
meter was to t t i ng up an unusual ly 
large number of events where the 
comb ined energies of the electron and 
posi t ron were equal to 3.1 GeV. This 
is the classic w a y of spot t ing a reso­
nance. A n unstable part icle, w h i c h 
breaks up too qu ick ly to be seen itself, 
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The famous magnetic detector of the 
Berkeley I Stanford team which surrounds one 
of the intersection regions at the SLAC SPEAR 
electron-positron storage ring. This detector 
found the J/psi and several other members 
of the 'charmonium' family of particles and, 
this year, has added the discovery of charmed 
mesons. 

(Photo SLAC) 

is ident i f ied by add ing up t h e energies 
of more stable part icles w h i c h emerge 
f r o m its decay. 

The part ic le decay ing in to the elec­
t ron and pos i t ron they we re measur ing 
w a s a d i f f icu l t one t o s w a l l o w . The 
energy region has been scoured 
before, t h o u g h no t so tho rough ly , 
w i t h o u t any th ing be ing seen. A lso the 
resonance w a s look ing ' na r row ' — the 
energy sums we re c o m i n g ou t at 
3.1 GeV w i t h great precis ion rather 
than , for example, spann ing f r om 
2.9 t o 3.3 GeV. The w i d t h is a measure 
o f the stabi l i ty of t he part ic le and a 
nar row w i d t h means tha t t he part ic le 
l ives a long t ime. No other part ic le of 
such a heavy mass (over three t imes 
the mass of the p ro ton) has any th ing 
l ike that stabi l i ty. 

By the end of October, the team 
had about 5 0 0 events f rom the 
3.1 GeV part icle and were get t ing 
ready to publ ish their resu l t They 
bapt ised it J w h i c h is a letter close to 
the Chinese symbo l for ' t i ng ' . 

The appar i t ion of the same part icle 
at the Stanford Linear Accelerator 
Center was no th ing shor t of shatter­
ing . Burt Richter descr ibed it as ' the 
most exci t ing and frant ic w e e k - e n d in 
part icle physics I have ever been 
th rough ' . 

The Berke ley/Stanford team w e n t 
into act ion dur ing the w e e k - e n d 
9 - 1 0 November to check back on 
some ' funny ' readings they had seen 
in June , w h e n cross sect ions ( the 
probabi l i ty of an interact ion be tween 
an electron and posi t ron occur r ing) 
were measured w i t h electrons and 
posi t rons at 1.5, 1.55 and 1.6 and 
1.65 GeV energy in each beam. The 
measurement at 1.6 GeV was a l i t t le 
h igh but 1.55 GeV w a s even more 
peculiar. In e ight runs, six measure­
ments agreed w i t h the 1.5 GeV data 
w h i l e t w o were higher (one of t hem 
f ive t imes h igher ) . It w a s J o h n Kadyk 
w h o f irst spot ted the anomal ies. 
Obviously , a greml in had crept into the 

apparatus? Whi le medi ta t ing in the 
f o l l o w i n g months dur ing the t ransfor­
mat ion of the storage r ing, f r om 
SPEAR I to SPEAR II , the greml in 
w a s looked for but not f o u n d . It was 
then that the suspic ion g rew that 
be tween 3.1 and 3.2 GeV col l is ion 
energies cou ld lie a resonance. 

Dur ing the n ight of 9 - 1 0 N o v e m ­
ber the hunt began, chang ing the 
beam energies in 0.5 MeV steps. By 
11.00 a.m. Sunday morn ing the new 
part icle had been unequivocal ly f o u n d . 
A set of cross sect ion measurements 
around 3.1 GeV showed that the 
probabi l i ty of interact ion j umped by 
a factor of ten f rom 20 to 2 0 0 nano-
barns. In a state of euphor ia, the 
champagne was cracked open and 
the team began celebrat ing an i m ­
portant: discovery. 

Wh i le Gerson Goldhaber retired to 
wr i te up the f ind ings ' on - l i ne ' for 
immediate publ icat ion, it was dec ided 
to pol ish up the data by go ing s low ly 

over the resonance again. The beams 
were nudged f rom 1.55 to 1.57 and 
everyth ing w e n t crazy. The inter­
ac t ion probabi l i ty soared higher; f rom 
around 20 nanobarns the cross sec­
t ion j u m p e d to 2 0 0 0 nanobarns and 
the detector was f looded w i t h events 
p roduc ing hadrons. Pief Panofsky, the 
Director of SLAC, paced around the 
contro l room invok ing the Deity in 
utter amazement at w h a t was being 
seen. This heavy part icle, d isp lay ing 
such extraordinary stabi l i ty, they cal led 
psi and they announced it in a paper 
beg inn ing w i t h the wo rds 'We have 
observed a very sharp peak 

W i t h i n hours of the SPEAR meas­
urements, the te lephone wi res across 
the At lan t ic were humming as in forma­
t i on , enquir ies and rumours were 
exchanged. On the M o n d a y morn ing 
f o l l o w i n g the w e e k - e n d of the d isco­
very at Stanford , Sam Ting was at 
SLAC to at tend a schedul ing c o m ­
mit tee meet ing. He w e n t to Burt 
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Dave Jackson's 'very sharp peak' in the 
number of theoretical papers stemming from a 
small number of experimental results. 
It illustrates what the discovery of J/psi has 
meant in attempting to interpret the workings 
of Nature. 

Richter 's of f ice and announced ' B u r t 
I have some interest ing physics to tel l 
you about ' . To w h i c h the reply came 
'Sam, I have some interest ing physics 
to tel l y o u about ' . 

Very qu ick ly af terwards, the elec­
t ron-pos i t ron storage r ings of Frascati 
and DESY were successful ly in on the 
act (DESY add ing some teuton ic prec i ­
s ion and correct ing the SLAC mass 
value s l ight ly by a more accurate ca l i ­
brat ion) and the theorists were let loose 
in pastures n e w where they have 
gorged themselves ever s ince (as is 
amus ing ly portrayed on Dave Jack ­
son's ca r toon) . 

The new physics 

W h y all the exc i tement ! Af ter al l , w e 
cou ld d raw up a l ist o f some 2 0 0 
part icles, before the J / p s i discovery. 
W h y shou ld one more provoke invoca­
t ion of the Deity? The answer lies in 
its extraordinary stabi l i ty. Such a 
heavy part ic le w o u l d normal ly have 
dozens of ways of breaking up and, 
w i t h so many possibi l i t ies open to it, 
w o u l d not stay together for longer 
than about 1 0 - 2 3 seconds. In fact the 
part icle is stable for 10~ 2 0 seconds. If 
a man l ived for 70 0 0 0 years, rather 
than for 7 0 , he also w o u l d be l ikely to 
provoke invocat ion of the Dei ty! 

It is obv ious that there must be 
some special characterist ic of the 
J / p s i w h i c h prevents it f rom breaking 
up. One characterist ic had already 
been mooted for other reasons, t h o u g h 
no conv inc ing ev idence of its exist­
ence had been seen; it is cal led 
'charm' . (The use of everyday wo rds 
to describe part ic le propert ies can be 
con fus ing but w h e n observ ing a c o m ­
pletely n e w phenomenon , it can be 
descr ibed by any w o r d whatsoever. 
The cho ice of w o r d s l ike 'strangeness' 
and ' cha rm ' on ly reveal the l i t t le 
k n o w n fact tha t physic ists are human 
beings capable of indu lg ing their o w n 
wh ims ies . 'Charm ' is s imply the w o r d 

used for a part ic le property that has 
never been seen before.) 

Charm was in the air as a c o n ­
sequence of the d iscovery of neutral 
current interact ions at CERN in 1973. 
Dur ing neutr ino exper iments in the 
heavy l iquid bubb le chamber, Garga-
melle, it was f o u n d tha t the neutr ino 
can col l ide w i t h a part icle and emerge 
f rom the interact ion as a neutr ino. 
Previously on ly charged current 
interact ions, where the neutr ino 

conver ted to a muon , had been seen. 
This d iscovery has broad impl ica­

t ions for the interpretat ion of the weak 
and e lectromagnet ic forces but, for the 
present story, the impor tant conse­
quence is that the existence of neutral 
currents shou ld mean that other inter­
act ions ( l ike the decay of a kaon into 
t w o muons) shou ld be seen. Since 
they are not seen, the n e w property 
cal led charm was proposed (par t ic­
ularly by S.L. G lashow, J . I l iopoulos 
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One of our favourite cartoons from the era of 
the discovery of the J/psi is this projection by 
Bob Gould from SLAC of the reaction of the 
'man in the street' at a time when high energy 
physicists were in a state of euphoria. 
Salutary reminder to all who attempt to 
popularize science. 

and L. Maiani — leading to the nota­
t ion ' the G I M theory ' ) as the reason 
w h i c h prevents the interact ions tak ing 
place. 

It is by n o w we l l establ ished that 
the propert ies of the s t rong ly interact­
ing particles, the hadrons, are carried by 
the quarks f rom w h i c h they are bui l t . 
Prior to 1 9 7 3 / 7 4 , the evidence po in ted 
to the existence of three quarks, cal led 
u (p ro ton- l i ke qua rk ) , d (neu t ron­
like quark) and s (strange quark ) . The 
G I M theory suggested add ing a 
four th , c (charmed quark ) . 

The J / p s i was interpreted as a t w o 
quark combina t ion , a meson, consis t ­
ing of a charmed quark and a charmed 
ant iquark somet imes k n o w n as 'char-
mon ium ' . ( M . B . Einharn and C. Qu igg 
of Fermilab mainta ined that the new 
property shou ld have been cal led 
'panda' . The J / p s i w o u l d then have 
been ' pandamon ium ' w h i c h is a fair 
ref lect ion of the furore its d iscovery 
provoked.) 

The charmon ium interpretat ion of 
the J / p s i is in direct ana logy to the 
interpretat ion of another very stable 
heavy meson, the phi meson. The phi 
is bui l t up of a strange quark and a 
strange ant iquark. Despi te its h igh 
mass of about 1 GeV, it has d i f f i cu l ty 
breaking up because it l ikes to go to 
t w o kaons, w h i c h also each conta in a 
strange quark or ant iquark, so as not 
to lose the strangeness property. But 
the kaons are each of mass about 
0.5 GeV and the phi has not enough 
mass to break up easily in to kaons. 

The stabi l i ty of the J / p s i is then 
interpreted as due to its charm quark 
cons t i tu t ion . It l ikes to go to t w o 
charmed particles w h i c h each c o n ­
tain a charmed quark or ant iquark, so 
as not to lose the charm property. But 
the charmed particles are of too h igh 
a mass to a l l ow an easy break up. 

The idea explains the J / p s i away 
but says a lot more besides. If w e buy 
the idea of a charmed quark w e must 
be able to bu i ld hadrons w i t h it in 

three quark and t w o quark comb ina ­
t ions jus t as w e can bui ld t hem w i t h 
the u, d and s quarks. Thus previously 
unobserved famil ies of part icles must 
exist — for example, mesons such as 
D° ( u c ) , D~ (dc) and baryons such 
as A c (udc ) etc. . . . 

What has been found? 

Whi le the theorists have been wear ing 
ou t penci ls at h igh speed, exper imen­
talists have been searching for s igns 
of the charmed particles. 

Ten days after the J / p s i discovery, 
SPEAR struck again w i t h a second 
psi at a mass of 3.7 GeV. The theorists 
were then able to predict a series of 
mass states of charmon ium — equ i ­
valent to dif ferent conf igurat ions of 
the charmed quark and ant iquark 
orb i t ing one another. (Such c o n ­
f igurat ions have been famil iar f rom 
back in the days of a tomic physics 

w h e n the pos i t ron ium system of an 
electron and posi t ron orb i t ing one 
another was studied.) The storage r ing 
DORIS at DESY and SPEAR at S tan­
ford have n o w c locked up at least 
seven members of the charmon ium 
fami ly , w i t h masses in excel lent agree­
ment w i t h the theoret ical predict ions. 
But these particles are not charmed 
part icles, properly so cal led. The quark-
ant iquark combina t ion cancels ou t 
the charm. 

In look ing for charmed mesons and 
baryons, the clue is the convers ion of 
the charmed quark into a strange 
quark either in semi leptonic decay 
where it w o u l d be accompanied by a 
pos i t ron and a neutr ino or in hadronic 
decay where it w o u l d be accompanied 
by mesons. 

Dur ing 1975 bubble chamber p ic ­
tures of neutr ino interact ions in the 
7 foo t chamber at Brookhaven, in the 
Gargamel le chamber at CERN and in 
the 15 foo t chamber at Fermilab 
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Physics at PETRA 

recorded interact ions w h i c h cou ld not 
be explained by the o ld physics but 
w h i c h f i t ted the new physics pre­
d ic t ions of semi leptonic decays of 
charmed particles. In addi t ion there 
was a lot of evidence, part icular ly 
f rom Fermilab, of the direct p roduc­
t ion of t w o leptons in neutr ino inter­
act ions w h i c h again requires new 
physics for their interpretat ion. 

These observat ions cou ld not, h o w ­
ever, be used to est imate charmed par­
t ic le masses w i t h accuracy ( though 
the Brookhaven event cou ld have a 
good shot at i t ) . Speci f ic ident i f icat ion 
w i t h mass assignments came this year. 
A t SPEAR, the D mesons were seen 
via their hadronic decays — the 
neutral D meson w i t h a mass of 
1.86 GeV and the charged D mesons 
w i t h masses of 2.02 GeV and 2.12 GeV. 
The same mesons have been seen in 
semi leptonic decays on DORIS. A t 
Fermilab the ant iAc baryon w i t h a 
mass of 2.26 GeV has been seen in 
its hadronic decay. 

The p ro -charm evidence is n o w 
overwhe lm ing . 

The discovery of J / p s i rejuvenated 
h igh energy physics. It has revealed 
aspects of Nature's behaviour w h i c h 
were tota l ly unexpected and has 
prompted one of the major advances 
in understanding matter. The award of 
the 1976 Nobel Prize for Physics to 
Burt Richter and Sam Ting recognizes 
th is achievement. 

Wi l l the next generat ion of e lec t ron-
posi t ron storage r ings be as successful 
as those n o w in act ion or even more 
so? The rush of h igh energy physicists 
to the interact ion regions of PETRA, 
the storage r ing under const ruc t ion at 
DESY, indicates a w o r l d - w i d e belief 
that very interest ing physics is go ing 
to be unearthed at centre of mass 
energies up to 4 0 GeV. 

One obv ious reason is that , at 
PETRA, physicists w i l l be penetrat ing 
a new energy region and unexpected 
phenomena may be seen. They w i l l 
also be able to ask some vital ques­
t ions even on the basis of w h a t w e 
k n o w now . For example, is there an 
interference be tween weak and elec­
t romagnet ic interact ions at the new 
h igh energies (this w o u l d be a crucial 
test of the theories w h i c h at tempt to 
uni fy our interpretat ion of the t w o 
forces) . Wi l l R, the ratio of hadron 
produc t ion over muon pair p roduc­
t i on , become asymptot ic at PETRA 
energies, or w i l l a change indicate new 
degrees of f reedom in hadronic matter 
and n e w ' f lavours ' for the quarks to 
add to strangeness, c h a r m . . . ? Are 
there more heavy leptons and, if so, 
w i l l w e begin to see some reason for 
the lepton spectrum? 

On 19 October, the PETRA research 
commi t tee , PRC, met for its four th 
meet ing and had to do some crystal 
ball gazing on all these quest ions in 
order to make recommendat ions on 
the init ial exper imental p rogramme to 
the DESY Directorate. 

In v i e w of the expected interna­
t ional par t ic ipat ion, six exper imental 
halls are under const ruc t ion among 
the e ight intersect ion regions of 
PETRA. One of the d i f f icu l t decis ions 
was to specify h o w many of these 
available halls shou ld already be c o m ­
mit ted at this t ime. Since on ly a l itt le 
more than t w o years remain unt i l the 
s tar t -up of PETRA, some people felt 
that exper iments w h i c h were not 
recommended n o w w o u l d come too 

late for the f irst generat ion. On the 
other hand, a certain f lex ib i l i ty to 
leave the door open for new ideas and 
fu ture proposals has to be preserved. 
As a result of these del iberat ions, it 
w a s dec ided that four interact ion re­
g ions shou ld be commi t ted n o w , 
leaving t w o empty for later decis ion. 
Fortunately, it turns ou t that more than 
one exper iment can be accommodated 
per hall thus , as far as space is c o n ­
cerned, more than four exper iments 
can be instal led. 

The proposed exper iments fel l in to 
t w o classes — those w h i c h are spe­
ci f ical ly designed for PETRA and those 
w h i c h use exist ing apparatus. A l ­
t hough the latter may have some 
shor tcomings, they have the advantage 
of be ing fu l l y tested and debugged 
w i t h a comple te set of analysis 
programs. 

The PRC recommended f ive exper i ­
ments, t w o others, 'PHOENIX ' of an 
Athens / DESY / Frascati / Pisa / 
Rome / Stony Brook / Wiscons in c o l ­
laborat ion and the ' I ron Bal l ' of a 
Pennsylvania / Wiscons in co l labora­
t i on were not recommended, and t w o 
more w i l l be considered at a later t ime. 
The exper iments were approved under 
the f o l l o w i n g cond i t i ons : 

It shou ld be possible to remove the 
instal lat ion f rom the intersect ion region 
and to reinstall it in w o r k i n g cond i t ion 
w i t h i n not more than f ive days for each 
operat ion, since long repairs cannot 
be tolerated at the intersect ion region. 
The instal lat ion shou ld be such as to 
permit a second exper iment to be 
instal led in the same region. The PRC 
w i l l rev iew the preparat ions for exper i ­
ments at regular intervals, and, if 
necessary, priorit ies w i l l be recom­
mended for the instal lat ion of var ious 
exper iments at a later t ime. The run ­
n ing schedule for all exper iments w i l l 
be considered by the PRC at a later 
t ime. 

The quest ion whether four or on ly 
t w o interact ion regions shou ld get 
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