
The new particles 

A n y o n e in t o u c h w i t h t h e w o r l d o f 
h i g h energy phys ics w i l l be w e l l 
awa re of t h e fe rmen t c reated by t h e 
n e w s f r o m B rookhaven and S t a n f o r d , 
f o l l o w e d by Frascati and DESY, o f 
t h e ex is tence o f n e w par t ic les. Bu t 
n e w par t ic les have been unea r thed in 
p ro fus ion by h igh energy acce lera tors 
d u r i n g t h e past t w e n t y years. W h y t h e 
exc i t emen t over t h e n e w d iscover ies? 

A brief answer is t ha t t h e par t ic les 
have been f o u n d in a mass reg ion 
w h e r e t h e y w e r e c o m p l e t e l y u n ­
expec ted w i t h s tab i l i t y p roper t ies 
w h i c h , at th is s tage of t h e g a m e , are 
c o m p l e t e l y inexp l i cab le . In th is ar t ic le 
w e w i l l f i rst desc r ibe t h e d iscover ies 
a n d t h e n d iscuss s o m e of t h e s p e c u l a ­
t i o n s as t o % w h a t t he d iscover ies m i g h t 
m e a n . 

W e b e g i n at t he B r o o k h a v e n N a ­
t i ona l Labora to ry w h e r e , s ince t h e 
S p r i n g o f th i s year, a M I T / B r o o k h a v e n 
t e a m have been l o o k i n g at co l l i s ions 
b e t w e e n t w o p ro tons w h i c h y i e l ded 
( a m o n g s t o ther t h i ngs ) an e lec t ron 
and a pos i t ron . A series o f expe r imen ts 
o n t h e p r o d u c t i o n o f e l e c t r o n - p o s i t r o n 
pairs in par t ic le co l l i s ions has been 
g o i n g o n fo r a b o u t e igh t years in 
g r o u p s led by Sam T i n g , m a i n l y at t h e 
DESY s y n c h r o t r o n in H a m b u r g . T h e 
a im is t o s t u d y s o m e of t h e e lec t ro ­
magne t i c features o f par t ic les w h e r e 
e n e r g y is man i fes t in t h e f o r m of a 
p h o t o n w h i c h mater ia l izes in an 
e l e c t r o n - p o s i t r o n pair. The e x p e r i ­
men ts are no t easy t o d o because t h e 
p robab i l i t y tha t t h e co l l i s i ons w i l l 
y i e ld such a pair is ve ry l o w . The 
d e t e c t i o n sys tem has t o be capab le o f 
p i c k i n g o u t an event f r o m a m i l l i on 
or more o ther t ypes o f event . 

It w a s w i t h l o n g exper ience o f 
s u c h p rob lems b e h i n d t h e m tha t t h e 
M I T / B r o o k h a v e n t eam led by T i n g , 
J . J . A u b e r t , U.J . Becker and P.J. B iggs 
b r o u g h t in to ac t i on a de tec t i on sys tem 
w i t h a d o u b l e arm spec t romete r in a 
s l o w e jec ted p ro ton b e a m at t h e 
B r o o k h a v e n 3 3 GeV s y n c h r o t r o n . 

T h e y used beams of 28 .5 GeV b o m ­
bard ing a be ry l l i um target . T h e t w o 
spec t romete r arms span o u t at 15° 
e i ther s ide o f t he i nc iden t beam d i rec ­
t i o n and have magne ts , Che renkov 
coun te rs , m u l t i w i r e p ropo r t i ona l c h a m ­
bers, sc in t i l l a t i on coun te rs and lead 
glass coun te rs . W i t h th is array, it is 
poss ib le t o iden t i f y e lec t rons a n d p o s i ­
t r ons c o m i n g f r o m the same sou rce 
and t o measure the i r energy . 

From a b o u t A u g u s t , t h e rea l izat ion 
t ha t t h e y w e r e on t o s o m e t h i n g i m ­
por tan t began s l o w l y t o g r o w . The 
spec t romete r w a s t o t t i n g up an u n ­
usua l l y large n u m b e r o f events w h e r e 
t h e c o m b i n e d energ ies o f t he e lec t ron 
and pos i t ron w e r e equa l t o 3.1 GeV. 
Th is is t h e classic w a y o f s p o t t i n g a 
resonance. A n uns tab le par t ic le , w h i c h 
breaks up t o o q u i c k l y t o be seen itself, 
is i den t i f i ed by a d d i n g up t h e energ ies 
o f more s tab le part ic les w h i c h emerge 
f r o m its decay . L o o k i n g at m a n y 
in te rac t ions , if energies repeated ly add 
up t o t he same f i gu re (as o p p o s e d t o 
t h e o ther poss ib le f igures all a r o u n d 
i t ) t hey ind ica te tha t t he measured 
par t ic les are c o m i n g f r o m t h e break 
up o f an unseen par t ic le w h o s e mass 
is equa l t o t h e measured s u m . 

The t e a m w e n t t h r o u g h ex t raor ­
d ina ry c o n t o r t i o n s t o check the i r 
appara tus t o be sure tha t n o t h i n g w a s 
b ias ing the i r results. The par t ic le 
d e c a y i n g in to t he e lec t ron a n d p o s i ­
t r on t h e y w e r e measur ing w a s a 
d i f f i cu l t o n e t o s w a l l o w . T h e ene rgy 
reg ion had been scoured before , even 
if no t so t h o r o u g h l y , w i t h o u t a n y t h i n g 
b e i n g seen. A l so the resonance w a s 
l o o k i n g ' n a r r o w ' — th is means t ha t 
t he energy sums w e r e c o m i n g o u t at 
3.1 GeV w i t h great p rec is ion rather 
t h a n , for examp le , s p a n n i n g f r o m 2.9 
t o 3.3 GeV. The w i d t h is a measure of 
t he s tab i l i t y of t he par t ic le ( f r o m 
He isenberg 's Unce r ta in t y Pr inc ip le 
w h i c h requires o n l y tha t t h e p r o d u c t 
o f t h e average l i fe t ime and t h e w i d t h 
be a c o n s t a n t ) . A n a r r o w w i d t h means 

tha t t h e par t ic le l ives a l ong t i m e . N o 
o ther par t ic le o f such a heavy mass 
(over th ree t imes the mass o f t h e 
p r o t o n ) has a n y t h i n g l ike t ha t s tab i l i ty . 

By t h e e n d of Oc tober , t he t e a m 
had a b o u t 5 0 0 even ts f r o m a 3.1 GeV 
par t ic le . T h e y w e r e keen t o ex tend 
the i r search t o t h e m a x i m u m mass 
the i r de tec t i on sys tem c o u l d p in d o w n 
( a b o u t 5.5 GeV) bu t w e r e p r o d d e d 
i n to p r in t m i d - N o v e m b e r by d ramat i c 
n e w s f r o m t h e o ther coast of Amer i ca . 
T h e y bap t i sed t h e par t ic le J w h i c h is a 
let ter c lose t o t h e Chinese s y m b o l fo r 
' t i n g ' . F rom t h e n o n , t h e expe r imen t 
has had t o p pr ior i ty . Sam T ing sa id 
t ha t t h e D i rec to r o f t he Labora to ry , 
George V i n e y a r d , asked h im h o w 
m u c h t i m e o n t h e m a c h i n e he w o u l d 
need — w h i c h is no t t h e w a y s u c h 
conve rsa t i ons usua l l y g o . 

T h e appa r i t i on o f t h e par t ic le at t h e 
S tan fo rd L inear Acce le ra to r Center o n 
10 N o v e m b e r w a s n o t h i n g shor t of 
sha t te r ing . Bur t R ichter descr ibed it as 
' the mos t exc i t i ng and f ran t ic w e e k - e n d 
in par t ic le phys ics I have ever been 
t h r o u g h ' . It f o l l o w e d an u p g r a d i n g o f 
t he e l e c t r o n - p o s i t r o n s torage r ing 
S P E A R d u r i n g t h e late Summer . 

Un t i l J u n e , SPEAR w a s ope ra t i ng 
w i t h beams of ene rgy up t o 2.5 GeV 
so t ha t t h e to ta l ene rgy in t he co l l i s ion 
w a s up t o a peak o f 5 GeV. The r ing 
w a s shu t d o w n d u r i n g the late S u m ­
mer t o insta l l a n e w r.f. sys tem a n d 
n e w p o w e r supp l ies so as t o reach 
a b o u t 4 .5 GeV per beam. It w a s 
s w i t c h e d o n aga in in Sep tember a n d 
w i t h i n t w o days beams w e r e o rb i t i ng 
t h e s to rage r ing aga in . O n l y th ree o f 
t h e f o u r n e w r.f. cav i t ies w e r e in 
ac t i on so t ha t t h e beams c o u l d o n l y 
be taken t o 3.8 GeV. W i t h i n t w o w e e k s 
t h e l u m i n o s i t y had c l i m b e d to 5 x 
1 0 3 0 c n r r 2 s - 1 ( t he l um inos i t y d ic ta tes 
t h e n u m b e r o f in te rac t ions t he p h y s i ­
c ists can see) a n d t i m e began to be 
a l l oca ted t o exper imenta l teams t o 
b r i ng the i r de tec t i on sys tems in to 
t r i m . 
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CERN 118.11.74 

The detection system of the experiment at 
Brookhaven which spotted the new particle. 
It consists of two symmetrical spectrometer arms, 
20 m long. In the foreground in each arm are 
three magnets. They are followed 
by Cherenkov counters (looking 
like cement mixers) to identify particles (in 
addition to Cherenkovs in the magnets) and, 
finally, multiwire proportional chambers 
which determine precise particle positions. 
(Photo Brookhaven) 

Sam Ting telling the new particle story in an 
auditorium packed with an enthusiastic 
audience at CERN on 21 November. 

It w a s t h e B e r k e l e y / S t a n f o r d t eam 
led by Richter , M . Per l , W . C h i n o w s k y , 
G. G o l d h a b e r a n d G .H . Tr i l l i ng w h o 
w e n t i n to a c t i o n d u r i n g t h e w e e k - e n d 
9 - 1 0 N o v e m b e r t o check back o n 
s o m e ' f u n n y ' read ings t h e y had seen 
in J u n e . T h e y w e r e us ing a de tec t i on 
sys tem c o n s i s t i n g o f a large so leno id 
magne t , w i r e chambe rs , sc in t i l l a t i on 
coun te rs a n d s h o w e r coun te rs , a lmos t 
c o m p l e t e l y s u r r o u n d i n g o n e of t h e 
t w o in te rsec t ion reg ions w h e r e t he 
e lec t rons a n d pos i t rons are b r o u g h t 
in to h e a d - o n co l l i s i on . 

D u r i n g t h e f i rs t series o f measure­
men ts w i t h S P E A R , w h e n it w e n t 
t h r o u g h i ts e n e r g y paces, t h e c ross-
sec t i on (or p robab i l i t y o f an in ter­
ac t i on b e t w e e n an e lec t ron and p o s i ­
t r on o c c u r r i n g ) w a s a l i t t le h igh at 
1.6 GeV b e a m ene rgy (3 .2 GeV c o l l i ­
s ion ene rgy ) c o m p a r e d w i t h at t h e 
n e i g h b o u r i n g b e a m energ ies. The 
J u n e exerc ise, w h i c h gave t h e f u n n y 
read ings , w a s a l o o k over th is energy 
reg ion aga in . Cross -sec t ions w e r e 
measured w i t h e lec t rons and p o s i ­
t rons at 1.5, 1.55, 1.6 a n d 1.65 GeV. 
A g a i n 1.6 GeV w a s a l i t t le h igh bu t 
1.55 GeV w a s even more pecul iar . In 
e igh t runs , s ix measuremen ts agreed 
w i t h t h e 1.5 GeV data w h i l e t w o w e r e 
h igher ( o n e of t h e m f ive- t imes h ighe r ) . 
So , o b v i o u s l y , a g rem l i n had crept 
i n to t h e appara tus . W h i l e m e d i t a t i n g 
d u r i n g t h e t r ans fo rma t i on f r o m 
SPEAR I t o S P E A R I I , t h e g reml in w a s 
l o o k e d fo r b u t n o t f o u n d . It w a s t h e n 
t h a t t h e s u s p i c i o n g r e w tha t b e t w e e n 
3.1 a n d 3.2 GeV co l l i s ion energ ies 
c o u l d lie a resonance . 

D u r i n g t h e n i g h t o f 9 - 1 0 N o v e m b e r 
t h e h u n t b e g a n , c h a n g i n g t he beam 
energ ies in 0.5 M e V steps. By 1 1 . 0 0 
a.m. S u n d a y m o r n i n g t h e n e w par t ic le 
had been u n e q u i v o c a l l y f o u n d . A set 
of c ross -sec t i on measurements a r o u n d 
3.1 GeV s h o w e d tha t t h e p robab i l i t y 
o f i n te rac t i on j u m p e d by a fac to r o f 
t en f r o m 2 0 t o 2 0 0 nanobarns . In a 
s tate o f e u p h o r i a , t he c h a m p a g n e 
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The famous detection system at the SPEAR 
storage ring at Stanford, which already has the 
high hadron production rate to its credit, now 
adds the identification of new particles. 
(Photo SLAC) 

Below is the dramatic signal of the 3.1 GeV 
particle as seen at SPEAR. The vertical axis 
measures the cross-section in nanobarns for 
producing hadrons (in other words the 
probability that an interaction between an 
electron and positron will take place producing 
strongly interacting particles). Along the 
horizontal axis is the energy showing that the 
probability jumps a hundred times at 3.1 GeV. 

w a s c racked o p e n and t he t e a m began 
ce leb ra t i ng an i m p o r t a n t d i scovery . 
Gerson Go ldhabe r ret i red in search o f 
peace and qu ie t t o w r i t e t h e f i n d i n g s 
fo r immed ia te p u b l i c a t i o n . 

W h i l e he w a s a w a y , it w a s d e c i d e d 
t o po l i sh up the data by g o i n g s l o w l y 
over t h e resonance a g a i n . The beams 
w e r e n u d g e d f r o m 1.55 t o 1.57 a n d 
eve ry th i ng w e n t crazy. The i n te rac t i on 
p robab i l i t y soared h ighe r ; f r o m a r o u n d 
2 0 nanoba rns the c ross -sec t i on j u m p ­
ed t o 2 0 0 0 nanoba rns and t h e de tec to r 
w a s f l o o d e d w i t h events p r o d u c i n g 
hadrons . Pief Panofsky , t h e D i rec to r o f 
S L A C , arr ived and paced a r o u n d 
i n v o k i n g t h e De i t y in ut ter a m a z e m e n t 
at w h a t w a s be ing seen. Gerson 
G o l d h a b e r t hen emerged w i t h h is 
paper p r o u d l y a n n o u n c i n g t h e 
2 0 0 nanoba rn resonance a n d had t o 
star t aga in , w r i t i n g ten t imes mo re 
p roud l y . 

W i t h i n hours o f t he S P E A R meas ­
u remen ts , t he t e l e p h o n e w i res across 

t he A t l a n t i c w e r e h u m m i n g as in fo r ­
m a t i o n enqu i r ies and rumou rs w e r e 
e x c h a n g e d . A s s o o n as it b e c a m e 
clear w h a t had h a p p e n e d , t h e Euro ­
pean Laborator ies l ooked t o see h o w 
t h e y c o u l d c o n t r i b u t e t o t h e e x c i t e ­
men t . The o b v i o u s cand ida tes , t o be 
in o n t h e act qu i ck l y , w e r e t h e e lec ­
t r o n - p o s i t r o n s torage r ings at Frascat i 
and DESY. 

From 13 November , t h e e x p e r i ­
men ta l t eams on t he A D O N E s to rage 
r ing ( f r o m Frascati and t he IN FN sec­
t i ons o f t h e Univers i t ies o f Nap les , 
Padua , Pisa and Rome) began t o 
search in t h e same energy r eg i on . 
T h e y have de tec t i on sys tems fo r 
th ree exper imen ts k n o w n as g a m m a -
g a m m a ( w i d e so l id ang le de tec to r 
w i t h h i gh e f f i c iency for d e t e c t i n g 
neut ra l par t i c les ) , M E A (so leno ida l 
magne t i c spec t romete r w i t h w i d e g a p 
spark chambers and s h o w e r d e t e c ­
to rs ) a n d b a r y o n - a n t i b a r y o n ( c o ­
axia l h o d o s c o p e s o f sc in t i l la to rs cove r ­

i ng a w i d e s o l i d ang le ) . The A D O N E 
opera to rs w e r e ab le t o j ack t he beam 
ene rgy u p a l i t t le above its no rma l 
peak o f 1.5 GeV and o n 15 N o v e m b e r 
t h e n e w par t ic le w a s seen in all th ree 
d e t e c t i o n sys tems. The data c o n f i r m e d 
t h e mass a n d t h e h i gh s tab i l i ty . The 
expe r imen ts are c o n t i n u i n g us ing t h e 
c o m p l e m e n t a r y abi l i t ies o f t he de tec ­
to rs t o ga the r as m u c h i n f o rma t i on as 
poss ib le o n t h e nature o f t h e par t ic le . 

A t DESY, t h e D O R I S s torage r ing 
w a s b r o u g h t i n to ac t i on w i t h t h e 
P L U T O a n d D A S P de tec t i on sys tems 
desc r ibed later in th i s issue o n 
page 4 2 7 . D u r i n g t h e w e e k - e n d o f 
2 3 - 2 4 N o v e m b e r , a clear s igna l at 
a b o u t 3.1 GeV to ta l ene rgy w a s seen 
in b o t h de tec to rs w i t h P L U T O measur ­
i ng even ts w i t h m a n y e m e r g i n g h a ­
d r o n s a n d D A S P measur ing t w o 
e m e r g i n g par t ic les . The angu la r d i s ­
t r i b u t i o n o f e las t ic e l e c t r o n - p o s i t r o n 
sca t te r ing w a s measured at 3.1 GeV, 
a n d a r o u n d i t , a n d a d i s t i n c t c h a n g e w a s 
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Hadron production events at 3.1 GeV from: 

1. The gamma-gamma group on the AD ONE 
storage ring at Frascati where a large spark 
chamber array spots an event giving at least 
three charged particles plus an electromagnetic 
shower (bottom right) 

2. The PLUTO detector on the DORIS storage 
ring at DESY where three projections of an 
event with five charged particles are displayed 
together via the computer. 

1. 

seen. The detec tors are n o w c o n ­
cen t ra t ing on measur ing b ranch ing 
rat ios — the re lat ive rate at 
w h i c h the part ic le decays in d i f fe rent 
w a y s . 

In the mean t ime , SPEAR II had 
s t ruck aga in . On 21 November , a n ­
o ther par t ic le w a s seen at 3.7 GeV. 
Like the f i rst it is a very n a r r o w reso­
nance ind ica t ing t he same h igh s tab i l ­
i ty. The Berke ley /S tan fo rd team have 
ca l led the part ic les psi ( 3 1 0 5 ) and 
psi ( 3 6 9 5 ) . 

N o - o n e had w r i t t en the rec ipe for 
these part ic les and tha t is part of w h a t 
al l t he exc i tement is abou t . A t th is 
s tage, w e can o n l y specu la te a b o u t 
w h a t t hey m i g h t mean . 

First of a l l , fo r t he past year, s o m e ­
t h i n g has been expec ted in t he h a d r o n -
lep ton re la t ionsh ip . The lep tons are 
par t ic les, l ike the e lec t ron , w h i c h w e 
bel ieve do no t feel t he s t rong fo rce . 
Thei r in teract ions, such as are i n i ­
t ia ted in an e lec t ron -pos i t r on s torage 
r i ng , can p roduce hadrons (or s t rong 
fo rce part ic les) via the i r c o m m o n 
e lec t romagnet i c features. O n the basis 
of the t heo ry tha t hadrons are bu i l t 
up of quarks (a theo ry w h i c h has a 
g r o w i n g w e i g h t of exper imenta l s u p ­
por t — see Oc tober issue, page 3 3 2 ) 
it is poss ib le t o ca lcu la te relat ive 
rates at w h i c h t he e lec t ron -pos i t r on 
in terac t ion w i l l y ie ld hadrons and the 
rate s h o u l d decrease as the energy 
goes higher. The results f r o m the 
Cambr idge bypass and SPEAR a b o u t 

2, 

a year ago s h o w e d hadrons be ing 
p roduced m u c h more pro fuse ly t han 
these pred ic t ions . 

W h a t seems to be the inverse o f th is 
observa t ion is seen at t he CERN 
In tersect ing Storage Rings and the 
4 0 0 GeV synch ro t ron at t he Fermi Lab. 
In in teract ions be tween hadrons , 
such as p r o t o n - p r o t o n co l l i s ions , lep ­
t o n s are seen c o m i n g of f at m u c h 
h igher re lat ive rates than c o u l d be 
p red ic ted . A re the n e w part ic les 
beh ind th is had ron - l ep ton mystery? 
A n d if so, h o w ? 

Other specu la t ions are tha t the 
part ic les have n e w propert ies t o add 
to t he fami l iar ones l ike charge sp in , 
p a r i t y . . . A s the comp lex i t y of par t ic le 
behav iou r has been uncovered , names 
have had to be selected to descr ibe 
d i f ferent aspects. These names are 
l i nked , in t he mathemat ica l desc r ip ­
t i on of w h a t is g o i n g o n , t o q u a n t u m 
numbers . W h e n part ic les in teract , t he 
q u a n t u m numbers are genera l ly c o n ­
served — the propert ies of the part ic les 
g o i n g in to t he in teract ion are carr ied 
a w a y , in some perhaps very d i f ferent 
c o m b i n a t i o n , by the part ic les w h i c h 
emerge. If there are n e w proper t ies, 
t hey also w i l l in f luence w h a t in ter­
ac t ions can take place. 

To exp la in w h a t m igh t be h a p p e n ­
i n g , w e can cons ider t he p roper ty 
ca l led 's t rangeness ' . This w a s as­
s igned t o part ic les l ike the neutra l 
kaon and lambda to exp la in w h y t hey 
w e r e a lways p roduced in pairs — the 

s t rangeness q u a n t u m number is t hen 
conserved , t he kaon car ry ing + 1 , t he 
lambda car ry ing — 1 . It is because the 
kaon has s t rangeness tha t it is a very 
stable par t ic le . It w i l l no t readi ly 
break up in to o ther part ic les w h i c h d o 
no t have th is proper ty . 

T w o n e w proper t ies have recent ly 
been i nvoked by t he theor is ts — 
co lou r and cha rm . Co lour is a s u g ­
gested p roper ty of quarks w h i c h 
makes sense of t he stat ist ics used t o 
ca lcu la te the consequences of the i r 
ex is tence. Th is g ives us n ine basic 
quarks — three co lou red var iet ies of 
each o f t he th ree fami l iar ones. Charm 
is a sugges ted p roper ty w h i c h makes 
sense of some observa t ions c o n c e r n ­
ing neutra l cur rent in teract ions (d i s ­
cussed b e l o w ) . 

It is t he remarkab le s tab i l i ty of the 
n e w part ic les w h i c h makes it so 
at t ract ive t o i nvoke co lou r or charm. 
From the measured w i d t h of t he 
resonances t h e y seem to l ive for 
abou t 1 0 ~ 2 0 seconds and do not decay 
rap id ly l ike all t he o ther resonances in 
the i r mass range. Perhaps t hey carry 
a n e w q u a n t u m number? 

Un fo r tuna te l y , even if t he n e w 
part ic les are c o l o u r e d , s ince they are 
f o r m e d e lec t romagne t i ca l l y t hey 
s h o u l d be able t o decay t he same w a y 
and the sums d o no t g ive thei r h i gh 
stabi l i ty . In a d d i t i o n , t he sums say 
tha t there is no t e n o u g h energy a round 
for t h e m to be bu i l t up of cha rmed 
cons t i tuen ts . The answer may lie in 
n e w proper t ies bu t no t in a w a y tha t 
w e can easi ly ca lcu la te . 

Yet ano ther poss ib i l i t y is tha t w e 
are, at last, see ing the in termedia te 
b o s o n . Th is par t ic le w a s p roposed 
m a n y years ago as an in termediary of 
the w e a k fo rce . J u s t as the s t rong 
force is c o m m u n i c a t e d be tween ha ­
d rons by pass ing mesons a round and 
the e lec t romagne t i c fo rce is c o m ­
mun i ca ted b e t w e e n charged part ic les 
by pass ing p h o t o n s a round , it is 
t h o u g h t t ha t t he w e a k fo rce c o u l d also 
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