
t o t rans i t ions b e t w e e n d i f ferent t r i ­
plet c h a r m o n i u m levels, in m u c h the 
same w a y tha t sharp spect ra l l ines 
s h o w up w h e n ord inary a t o m s are 
exc i ted. In add i t ion , a smal l but s ta ­
t is t ical ly s ign i f icant peak w a s seen in 
the spec t rum cor respond ing t o a 
n e w c h a r m o n i u m s ta te of mass 
2 9 8 3 MeV. S o m e mon ths later, the 
Mark II g roup (Berkeley / SLAC), 
announced the f i rs t ev idence for a 
speci f ic eta-c decay mode , wh i l e 
another decay mode w a s f o u n d by 
the Crystal Ball shor t ly a f te rwards . 
This w a s already suf f ic ient t o make 
theore t ic ians feel bet ter , but t o pin 
d o w n th is n e w cand idate c h a r m o n ­
ium state, its q u a n t u m numbers f i rst 
had to be f ixed. 

The Crystal Ball is we l l su i ted t o 
measure e lec t romagnet ica l l y s h o w ­
er ing part ic les like e lec t rons and 
photons . To handle charged hadrons 
requi red more wo rk , and fu r ther ev i ­
dence in favour of an eta-c ass ign­
men t for the n e w sta te came f r o m 
analysis of channels con ta in ing ap ­
propr ia te comb ina t i ons of hadrons. 

A t present, the character is t ics of t he 
s ta te are highly suggest ive of the 
eta-c, but fu r ther w o r k is needed. 

E lsewhere in the pho ton spec t rum 
f r o m radiat ive c h a r m o n i u m decays, 
the Crystal Ball s h o w s ev idence for 
decays p roduc ing a meson of mass 
1 4 2 0 MeV. A smal l sample of spe ­
cif ic decay modes for a meson of th is 
mass w a s also reconst ruc ted by 
bo th Mark II and the Crystal Ball . A 
spin one meson of th is mass, t he E, 
has been k n o w n for s o m e t i m e 
th rough the analysis of bubble 
chamber exposures t o hadron 
beams. 

In the Crystal Ball , the radiat ive 
t rans i t ions produc ing E-mesons ap ­
peared to be qu i te copious, and th is 
led s o m e people to specula te tha t 
t he E, ra the / t han being a c o n v e n ­
t ional meson bui l t up of a quark and 
an ant iquark, cou ld be an example of 
a 'g luebal l ' — a n e w t ype of ma t te r 
m u c h ta lked about but never before 
seen. 

Current th ink ing says tha t quarks 
in teract t h rough the 'co lour ' fo rce 

med ia ted by the exchange of so -
cal led g luons, s imi lar in some res­
pects t o the pho ton exchange res­
ponsib le for t he fami l iar e l e c t r o m a g ­
net ic force. A s we l l as t rans ient ly 
f l i t t ing b e t w e e n quarks, these g luons 
shou ld also be able t o s t ick toge ther 
t o f o r m ' g l uon ium ' or 'g luebal ls ' . 
W h e t h e r the E-meson signal seen in 
radiat ive c h a r m o n i u m decays is a 
g luebal l or no t remains t o be se t t ­
led. 

W i t h M a r k II hav ing already 
m o v e d to the b igger PEP r ing, the 
Crystal Ball is present ly the only 
de tec to r opera t ing at SPEAR. Even 
t h o u g h its m o v e to PEP has been 
approved, th is w i l l not take place for 
at least a year. A n impor tan t task 
remain ing at SPEAR is t o con t inue t o 
search for the F-meson, carry ing 
bo th c h a r m and st rangeness. F c a n ­
d idates have n o w been repor ted 
f r o m exper iments at several Labora­
tor ies, but as ye t none f r o m SPEAR. 
Other ob jec t ives include more eta-c 
data and a scan of the SPEAR energy 
regions so far largely neglected. 

Physics monitor 
Ultrahigh energy 
cosmic rays 
Cosmic ray exper iments have t r ad i ­
t ional ly prov ided phys ic is ts w i t h 
g l impses of behav iour beyond the 
energy range at ta inable w i t h ar t i f i ­
cial part ic le beams. H o w e v e r w i t h 
the CERN an t ip ro ton pro ject p rom is ­
ing t o prov ide col l is ion energies 
equiva lent t o those of 1 5 5 0 0 0 GeV 
beams, and w i t h the prospec t of 
ISABELLE at B rookhaven go ing 
even higher, phys ic is ts hope tha t 
s o m e of the exot ic behav iour 
repor ted f r o m cosmic ray s tud ies w i l l 

soon c o m e w i t h i n the reach of labo­
ratory exper iments . 

M e a n w h i l e the cosmic ray spe ­
cial ists cont inue thei r s tudies, and 
f r o m 2 0 - 2 9 October, the ci ty of 
Nakhodka in the Soviet Far East w a s 
host t o a Sov ie t -Japanese s y m p o ­
s ium on processes at u l t rah igh ener­
gies in cosmic rays, invest iga ted 
us ing emu ls ion chambers exposed 
at a l t i tude. There w e r e par t ic ipants 
f r o m the Japanese /B raz i l i an co l la­
bora t ion at M o u n t Chacal taya in the 
Andes , f r o m the group carry ing ou t 
exper iments on M o u n t Fuji, Japan , 
and f r o m the 'Pami r ' Sov ie t -Po l ish 
co l laborat ion. 

Var ious character is t ics of t he 
f r a g m e n t a t i o n region of inelast ic 
hadron-nuc leus in teract ions w e r e 
covered, and deta i led compar i son of 
t he comparab le data ob ta ined by all 
th ree g roups s h o w s qu i te reasona­
ble ag reemen t in a number of res­
pects. 
1 . The cross-sec t ion of t he hadron 
inelast ic in terac t ion w i t h an air 
nuc leus st i l l increases at least up t o 
energies of 1 0 1 5 e V at nearly t he 
same rate as at accelerator ener­
gies. 
2 . A t u l t rah igh energies there is c o n ­
s iderable dev ia t ion of scal ing not 
only in p ion izat ion but also in the 
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A 'binocular' event seen by the 'Pamir' 
collaboration looking at the effects of 
ultrahigh energy cosmic rays passing through 
a 5 cm lead plate. The spot on the left 
contains more than sixty quanta while that 
on the right is due to a single quantum with 
an estimated energy of over 500 TeV. 

f r a g m e n t a t i o n reg ion . Here it is 
a s s u m e d t h a t t h e c o m p o s i t i o n o f t h e 
p r ima ry c o s m i c rad ia t i on does no t 
c h a n g e at u l t rah igh energ ies . 
3 . T h e energy d i ss ipa t ion o f t h e i nc i ­
d e n t had ron in t h e s t r o n g i n te rac t i on 
co l l i s ion increases cons ide rab ly . 
A p p a r e n t l y t h e n u m b e r o f s e c o n d a r y 
par t i c les in t he f r a g m e n t a t i o n reg ion 
at u l t rah igh energ ies is g r o w i n g w i t h 
t h e energy o f t h e p r ima ry c o s m i c ray, 
E, as fas t as E 1 / 4 , and m a y b e even 
fas te r at energ ies above 1 0 1 6 e V . 
T h e ine las t ic i ty increases co r res ­
pond ing l y and t he ro le o f lead ing 
par t i c les in t h e d e v e l o p m e n t o f 
nuc lear cascades is cons ide rab l y 
d i m i n i s h e d . T h e energy s p e c t r u m of 
seconda ry par t ic les b e c o m e s 
sof ter . 
4 . A m o n g the d i f fe ren t so -ca l l ed 
' f am i l i es ' o f u l t rah igh energy even ts , 
t h e r e is a s ign i f i can t n u m b e r o f 
seconda ry par t i c les w i t h large (over 
5 GeV) t ransve rse m o m e n t a . S o m e ­
t i m e s t hese even ts are a lso a n i s o ­
t rop i c in t h e p lane pe rpend icu la r t o 
t h e p r imary d i rec t i on . The re are 
even ts of a p r o n o u n c e d je t s t r u c t u r e 
w i t h a c o m p a r a t i v e l y large n u m b e r 
( m o r e t h a n f ive) of j e t par t i c les and 
c o m p a r a b l e energ ies o f t h e sepa ra te 
j e t s ( for t w o - , t h r e e - a n d m a n y - j e t 
events ) . T h e p e r c e n t a g e of unusua l 
even t s g r o w s w i t h inc reas ing energy 
of t h e p r ima ry par t ic le . T h e s t u d y o f 
t h i s t y p e o f even t m a k e s fo r use fu l 
c o m p a r i s o n s w i t h t he p red i c t i ons of 

q u a n t u m c h r o m o d y n a m i c s . 
5. A t u l t rah igh energ ies , s o m e p e c u ­
liar p rocesses exist w h i c h p r o d u c e 
exo t ic even ts , par t icu lar ly of t h e s o -
ca l led ' C e n t a u r o ' t ype , w h e r e m o s t , 
if no t al l , o f t h e energy goes in to 
p r o d u c i n g long- l i ved secondary h a -
d rons w i t h f e w neut ra l p ions. T h e 
Japanese -B raz i l i an co l l abo ra t i on 
has f o u n d abou t half a dozen re l iab le 
examp les of Cen tauros , w h i l e t h e 
Pami r g r o u p has a lso seen a f e w 
even ts of t h i s t ype , bu t less c lean. 
S i m u l a t i o n s based on s tanda rd p h y ­
s ics m o d e l s ind ica te t h a t t hese 
even ts c a n n o t be due t o f l u c t u a t i o n s . 
A f e w e x a m p l e s of o the r exot ic 
even ts have a lso been seen w h i c h 
l i kew ise a w a i t an exp lana t ion . T h e 
s t udy of t h e s e p h e n o m e n a is of g rea t 
in te res t a n d cou ld lead t o the need 
fo r n e w t y p e s of qua rk or n e w ba ryon 
s ta tes . 

Resu l ts us ing p resen t c o s m i c ray 
t e c h n i q u e s s h o w t h a t t h e behav iou r 
seen at u l t r ah igh energ ies is no t a 
s i m p l e ex t rapo la t i on of t he de ta i l ed 
and re l iable resu l ts o b t a i n e d at 
acce le ra to rs . Th is p rov ides c lear 
m o t i v a t i o n fo r h igher energy p r o ­
j ec t s and sugges ts poss ib le d i rec ­
t i ons fo r f u t u r e s tud ies . 

A t t h e s a m e t i m e , c o s m i c ray s p e ­
c ia l is ts are anx ious t o ex tend the i r 
p resen t e x p e r i m e n t s w i t h e m u l s i o n 
c h a m b e r s and a c c u m u l a t e m o r e 
da ta in t h e in te res t ing u l t rah igh 
energy reg ion . Fo r th i s , g o o d co l l abo ­
ra t ion b e t w e e n d i f fe ren t e x p e r i m e n ­
ta l g roups w i l l be i m p o r t a n t , and t h e 
S y m p o s i u m w a s a m o v e in th i s 
d i rec t ion . 

Dark spots recorded in X-ray film from the 
'Centauro-l' cosmic ray event seen by a 
Japanese-Brazilian collaboration. The top 
picture is taken in the upper chamber, under 
7.8 cm of lead. The lower picture is from 
the lower chamber, under 3 cm of lead and 
a carbon hadron converter. (The unit on the 
attached scale is 1 mm.) The big surprise 
is the asymmetry between the patterns 
recorded in the top and bottom chambers 
— hence the name Centauro. This is 
interpreted as an absence of neutral particles 
(producing electromagnetic showers) in the 
initial interaction. 

(We are grateful to S.A. Slava-
tinsky of the P.N. Lebedev Institute, 
Moscow, for transmitting news of this 
Symposium.) 
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