
energy e x a m p l e s o f a b r o a d s p r e a d 
o f had ron ene rgy a c c o m p a n i e d by 
a ve ry i so la ted m u o n . 

Based on w h a t w a s seen at l o w ­
er co l l is ion energ ies , on l y a b o u t 
one such even t w a s e x p e c t e d . 
P ick ing up e ight w a s susp i c i ous l y 
i n te res t i ng , bu t at t he t i m e n o n e 
o f the o the r th ree PETRA expe r i ­
m e n t s had any th ing t o repo r t . 

The PETRA mach ine w a s n o t 
able t o rema in in th is h igh ene rgy 
reg ion f o r l o n g , and t h e m a t t e r 
rema ined c l osed f o r a w h i l e . T h e n 
the J A D E co l l abo ra t i on p r e s e n t e d 
a n e w analys is o f t he h igh ene rgy 
d a t a , c o n c e n t r a t i n g o n t h e sea rch 
f o r i so la ted m u o n s or e l ec t r ons . 
Five e x a m p l e s w e r e f o u n d o f an 
i so la ted m u o n a c c o m p a n i e d b y a 

b r o a d had ron s igna l , c o n s i s t e n t 
w i t h t he M a r k J f i nd ings . No such 
e f fec t w a s seen w i t h e l ec t rons . 

T h e CELLO g r o u p f o u n d on ly 
one examp le o f an i so la ted m u o n 
a c c o m p a n y i n g a b r o a d sp read o f 
h a d r o n s , cons i s t en t w i t h w h a t t h e y 
s a w at l o w e r co l l i s ion energ ies . 
T h e g r o u p c o n c l u d e d t h a t t he da ta 
' d o n o t s u p p o r t t he o b s e r v a t i o n s 
o f t h e M a r k J and J A D E co l l abo ra ­
t i o n s o f an excess o f m u o n e v e n t s 
o f th i s t y p e ' . 

A t a m e e t i n g in Santa M o n i c a 
earl ier th is year , phys i c i s t s l o o k e d 
at t he poss ib i l i t ies o f qua rks and 
l ep tons heavier t han t h o s e a l ready 
k n o w n (or, in the case o f t he ' t o p 1 

qua rk , f i rm ly an t i c ipa ted) . A n y such 
par t i c les w o u l d have i m m e d i a t e 

c o n s e q u e n c e s f o r t he c o s y in ter­
p re ta t i on o f m o d e r n par t ic le p h y s ­
ics in t e r m s o f j us t th ree ' f am i l i es ' , 
each con ta in i ng t w o ( k n o w n ) 
q u a r k s and a l e p t o n . 

Hara ld Fr i tzsch a d m i t t e d tha t t h e 
i n te rp re ta t i on o f the M a r k J and 
J A D E s igna ls w a s 'unc lear ' . He 
h in ted t ha t PETRA cou ld have been 
fa l l ing j us t s h o r t o f an i m p o r t a n t 
n e w t h r e s h o l d , so tha t e x p e r i m e n t s 
had ' jus t a s h o r t l ook t h r o u g h the 
peeho le be fo re t he s l ide c a m e 
d o w n ' . 

T h e n e w T R I S T A N e lec t r on -
p o s i t r o n co l l ider at t he J a p a n e s e 
KEK L a b o r a t o r y shou ld cer ta in ly 
en large any such peepho le . 

Physics monitor 

Hadron spectroscopy 
1987 

W i t h m u c h par t ic le p h y s i c s re­
search us ing par t ic le b e a m s t o 
p r o b e the behav iou r o f t h e qua rk 
c o n s t i t u e n t s d e e p ins ide nuc léons 
and o ther s t r o n g l y in te rac t ing par­
t ic les (hadrons) , it is easy t o ove r ­
l ook t he p r o g r e s s be ing m a d e 
t h r o u g h had ron s p e c t r o s c o p y — 
t h e search f o r and c lass i f i ca t ion 
o f rare par t ic les — and the w a y it 
has increased our u n d e r s t a n d i n g 
o f quark phys i cs . 

One w a y o f r e m e d y i n g th is w a s 
t o a t t end the s t imu la t i ng and e n ­
cou rag ing Had ron 8 7 m e e t i n g he ld 
earl ier th is year at t h e J a p a n e s e 
KEK L a b o r a t o r y , w h e r e J o n a t h a n 
Rosner f r o m C h i c a g o ' s Enr ico Fer­

mi Ins t i tu te gave the conc l ud i ng 
ta lk . 

' Q u e s t i o n s tha t w e r e a s k e d as 
long as t w e n t y or m o r e yea rs ago 
are actua l ly be ing a n s w e r e d , ' he 
o b s e r v e d , t h a n k s t o the pa t ien t 
e f f o r t s o f expe r imen ta l i s t s and 
t h e o r i s t s . W e need t o be m o r e 
b o l d in shar ing t hese p leasures 
w i t h s t u d e n t s , f o r the s t u d y o f 
n e w s p e c t r o s c o p i e s . . . bu i lds on 
t he o l d ' . 

A c o m p a r i s o n o f t he 1 9 7 4 and 
1 9 8 7 c lass i f i ca t ions o f m e s o n s 
( c o m p o s e d o f a quark and an an t i -
quark) under l ined the p r o g r e s s 
m a d e in recent years . M a n y c o n ­
ven t i ona l s p e c t r o s c o p y labels (ra­
dial and angular m o m e n t u m exc i ­
t a t i o n s — as in a t o m i c phys ics ) 
are n e e d e d , wh i l e cand ida tes have 
been f o u n d f o r a va r ie ty o f exo t i c 
s t a t e s . 

Jon Rosner — answering questions from 
twenty or more years ago. 
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C o m p l e m e n t i n g the par t ic le spec ­
t ra are t he resu l ts on p r o t o n - a n t i -
p r o t o n ann ih i la t ion at res t f r o m the 
A S T E R I X e x p e r i m e n t at CERN's 
LEAR L o w Energy A n t i p r o t o n Ring. 

'G lueba l l s ' are par t i c les bui l t up 
o f g luons (the t r a n s m i t t e r s o f t he 
in te r -quark fo rce) rather t han 
qua rks . A g o o d t e s t o f a g luebal l 
cand ida te is t o see if it can be 
f o r m e d in p h o t o n - p h o t o n co l l i s ions 
( a b y - p r o d u c t o f e l e c t r o n - p o s i t r o n 
annih i la t ion) as g luebal ls d o n o t 
car ry e lectr ic charge . Rosner ree led 
o f f a l ist o f g luebal l poss ib i l i t ies — 
the iota 1 4 6 0 ( a ' g o o d cand i ­
d a t e ' ) , m a n y scalar par t ic les (spin 
zero , pos i t i ve par i t y ) , all r e s o n ­
ances a b o v e 1 GeV (apart f r o m 
the f2 p r ime 1 5 2 5 ) seen in f inal 
s ta tes o f a neutra l kaon pair and 
a p ion or a p ion and an eta (be­
cause o f the p h o t o n - p h o t o n c r i te ­
r ion) , the the ta / f2 1 7 2 0 ( in teres t ing 
fo r i ts poss ib le l inks w i t h the ' P o m -
e r o n ' med ia t i ng elast ic sca t te r ing) 
e tc . S o m e s t a t e s , such as the eta 
p r ime 9 5 8 , cou ld have a smal l 
g luon ic c o m p o n e n t . 

Baryon (three quark) s ta tes 
a b o u n d , but Rosner c o v e r e d a lso 
the S k y r m e m o d e l , used w i t h s o m e 
success in the ana lys is o f m e s o n -
ba ryon sca t t e r i ng , p rov id i ng an 
a l te rna t ive a p p r o a c h t o quark m o d ­
e ls , w i t h s imi lar t h o u g h no t i den t i ­
cal resu l ts . N e w e x p e r i m e n t s cou ld 
shed fu r the r l ight . 

Other va r ia t ions o f hadron ic m a t ­
ter are the ' h y b r i d ' s t a tes c o n t a i n ­
ing g luons in add i t i on t o q u a r k s , 
and exo t i c s ta tes w i t h con f i gu ra ­
t i ons o the r t han the habi tua l qua rk -
an t iquark (meson) and th ree quark 
(baryon) f o r m s . 

Rosner a lso l o o k e d at the p o s s i ­
bi l i ty o f had ron ' m o l e c u l e s ' , w h e r e 
the a l l owab le s tab le con f i gu ra t i ons 
o f c o m p l i c a t e d s t ruc tu res is a cha l ­
lenge fo r la t t ice gauge theo r i es . 

S p e c t r o s c o p y has cer ta in ly b los ­

s o m e d fo r heavy qua rks b e y o n d 
s t r a n g e n e s s , u n k n o w n be fo re 
1 9 7 4 . T h e phys i cs o f ' c h a r m o -
n i u m ' (bound pai rs o f c h a r m qua rks 
and an t iquarks) is n o w a sub jec t 
o f spec ia l s t u d y . W h i l e n o t ye t as 
we l l exp lo red as t he c h a r m qua rk , 
t he b quark p r o v i d e s ano the r spec ­
t r o s c o p y d i m e n s i o n . T h e m ix ing 
o f B m e s o n s (conta in ing b quarks) 
g ives an ind ica t ion o f w h e r e t he 
s ix th ( ' top ' ) quark m i g h t be f o u n d 
one day . 

A s we l l as the t o p qua rk , Rosner 
inc luded in poss ib le fu tu re spec ­
t r o s c o p i e s a va r ie t y o f theore t i ca l l y 
admiss ib le qua rks and l ep tons . 

He c o n c l u d e d t ha t had ron spec ­
t r o s c o p y has a b r igh t f u t u re , w i t h 
resu l ts poss ib le f r o m mach ines 
ex i s t i ng , en te r ing se rv i ce , sho r t l y 
t o enter se rv i ce , or sti l l on the 
d r a w i n g b o a r d . 

Electronic postcards 

Over 2 0 0 spec ia l i s ts ga the red at 
A s i l o m a r S ta te Beach in Cal i forn ia 
earl ier th is year f o r a Con fe rence 
o n C o m p u t i n g in High Energy 
Phys ics . 

The organ izers dec ided t o re­
s t r i c t p resen ta t i ons t o t o p i c s o f t e n 
t a l ked a b o u t in co r r i do rs bu t rarely 
c o v e r e d in o p e n s e s s i o n . The 
t h e m e w a s thus ' the c o m p u t i n g 
e n v i r o n m e n t ' and all bu t t w o re­
v i e w ta l ks deal t w i t h s o f t w a r e 
issues. The re w e r e 3 5 speake rs 
dur ing the 4/4 d a y s o f p resen ta ­
t i o n s , w i t h ano the r 3 0 t o p i c s c o v ­
ered dur ing the 3 hour pos te r ses ­
s ion . In a d d i t i o n , l ively panel d i s ­
cuss ions w e r e held in t he even ings . 

A h ighly top i ca l area w a s c o m ­
puter n e t w o r k i n g . Repor ts f r o m 
Hugh M o n t g o m e r y (Fermilab) o n 
t he US pe rspec t i ve and Brian Car­
pen te r (CERN) o n the European 

scene s h o w e d t ha t t he long s o u g h t 
goa l o f n e t w o r k un i f i ca t ion and 
s tandard i za t i on is st i l l m a n y years 
a w a y . M e a n w h i l e t h e va r ious ad 
hoc n e t w o r k s ( B I T N E T / E A R N , 
DECNets , X . 2 5 based n e t w o r k s , 
etc. ) con t i nue t o g r o w and be 
heavi ly used by t he par t ic le phys i cs 
c o m m u n i t y . 

A n o t h e r area o f g r o w i n g in te res t 
is t he use o f s u p e r c o m p u t e r s . A l ­
t h o u g h t hese mach ines have suc ­
cess fu l l y hand led la t t ice gauge ca l ­
cu la t ions and s o m e a s p e c t s o f 
acce le ra to r m o d e l i n g , t h e y have 
ye t t o m a k e the i r m a r k ac ross the 
expe r imen ta l scene . The re w e r e 
t w o ve ry d i f fe ren t i l lus t ra t ions o f 
recent p r o g r e s s . Kenich i M iura (Fu­
j i tsu) s h o w e d one m e t h o d t o v e c ­
tor ize par t ic le gene ra t i on in the 
S t a n f o r d (SLAC) EGS s imu la t i on 
p a c k a g e , w i t h s ign i f i can t bene f i t s 
(a l though his lead br ick g e o m e t r y 
w a s ve ry s imp le ) , wh i l e Dav id Le-
v in tha l , t ak i ng ano the r a p p r o a c h , 
ach ieved high levels o f vec to r i za -
t i on in t r ack f i nd ing c o d e f o r his 
Fermi lab expe r imen t . 

The m o s t co lour fu l par t o f t he 
con fe rence w a s the g raph ics s e s ­
s ion . 3 -D co lou r even t d i sp lays 
f r o m the U A 1 e x p e r i m e n t at t he 
CERN col l ider w e r e p r e s e n t e d by 
Jean-Pier re Vial le ( LAPP-Annecy ) 
wh i l e Ralph Ne lson (SLAC) p re­
sen ted 3-D co lou r s h o w e r s f r o m 
the EGS s imu la t i on p r o g r a m . H o w ­
ever it w a s clear tha t par t ic le p h y s ­
ics is on ly beg inn ing t o learn h o w 
t o exp lo i t the la test 3 -D co lou r 
g raph ics te rm ina ls and w o r k s t a ­
t i ons . 

Th ree sess ions c o v e r e d va r ious 
a s p e c t s o f p r o g r a m d e v e l o p m e n t 
and m a n a g e m e n t and the c o m p u t ­
ing e n v i r o n m e n t f o r phys i cs analy­
s is . N e w w o r d s such as P A W , 
I D A , GEP, T A N A G R A , A D A M O , 
and S A S D w e r e exp la ined . W i t h 
in te rac t i ve c o m p u t i n g readi ly ava i l -
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