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rec orded in the zero-degree calorimeter are pre s ented and 
thoroughly discus sed . 

1 .  Ge sell schaft fur Schwerionenforschung ( GSI ) , D-6100  Darmstadt , 
We st Germany . 

2 .  Oak Ridge Nat ional Lab oratory , Oak Ridge , Tenne s see 3 7 8 3 1 . 
3 ,  Univer sity of Munster , D-4 4 0 0  Munster , West Germany . 
4 .  Lawrence Berke ley Laboratory , Berkeley , California 9 4 7 2 0 . 
5 ,  Univer sity of Lund , S - 2 2 3 6 2  Lund , Sweden . 
6 .  University of  Tenne s see , Knoxvil le , Tenne s see 3 7 9 9 6 . 



454 

PRELIMINARY RESULTS FROM COLLISIONS 
l G 

'BETWEEN 3 . 2 -TeV 0 AND TARGET NUCLEI OF C , Cu and Au 

'WA 8 0  COLLABORATION 
5 1 l 2 

S .  Garpm�n ,  H . H .  Gutb�od , R .  Alb�e cht , T . � . Awe s ,  C .  1 
Baktash , � · Beckmann , F . 2 Berger , R 4 Bock ,  G .  � lae s son , 
L .  Dragon , 5 R . L .  Ferguson , 2 A .  Franz , R . 3 Glasow , H . � . 
Gustafs son ,  J . w 4 John son , 2 K . H .  Kampert , B . W .  K?lb , 
P .  Kri s t iansson , I . Y .  Lee , H .  Lohne r ,  I .  Lund , F . E .  2 ,.. 6 5 5 
Obenshain ,  A .  Oskars �on , I .  Otterlun� , T .  Pe it zmayn ,  
s .  Per s son ,  F .  Plasil , A . M .  Poskanzer , M .  Pur schke , 4 3 l l 

T .  Siemiarc zuk , 2 H . G .  Ritter , R .  Sant o ,  H . R .  Schmidt , 2 ,,. 6 5 
S . P .  Sorensen ,  E .  Stenlund , 

1 .  Introduction 

and G . R .  Young 

The ult imate goal of the WAS O  col laboration is to search for 
tne transition from hadronic matter t o  deconfined quark matter . 
Such a transit ion may occur in the f inite volume of  hadronic 
matter that is  formed with high energy density in very high­
e�ergy nuc leus-nuc leus collis ions . At the CERN SPS energie s  of  
2 0 0  GeV/nuc leon ,  it  is  e s t imated that the required crit ical 
energy density may be  reached in central c ollis ions between 
suffic ient ly large nuc le i ,  provided that t he degree of  nuclear 
s t opping i s  high enough to concentrate a large frac tion of the 
availab le  c . m .  energy at mid-rapidity . Thus , the immediate goal 
of the collab orat ion is to  study the ext ent of  st opping and the 
nature of the baryon-poor excited nuc lear �atter in the rapid­
ity range intermediate between the proj ectile  and the t arget 
rapidit ie s .  Compari sons be tween nuc leon-nuc leus and nuc leus­
nuc leus collis ions play a key role in such inve st igat ions . In  
addition to  the above primary goal , WAS O aims t o  inves t igate 
the fragmentation region as soc iated with the target remnant s .  
As will be  seen be low , the WAS O experimental arrangement i s  
uniquely suited to  undertake such studies due t o  the u s e  of  the 
Plastic  Ball dete c tor .  
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WAS O i s  the C ERN des ignat i o n  for t h e  original " P l a s t i c  Bal l "  

c o l lab orat i o n  whi c h , a l ong w i th t h e  " St r e ame r C�amb e r "  c o l la b o ­

rat i o n ,  was o n e  o f  the t wo original experiment s t h a t  w e r e  c o n ­

s idere d at t h e  t ime o f  t h e  1 9 8 2  agreement b e tween CERN , G S I , 

and LBL , in whi c h  the foundat i o n s  for the CERN heavy - i o n  p r o ­

gram we re l ai d .  The fru�� ion o f  t h i s  endeavor w a s  reached l a s t  

Novemb e r  whe n b e am s  o f  0 nuc l e i  at 2 0 0  a n d  6 0  GeV /nuc l e o n  

were d e l ivered t o  s e v e r a l  expe riment s ,  inc luding WA8 0 .  A 3 , 2 -
1 6 

TeV O t e s t  b eam was made ava i l a b l e  b r i e f l y  l a s t  Sep t ember in 

the North Area o f  the S P S , but s in c e  WA80 i s  l o c a t e d  i n  t he 

We s t  Area , r e s ul t s  p r e s e n t e d  here were o b t ained l e s s  than f ou r  

mon t h s  ago . C o n s e quent l y , t h e i r  v e r y  pre l iminary nature mu s t  

b e  s t re s se d , a n d  t h o s e  w h o  w i s h  t o  quo t e  the r e sult s given here 

should c on t a c t  the WA8 0 c o l lab orat ion in c a s e  further dat a 

proc e s s ing re sult s i s  s igni f i c ant quant i t a t i v e  change s . 

2 .  Expe r ime n t a l  s e t -up 

The experimen t a l  arrangement o f  WA8 0 ( Re f . 8 )  c on s i s t s  of 

the f o l l owing d e t e c t o r  s y s t ems : the P l a s t ic B al l ,  several 

c harge d-par t i c l e  mul t ;lp l ic ity array s ,  t he Wal l C a l orime t e r , 

SAPHIR ( Singl e - Arm Phot o n  Det e c t or for He avy - I o n  R e a c t i o n s ) ,  

t h e  t ime - o f - f l ight wal l ,  and the Zero -Degree C a l orimet e r . I n  

addit i o n , the s etup i n c l u d e s  several b e am count e r s , a t h i n  

( 5 0 0  microns ) aluminum sphe r i c a l  r e a c t ion chamb er l o c a t e d  i n ­

s ide the P l a s t i c  B al l , a n d  5 - cm-diame t e r  c arb on f i b e r / epoxy 

evacuated b e am l in e s  o f  5 0 0 -micron nominal t h i c kne s s . Great 

care wa s t aken t o  keep all e x t raneous mat erial out o f  the r e ­

a c t ion z o ne , r e s u l t ing i n  negl igib l e  b a c kground l e v e l s  during 

t arge t -out operat ion . Thin t arge t s  were u s e d  to avo i d  s i gn i f i ­

c ant c ontribut i o n s  from s e c ondary interac t ions . The t arget 

t h i c kne s s  were 1 8 5 . 7  mg cm 2 
2 2 

of C ,  2 0 0  mg cm o f  Cu , and 

2 5 0  mg cm o f  Au . The b e am l e v e l  was l imit e d  to l e s s  t han 
6 

2 X 1 0  part ic l e s / S P S  s p i l l .  The p r o j e c t i l e  energy was 2 0 0  GeV/ 

nu c le o n  from Novembe r  1 9  t o  D e c e mb e r  3 ,  1 9 8 6 ,  and 60 GeV/nu c l e ­

on from Dec emb e r  3 unt i l  t h e  e n d  o f  t h e  run o n  D e c emb e r  8 .  The 

det e c t or s y s t em s  o f  WA8 0  are de s c r i b e d  b e l ow .  
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3 .  P l a s t i c  Bal l 
9 

The P l a s t i c  B a l l  i s  the only d e t e c t o r  of WA8 0 that was in 

e x i s t en c e  when t h e  c o l labora t i on was formed . I t  had been in 

opera t i on for f ive years at the LBL Bevalac , unt i l  it was moved 

to CERN in early 1 9 8 6 . I t  c o ns i s t s  o f  6 5 5  6 E - E  par t i c l e - i dent i ­

fying de t e c t or s ,  where the 6 E  c ounters are CaF 2 c ry s t a l s and 

the E c ount e r s  are p l a s t i c  s c int i l lator s . The two type s of 

c ount ers are op t i c a l ly c ou p l e d  and read out b y  one photomult i ­

p l i e r . The s igna l s  are s e p arat e d  b y  p u l s e  shape d i s c riminat ion . 

Th e near - 4 n  c overage o f  the P l a s t i c  Bal l was de c r e a s e d  s omewhat 

to avo i d  the s hadowing o f  down s t re am de t e c t or s . The r e s u l t ing 

p s eudorap i d i t y  c overage i s  - 1 . 7  ( n ( 1 . 3 ,  c orre s ponding ,..., "' 

e s sent i a l ly t o  the rap idity region a s s o c i a t e d  with t arget pro-

duc t s . The devi c e  is  ope rat e d  in a mode in whi c h  i t  ident i f i e s  

and measured t h e  energy o f  c harged part i c le s  from protons 

t hrough alpha s ,  a s  well a s  p o s i t i ve p i o n s . 

The P l a s t i c  B a l l serves the fun c t ion o f  b ot h  a c a l orime t er 

and a mul t ip l i c i t y  d e t e c t or .  It wi l l  provide re sul t s  that c an 

b e  viewed as e x t e n s i ons of the P l a s t i c  B a l l  Beva l a c  program . 

The s e  i n c l ude the study of mat t er f l ow from g l ob al analy s i s , 

determinat i o n  of the ext ent of s p e c t a t or drag from the measure ­

ment of the average value of p
11 

in the target rap idity region , 

e s t imat e s  of entropy from me asured d /p rat i o s , and the e x t rac ­

t i on of s ource s i z e s  and t i me s c a l e s  from part i c l e -part i c l e  

c orre lat ions . The Plas t i c  B a l l  provides a unique c apab i l i t y  t o  

i dent i fy c harged b aryons in t h e  rap i d i t y  region o f  - 1 . 7  ( n 
1 .  5 .  

4 .  Mu l t i p l i c ity D e t e c t o r s  

A unique feat ure of WAS O  i s  the e s s e n t i a l ly c omp l e t e  4 n  

c overage for the me asurement o f  the mu l t ip l i c ity o f  c harged 

part i c l e s  ( p s eudorap idity range - 1 . 7  ( n ( � . 4 ) . Bey ond the 

range o f  the P l a s t i c  Ball , t h i s  c overage is provided by a s e t  

of f our c harge d-part i c le mu l t ip l i c it y  de t e c ':ors , wh i c h  are 

b a s e d  on the Iaroc c i  s t r e amer tube t e chnol ogy . The tub e s  are 

made o f  c arb on- c oa t e d  p l a s t i c , and f i l l e d  with a mixture of 

i s ob u t ane and argon at atmospher i c  p r e s sure . The c entral inner 
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wire i s  kept a t  a p o t en t i a l  o f  4 . 8  kV . An imp inging c harged 

part i c l e  p roduc e s  a l o c a l  d i s charge ( st reame r ) wh i c h  is det e c t ­

e d  via c apac i t ive c o u p l ing b y  means o f  a pad r e adout . The pads 

vary i n  s i ze from 1 x 2 . 5  cm t o  4 x 5 cm depending on t h e i r  l o ­

c at i o n . They are a t t ached dire c t ly o n t o  o n e  s i d e  o f  a printed 

c ir c u i t  b oard wh i c h  a l s o  c arrie s the readout e l e c t ronic s in the 

f orm o f  surfac e -mount e d  integrated c ir c u it s . The mu l t ip l i c ity 

array s are ( i )  Large - Angle Mul t ip l i c it y  D e t e c t or ( LAM ) , l o c a t e d  

a t  2 . 4  m from t h e  targe t , c overing the r e g i o n  be tween 3 0� and 

1 o
•

and c on s i s t ing o f  5 6 6 4  p a d s ; ( i i )  M i d - Rap idity Mu lt ip l i c ity 

De t e c t or ( MIRAM ) , l o c at e d a t  6 m ,  covering the r e g i o n  from 1 3
° 

t o  0 . 9  and c on s i s t ing o f  a doub le layer of 8 1 9 2  pads eac h ; and 

( i i i )  Saphir Mul t ip l ic ity D e t e c t o r  ( SAM) , l o c a t e d  a t  2 . 5  m ,  

w i t h  6 8  = 1 0
°

and 6 �  = 8 o
0

and c ons i s t ing o f  7 2 0 0  pads . The two 

l a y e r s  o f  MIRAM are l o c at e d  i n  front o f  the Wall Calorime t e r , 

and SAM i s  l o c a t e d  in front of SAPHI R .  

Aside from generat ing c harge d-par t i c l e  mu lt ip l i c i t y  dat a ,  

the 2 9 , 2 4 8 -pad mul t i p l i c i t y  array s c o n s t i t u t e  an important 

c omp onent o f  the prompt t rigger s y s t em by f lagging event s i n  

whi c h  ( a )  at l e a s t  N 
m i n  

p a d s  have f i r e d  ( minimum b ia s )  and 

( b )  more than N
h igh 

pads have fired ( high mu l t i p l i c ity event s ) . 

In addit i o n , M IRAM dat a are e x p e c t e d  t o  e nhance t h e  informa t i o n  

d e du c e d  from t h e  Wall C a l o r ime t e r , a n d  SAM me a surement s a r e  

needed t o  he lp i dent i fy c harged-part i c l e -indu c e d  hadro n i c  

s h o w e r s  i n  SAPH I R . 

Pre l iminary t ot a l  c harge d-par t i c l e  mu l t i p l i c i t y  d i s t r i b u t i o n s  
l 0 

obt ained from 3 . 2 - TeV 0 reac t i on s  w i t h  C , Cu and Au t arget 

nuc l e i  are s hown in Fig . 1 .  The dat a  shown a c c ount for only 

a few p e r c ent o f  t h e  t o t a l  available dat a ,  and t h e ir p r e l imi­

nary nature is  again s t r e s s e d . The d i s t r ib u t i o n s  were o b t aine d 

from a tape s c a n  that t ook p l a c e  during a s cheduled inte rrup ­

t i on o f  t h e  experiment . Whi l e  the s t a t i s t i c al errors in each 

bin are only o f  t h e  order o f  a f e w  p e r c e nt , the r e s u l t s  shown 

may b e  sub j e c t  t o  s i gn i f i c ant sy s t emat ic error s .  For examp l e , 

e f fic iency c orre c t ions are expe c t e d  t o  i n c r e a s e  t h e  mul t ip l i c i ­

t i e s  o f  Fig . 1 ,  whi l e  c o rre c t i o n s  f o r  ob served s e c ondary event s 

are expe c t e d  t o  d e c r e a s e  t hem . The s e  c orre c t i on s  are ant i c i -
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p a t e d  t o  be of t h e  order of 1 5 % ,  and the mul t ip l i c it y  s c ale o f  
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Fig . 1 .  Prel iminary t ot a l  c harged-par t i c l e  mu l t ip l i c it y  d i s t r i ­
b u t i o n s  from int erac t i o ns b e t ween 3 . 2 -TeV '." 6 0  nuc l e i  w i t h  C ,  
Cu and Au t arge t nuc l e i . 

Fig . 1 w i l l  pr opab l y  turn out t o  b e  within 1 0 - 1 5 %  o f  the final 

s c al e , after all o f  the appropriate c orre c t i o n s  have been made . 

5 .  Wal l  C a l o r ime t e r  

The ab i l i t y  t o  measure t h e  transve r s e  energy f lux , dE
T

/ d n , 

in t h e  mid-rap i d i t y  region is provided by the modular Wa l l  

Cal orime t e r . The d e s i gn o f  t h e  c a l or imet e r  i s  b a s e d  on the 
1 0 

uranium / p l a s t i c  s c int i l la t or c a l o r ime t e r  of Ake s s o n  et a l . 

It c on s i s t s  of 3 0  s t a c k s , and e a c h  s t a c k  c ontains s i x  2 0  cm by 

2 0  c m  t owe r s ,  o p t i c a l l y  separated from each other b y  cut s in 

the p l a s t i c  s amp l ing mat er ia l . Each tower c o ns i s t s  o f  a lead­

p l a s t i c  e l e c t romagnet i c  s e c t ion o f  15  rad i a t i o n  le ngt h s , p r o ­

v i ding an e s t imat ed c ontainment o f  9 7 %  for 1 -GeV photons ( 9 1 %  

for 3 0 - Ge V  photons ) ,  and a s t e e l -p l a s t i c  hadronic s e c t ion o f  



6 . 2  ab s or p t i o n  lengths with an e s t imat e d  l ongitudinal c on t a i n ­

m e n t  o f  9 8 %  for 5 0 - GeV p r o t on s . Each s e c t i on i s  read out b y  

d u a l  wave l e ngt h - s h i f t e r  p l a t e s  l o c a t e d  on t h e  s i d e s  o f  the 

t ower s .  
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Extens ive p e r formance t e s t s  and c a l ibrat i o n s  o f  the W a l l  

C a l o r imet e r  unit s h a v e  b e e n  c ar r i e d  out , at b o t h  the P S  a n d  the 

S P S  a c c e lerat o r s . The r e s o lut ion , linearit y , c o nt ainme nt , 

p o s i t ion r e s p o ns e ,  and e /h re s p on s e  were evaluat e d . Al l of the s e  

quant i t i e s  were f ound t o  b e  c o n s i s t e n t  w i t h  d e s ign expe c t at io n s . 

At 1 0  GeV / c  the e / rr  rat i o  wa s f ound t o  b e  1 . 3 ,  and the measured 

a / VE r e s o l u t i o n s  were 4 6 %  for c h arged p io n s  and 1 7 %  for e l e c t ­

r on s .  The final c al ib ra t i o n  o f  a l l  c al o r ime t e r  t ower s w a s  made 

i n  the X 1  b e am l ine of the S P S  w i t h  1 0 - GeV / c  e l e c t rons , muo n s , 

and p i o n s . The p h o t o mu l t ip lier r e s p o n s e  to a l a s e r  p u l s er , 

from wh i c h  l i ght i s  inj e c t e d  int o t h e  front of each wave length­

shifter p late , was a l s o  d e t e rmined at t hat t ime . Th i s  p r o c e dure 

made i t  p o s s ib le to r e c over the c al ib ra t i o n  aft e r  the c al o r i ­

me t e r s  were i n s t a l l e d  i n  t h e i r  f i n a l  l o c a t i o n  in t h e  H3 b e am 

l i ne . 

Twe n t y - f our of the Wa l l  C a l orime t e r  s t a c k s  are deployed 

symme t r i c a l l y  around the b e am l ine at 6 . 5  m,  c overing a p s e u ­

dorap i d i t y  range 2 . 4  ( n ( 4 . 4 .  Taking i n t o  a c c ount t h e  P l a s t i c  
� � 

B a l l , WAS D l a c k s  the de t e c t or s  nec e s s ary for the mea s urement o f  

the transve r s e  energy flux o n l y  in a region t h a t  i s  s l i ght ly 

l arger t han one unit o f  p s eudorap i d i t y , i . e .  from n � 1 . 3  to 

n � 2 . 4 .  The remaining s ix s t a c k s  o f  the W a l l  Cal orime t e r , 

however , are l o c a t e d  in t h i s  rap idity gap adj acent t o  the b u l k  

o f  the c a l orime t e r , and , t ogether w i t h  LAM a n d  w i t h  the o r i g i ­

nal t i me - o f - f l ight w a l l  o f  t h e  G S I -LBL P l a s t i c  Ba l l  c o l labora­

t i on ,  they c o n s t i t u t e  a unique s ingle -arm de t e c t or that i s  

c ap ab le o f  s amp l ing the b aryon ( p , d , t ,  t hrough L i )  d i s t ri b u t i o n  

in t h i s  region , a n d  i s  a l s o  exp e c t e d  t o  y ie l d  informat i o n  on 

t h e  d i s t r i b u t i o n  o f  neutrons and o f  ant i p r o t on s . 

The Wal l  C a l orime t e r  t ow e r s  cover ing t h e  forward mid-rap i d ­

i t y  region are u s e d  t o  generat e a p r ompt t rigger s ignal , 

f lagging event s with high-E
T 

value s .  Th i s  i s  a c c omp l i s h e d  b y  

means of weigh t e d  l inear summing o f  dynode s ignal s .  
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Fig . 2 .  P r e l iminary d i s tr i b u t i o n s  of transver s e  energy me asured 
i n  the p s e udorap idity range o f  2 . 4  ( n ( 3 . 9 from int e r a c t ions 
o f  3 . 2 -TeV 1 6 0  nuc l e i  w i t h  C ,  Cu and Au . 

The p r e l iminary transve r s e  e nergy d i s t r ib u t i on s  are shown 
1 6 

for 3 . 2-TeV 0 reac t i o n s  w i t h  var i o u s  t arge t nu c l e i  in Fig . 2 .  

The dat a were o b t ained b y  t he s ame means a s  t h o s e  o f  Fig . 1 ,  
and the s ame d i s c l a imer r egarding t he i r  p r e l iminary nature t o  

t h em .  The r e su l t s shown were obtained from t he 2 4  Wa l l  Calor i ­

me t e r  s t a c k s , exc luding t h e  f o u r  inner t owers a n d  c overing t h e  

p s eudorap idity range of 2 . 4  ( n ( 3 . 9 .  As i n  t h e  c a s e  of t h e  ,., ,.., 
mu l t i p l i c ity r e s u l t s ,  the s y s t emat i c  e r r o r s  in t h e  ET value s 

extrac t e d  from t h e  W a l l  C a l orime t e r  are e s t imat e d  to be l e s s  

than 1 5 % .  The data of Fig . 2 are c o n s i s t ent , w i t h i n  t h e  quoted 1 1 
e r r or s , with the r e s u l t s  of the NA3 5 c o l l ab orat ion . Wh i l e  

quant itative argument s  a r e  n o t  g i v e n  here , it i s  reas onab l e  t o  

c onc lude from b ot h  s e t s  o f  dat a that t h e  degr e e  o f  nu c l ear 

s t opp ing is h igh . 
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6 .  SAPHIR 

The SAPHIR d e t e c t o r  has b e e n  de s igned to inve s t igate one of 

the p romi s ing s ignature s o f  the forma t i o n  o f  QGP , the pro duc t ­

i o n  o f  dire c t  p h o t on s . S e veral produ c t i o n  me c hanisms have b e e n  

c on s idere d . These inc lude quark-ant i quark annihi lat i o n , quark ­

gluon Comp t on s c a t t ering , and t h e  quark mat t e r  e qu ivalent o f  

b rems s t rahlung . I t  i s  b e l ieved t h a t  the dire c t  p h o t o n  s pe c t rum 

i s  r e l at e d  to t h e  t empe rature of the QGP . In order to be ab l e  

t o  det ermine the s p e c t rum o f  dire c t  p h o t o n s , the det e c t or h a s  

t o  b e  c apab l e  of ident i fying t h e  l arge bac kground o f  p h o t o n s  

f r o m  t h e  decay of n e u t r a l  p ions a n d  e t a  me s on s . Thi s  c an o n l y  

b e  achieved b y  the re c on s t r u c t ion o f  the de c ay ing-me son e vent s ,  

and the h igh-granularity SAPHIR i s , there fore , a l s o  an e x c e l ­

l e n t  det e c t or f o r  t h e  mea surement o f  neutral p i o n  s p e c t r a . I t  

c ons i s t s  of 1 2 7 8  a c t ive l e ad - g la s s  modul e s ,  each o f  dime n s i o n s  

3 - � x 3 . 5  x 4 6  c m ,  arranged t o  c over an a r e a  o f  9 8 . 0  x 1 7 1 . 5  

cm . The c e n t e r  o f  the front surfa c e  o f  the d e t e c t o r  i s  l o c a t ­

e d  at 3 . 1 2 cm from t h e  t arget and at 2 0
°

with re s p e c t  t o  t h e  

b e am dire c t io n ,  c overing an approximate p seudorap i d i t y  range 

of 1 . 5  i n i 2 . 1 .  The c h o i c e  of module s i i� is b a s e d  pr imarily 

o n  the re s u l t s  o f  t h e  GAMS c o l laborat ion , and the 1 8  radiat ­

i o n  lengt h s  of S F 5  lead-gla s s  gurant ee a 9 8 %  s hower c ontain­

ment for 3 0 -GeV p h o t on s . 

Protot ype de t e c t or t e s t s  have b e e n  c arried out at DESY w i t h  

e l e c trons o f  0 . 6  t o  6 GeV , a n d  e x t e n s ive f u r t h e r  t e s t s  and 

c a l ib r a t i o n s  have b e e n  carried out at the CERN P S  and S P S  

a c c e lerator s . The re s u l t s  w e r e  f o u n d  t o  b e  e i t he r  c on s i s t e n t  

w it h , or s omewhat s u p e r i o r  t o ,  d e s ign e xp e c t at i o n s . T h e  e nergy 

re s o lu t i o n  a / E  was found t o  b e  ( 6 . 0 % / VE + 0 . 4 % ) , c orresponding 
0 0 

t o  a TI ( n  ) ma s s  re s o lu t i o n  of a few p e r c e nt depe ndent on 
0 0 

the TI ( n  ) energy . The p o s i t ion re s olut ion i s  b e t t er t han 

4 mm , and adj a c e nt shower separation is p o s s i b l e  for d i s t an c e s 
0 

great e r  t han 2 . 4  cm at t h e  surfac e of the d e t e c t o r . The TI 

re c on s t r u c t i o n  e f f i c iency r i s e s  from 2 0 - 3 0 %  at low ( 0 . 2 - 0 . 3  

GeV/ c )  valu e s  of the p ion t ransver s e  mome nt um , p� , t o  about 
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8 0 %  at 2 GeV/c  and about 9 0 %  at 6 GeV/c . At still  larger 0 0 
value s of Pi ' the TI effic iency decrease s .  A sharp TI peak  was 
obtained in the invariant mas s  spc ct�um, �e constructed on-line , 
f?r event s wit� EYY  energies  greater than 2 . 5  GeV, and dist inct 
TI peaks were also obtained at lower EYY  energie s . SAPHIR is 
another c omponent of the prompt trigger system,  flagging events 
with a mini mum number of  hj  gh ·· energy photo,-,s . As in the case 
of the Plastic Ball and the Wal l  Calorimeter , its  calibration 
and stab ility are det ermined by means of  a laser pulser . 

Among the preliminary quantities  of  interest  extracted from 
SAPHIR are the averafe values of the transverse  momentum of  
neutral pions , ( pi ) TI , and the  s lope s o�  the  neutral transverse 
energy distributions , dN/dET . The ( pi ) TI  value s were c orrelated 
with maximum value s of the charged-parti c le mult iplicity , 

l 6 0 
( dNc /dn ) max . For 3 . 2 -TeV 0 + Au ( pi ) TI  was found t o  b e  con-
stant at about 500 MeV/c  for ( dNc /dn ) max value s b etween 30 and 
80 . For value s  of ' dNc /dn ) max greater than 1 0 0 ,  somewhat high­
er v��ue s  of ( pi ) TI  0 ( up to 5 5 0  MeV/c ) were ob served . At 9 6 0 -
MeV 0 + Au , ( pi ) TI was found t o  be  approximately 4 2 0  MeV/c . 
The inverse  s lope s of the neutral ET distribution were found 
to be s imilar for the three target s  ( C ,  Cu and Au ) ,  ranging 
from about 2 0 0  MeV to about 2 5 0  MeV . The se two findin�� are in 
qualitative agreement with hydrodynamical predictions and with l 4 
predict ions of pion radiation from a hot plasma but are in-
consistent with both the LUND and HIJET models . 

7 ,  Zero-Degree Calorimeter 

The final WA8 0  detector t o  b e  discus sed  is  the Zero-Degree 
Calorimeter ( ZDC ) . Thi s  8-ton uranium-pla�i t ic  sampling calori­
meter  i s  located b ehind the 7 , 5  cm by 7 , 5  cm beam line hole in 
the Wal l  Calorimeter , and i s  a key c omponent of the trigger 
system.  The three primary des ign c onsiderations were near­
total c ontainment for protons of 2 2 5  GeV, exce llent energy 
re solution , and fast c ount -rate capab ility . A de sign criterion , 
based on simulation calculations , was the ab ility of the ZDC 
to dist ingui sh between the simultaneous incidence of  e ither 
15 or 16 nuc leons of 5 0  GeV . The dimensions of  the ZDC are 



6 0  cm x 6 0  cm x 1 8 9  c m ,  with an e l e c t romagne t i c  s e c t i on o f  

1 7 2  c m .  

T h e  main purp o s e  o f  the ZDC i s  t o  charac t e r i z e  the degree 

of v i o l e n c e  o f  each c o l l i s ion by me asuring t h e  remaining 
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e nergy of the proj e c t i l e  spe c t at or s . In s om� c o l l i s ions b etween 1 6 
0 proj e c t i l e s  and Au nuc l e i , no e ne rgy was ob s e rved in t h e  1 6 

ZDC , whi l e  in r e a c t ions b e tween 0 and C nuc le i ,  s ome proj e c t -

i l e  fragmentat ion energy wa s alway s ob s erve d , a s  might b e  e x ­

p e c t e d  from the r e l a t ive s i z e s  of the c o l liding nuc l e i . Thi s  

e f f e c t  i s  s e e n  i n  Fig . 3 ,  which shows t h e  c harged-par t i c l e  

mult ip l ic ity a s  a func t io n  o f  t h e  ob s erved energy i n  t h e  ZDC 
1 6 

for r e ac t ions of 3 . 2 -TeV 0 with c ,  Cu and Au . At the high-

e ne rgy end , t he cut off a t  2 . 7  TeV i s  d e t e rmined b y  the t rigger 

adj u s t ment . There i s  no low-energy exp e r iment a l  c ut off in the 

data o f  Fig .  3 .  The ve r t i c a l  dashed l in e s  indi c at e  widths ( o )  
of the mul t i p l i c ity d i s t r ibut ions . 
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Fig . 3 .  Pre l iminary t o t a l  c harged-part i c le mult ip li c ity a s  
a func t ion of t h e  e ne rgy ob s e rved i2 t h e  Z e r o -Degree C a l o r i ­
met e r  from i nt e r a c t i on s  o f  3 . 2 -TeV 6 0 w i t h  C ,  C u  a n d  Au . The 
vert i c a l  dashed l in e s  are not error b ar s . They indic ate the 
widths ( o )  of the mult ip l ic it y  d i s t r i b u t i on s . 
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8 .  E s t ima t e s  o f  Energy Dens i t i e s  

A n  e s t imat e  o f  t h e  range of energy densit i e s , E ,  produ c e d  

i n  the c e nt ra l  c o l l i s ions i s  of c ruc i a l  int e r e s t  due t o  i t s  

r e l e vance t o  t h e  p o s s ib l e  forma t i o n  o f  t h e  QGP . Unfortuna t e l y , 

no s imp le , r e l i a b l e  me thod e x i s t s  t o  extract t h i s  quant ity 

from the measured dat a .  The f o l lowing expre s s i o n  i s  o f t e n  u s e d  1 5 
in c o smic - ray s t u d i e s  and i s  due t o  Bj orken . 

E = 
3 
2 

(dN
c) 

( M  ) 

dY y = O  .L 
2 

n R c t
0 

3 
( GeV / fm ) ,  

where M
.L 

= VP� + m: � R = radius of r e a c t ion c y l inder ( �R pro­

j e c t i le ) , and t
0

"' 1 fm/ c . The charged -part i c le mu l t i p l i c i t y  

d i s t r i b u t i o n  dN
c

/ dy i s  approximated b y  dN
c

/ d n . S i n c e  w e  have 

measured c harge d-part i c le mul t ip l i c i t i e s  ( in MIRAM ) c orrelated 

with energi e s  ( in t h e  Wal l Calorime t er ) ,  i t  i s  p o s s ib l e , u s i ng 

t h i s  pre s c ript i o n ,  t o  c al culat e , event by eve nt , d i s t r ib u t ions 

o f  e vent s i n  a ( p
.L

) ( average transverse momentum per part i c le ) 

vs . energy den s i t y  diagram . We have '�nsrat e d  s u c h  d i s t r i b u ­

t ions from o u r  pre l im inary data f o r  0 + A u  at 6 0  a n d  2 0 0  

GeV/nuc l e on . I n  b o t h  c a s e s , t h e  peak o f  the ( p
.L

) d i s t ribut ions 

is e s t imat e d  to b e  at ab out 350 MeV / c  for cent ral e vent s .  In 

the e ne rgy den s i t y
3

dime n s i o n , t h e  p e a k s  are l o c a t e d  at about 

0 . 7  and 1 . 3  GeV/ fm for t h e  60 and 2 0 0  GeV l nu c l eon c as e s , 

re �p e c t ively , w i t h  t a i l s  e x t ending t o  about 1 . 1  and 2 . 0  GeV/ 

fm . Due t o  b ot h  t h e  ad h o c  nature of the ab ove pre s c r ip t ion 

and due t o  the limi t e d  numb e r  of event s u s e d  t o  generate t h e  

d i s t r i b ut i on s , the c rude , qua l i t at ive , nature of the ab ove 

d i s c u s s i o n  is s t r e s s e d , and the numb e r s  are not to b e  quot e d . 

9 .  Conc luding Remark s  

I n  summary , w e  have p r e s e n t e d  p r e l iminary WAB O dat a from 1 6 
int e ra c t i on s  of 0 w i t h  C ,  Cu and Au at 6 0  and 2 0 0  GeV/nu c l e -

o n .  The s e  have inc luded t ot al c harged-par t i c le mu l t i p l i c ity 

d i s t r i b ut ions and transve r s e  energy d i s t r ibut ions . Ranges of 

t ransve r s e  momentum p e r  part i c l e  and of p o s s i b l e  e ne rgy den s i ­

t i e s  were d i s c u s s e d . S ome o f  t h e  unique features of WAB O were 
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stre s s ed .  The s e  are : ( 1 )  c omplete  c overage of the target 
rapidity region , ( 2 )  complete  c overage of  charged-particle  
multiplicity  measurement , and ( 3 )  measurement of intrinsic 
photons . WA8 0  was the only experiment with no magnetic  analys­
is and the  only large-scale  experiment t o  obtain product ion 
data during the 1986 run which did not involve , primarily , 
the rec onfiguration of an existing SPS experiment . From the 1 6 
point of  view of the WA8 0 collab oration , the 1986  0 running 
period was very suc c e s s ful , and we wish to c ommend all members  
of the  CERN , GSI , and LBL accelerator groups that have made 

l 6 
the remarkable operation of  the SPS with 0 ions possible . 
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