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HIGH I\IEUTHAL '1-HANSVERSE ENERGY EVENTS A T  T H E  CERN ISR 

P .T .Cox  

CERN, Geneva, Swi tzer land  

! 
:. . . .. . 

A B S T R A C T :  T h e  C E R N - o x f o r d - ~ o c k e f e l l e r  (COR) co l laborat ion has ob ta ined  

' n e u t r a l  t r a n s v e r s e  energy ,  ETO, spec t ra  i n  pp col l is ions a t  \/s = 30.5, 45.0, 

a n d  62.3 GeV.  Ev idence . is p resen ted  f o r  t h e  i nc reas ing  ' dominance o f  2 - j e t  
. c v c n t s  a s  ETn i~scryases .  



T h e  COR" expe r imen t  R l l O ,  ' shown i n  F i g .  1, cons is ts  o f  a  sup,erconduct ing 

,solenoid enc los ing  a se t  o f  c y l i n d r i c a l  dr i f t  chambers, a  b a r r e l  hodosgope o f  

sc in t i l l a t i on  coun te rs  ( A ) ,  a n d  f o u r  modules o f  l ead -sc in t i l l a t o r  shower coun te rs .  

A r r a y s  o f  lead g lass  o u t s i d e  t h e  magnet  ,complete t h e  t o ta l  az imuthal  coverage 
2 f o r  e lec t romagnet ic  ( n e u t r a l )  e n e r g y  . T h e  acceptance i s  approx imate ly  2n. i n  

az imuth,  a n d  -+ 1 .2  u n i t s  o f  r a p i d i t y ,  c e n t r e d  on  y=O. 

I 
F i g u r e  1:  V iew  o f  appa ra tus  F i g u r e  2 :  ETo spec t ra  a t  Vs= 

normal  t o  beams 30.5, 45.0, a n d  62.3 GeV, 

j As p a r t  o f  t h e  p r o g r a m  o f  h i g h  pT p h y s i c s  s t u d i e d  w i t h  t h i s  de tec to r  we 

'used a t o ta l  ene rgy  tr igger; i n  wh i ch  al l  t h e  p u l s e  h e i g h t s  seen i n  t h e  shower 
I 
c o u n t e r s  a n d  lead g lass b locks  we re  summed, a n d  t h e  t o ta l  requi'.red t o  b e  above 

some th resho ld ,  t yp ica l l y  20 GeV. T h e  t r a n s v e r s e  e n e r g y  ET  f o r  each counter ,  

i n  t h e  pp cent re -o f -mass  (CM), is  ~ , ~ = \ / ( p ~ * ) , ,  assuming  a zero  mass p a r t i c l e  

coming f r o m  t h e  e v e n t  v e r t e x  measured w i t h  t h k  cha rged  t r a c k s .  T h e  to ta l  neu-  

t r a l  t r a n s v e r s e  e n e r g y  i s  t h e  sum o v e r  a l l  coun te rs  con ta in i ng  energy ,  ETO = 
;I€-,-. M u l t i p l e  even ts  a r e  a severe  p rob lem when .us ing  such  a loosely con-  

/ s t r a i ned  t r i g g e r  a t  luminosi t ies -5x1031 ~ m - ~ s - ' ,  o u r  t y p i c a l  r u n n i n g  luminosi -  

ty., T h e r e  a r e  T D C s  o n  e v e r y  shower c o u n t e r  a n d  sc in t i l l a to r ,  a n d  by examin ing  

t h e  t ime s t r u c t u r e  of t h e  c o u n t e r  h i t s  we can rej'ect even ts  w i t h  mu l t i p l e  t ime  

c l us te rs .  T h i s  is  checked  b y  s t u d y i n g  da ta  t a k e n  a t  f o u r  separate luminosi t ies,  

a n d  by sea rch ing  f o r  m u l t i p l e  ve r t i ces  w i t h  t h e  c h a r g e d  t r a c k s .  We re jec t  -90% 

of  t h e  t r i g g e r s  a t  t h i s  high . l um inos i t y .  Fo r  t h i s  p r e l i m i n a r y  w o r k  w e  have  o n l y  

used da ta  co l lected a t  a  l um inos i t y  -1 .5x1031 w h e r e  o n l y  -50% o f  t h e  t r i g g e r s  a r e  

necessary  f o r  t h e  ana lys is ) .  

in F ig .2  f o r  t h r e e  V s  v a l u e s : , T h e s e  

w i t h i n  t h e  same shower counter ,  a n d  

e n e r g y  seen i n  t h e  ca lor imeter .  

T h e  i n t e g r a t e d  luminosi ty ,  Y ,  is 



. - 
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j Fig.4.  T h e  decrease as ETO increases shows t h e  i n c r e a s i n g l y  b a c k - t o - h a c k  

n a t u r e  o f  t h e  je ts .  

We de f i ned  a s p h e r i c i t y ,  S, by S=S,+S,, w i t h  Sn = (3/2) I j T i 2 / z p i 2 ,  w h e r e  

n=1,2 labels t h e  t w o  j e t  axes, t h e  sums w e r e  o v e r  a l l  pa r t i c l es  i assoc ia ted w i t h  

ax i s  n, pi i s  t h e  p a r t i c l e  momentum, a n d  jTi i t s  t r a n s v e r s e  momentum re la t i ve  t o  

i t s  j e t  ax i s  n, F i g . 5  shows d i s t r i b u t i o n s  of S f o r  t w o  sets  o f  data,  one  w i t h  " 

mean ETO -10. G ~ V ,  a n d  t h e  o t h e r  w i t h  ETa -20 GeV.  T h e  t e n d e n c y  f o r  S t o  de -  

crease a t  h i g h e r  ETO i s  also demons t ra ted  by F ig .6  i n  w h i c h  t h e  mean S a t  each 

ETo i s  p l o t t e d .  

I Sphericity 

F i g u r e  5: D i s t r i b u t i o n s  o f  S a t  F i g u r e  6: T h e  mean s p h e r i c i t y  v s  ETa.  

<ETO>"10 a n d  -20 GeV.  

\ .  
We can examine t h e  mean pT o f  t h e  d i j e t  system, as y e t  u n c o r r e c t e d  f o r  ot.lr 

reso lu t ion .  T h i s  has a mean va lue  o f  2 .9  GeV/c a t  a  d i j e t  e f f e c t i v e  mass o f  -15 

GeV, a n d  4.0 GeV/c a t  a mass o f  -25 GeV.  T h e s e  a r e  v e r y  s imi lar  t o  t h e  mean 

pT 's  o f  nono pa' i rs o f  s imi lar  mass. 
- 

F ina l l y ,  we  have  s t u d i e d  t h e  components  o f  t h e  t r a n s v e r s e  momentum, jT, o f  

t h e  c h a r g e d  pa r t i c l es  re l a t i ve  t o  t h e  T j e t  ax is .  We d e f i n e  t h e  s c a t t e r i n g  p lane  
1 

as t h e  p l ane  con ta in i ng  t h e  pp beams.  a n d  t h e  T j e t  v e c t o r .  T h e n  jTO is  t h e  

component  o f  j T  i n  t h e  s c a t t e r i n g  plane, a n d  jT  i s  t h e  component  o u t  o f  t h e  9 
p lane .  F igs .7 (a )  a n d  (1) r l l o w  lllr mean jTe a n d  jT9 as f u n c t ~ o n s  o f  t h e  pT o f  

I 
t h e  c h a r g e d  pa r t i c l es .  T h e  f l a t t e n i n g  o f  t hese  va lues  i s  n o t  d u e  t o  t h e  accep- 
I 
t ance  alone, as can b e  seen f r o m - t h e  p o i n t s  labe l led  ' random' .  F o r  t h e s e  t h e  di- 

l rect ions o f  t h e  t r acks ,  r e l a t i ve  t o  t h e  jet ,  w e r e  randomized  by g e n e r a t i n g  r a n -  
I 
'dom 8 ( i n  t h e  jTe case) o r  9 ( i n  t h e  j case) a c c o r d i n g  t o  t h e  ac tua l  0  a n d  4 
! TO 
d i s t r i b u t i o n s ,  a n d  t h e n  jT was reca lcu la ted .  T h e  random va lues  a r e  l a r g e r  t h a n  

t h e  rea l  ones, i n d i c a t i n g  t h a t  t h e  je ts  d o  show t h e  expec ted  l im i ted  jT  behav -  

' 3) i o u r  . T h e  ac tua l  va lues depend  u p o n  t h e  c u t s  u s e d  a n d  t h e  j e t  d e f i n i t i o n  o f  

course ,  so t h a t  t h i s  s t i l l  needs some w o r k .  



8 1 . 8 ~ 1 0 ~ ~  T h e  s t r a i g h t  l i n e  i s  a  fit t o  an  exponent ia l ,  -exp( -0 .86ET0) ,  

o v e r s t h e  10  t o  20  G e V  r a n g e  in E T O  Not ice  t h e  dev ia t i on  f r o m  exponent ia l  above  

a b o u t  20 G e V .  

We s t u d i e d  t h e  e v e n t  s t r u c t u r e  o f  t h e  Vs=62 G e V  da ta  by f i r s t  c l u s t e r i n g  t h e  

n e u t r a l  ene rg ies .  Someth ing  ove r .  94% o f  t h e  e n e r g y  appears  i n  c l u s t e r s .  T h e n  

we c a n  f i n d  t h e  t w o  c l u s t e r s  w i t h  h i g h e s t  t r a n s v e r s e  e n e r g y ,  ( E T O ) i  a n d  

' (ET0)2,  a n d  f o r m  t h e  r a t i o  o f  t h e i r  sum t o  t h e  t o t a l  ETO i n  t h e  e v e n t .  T h e  

mean o f  t h i s  r a t i o  i s  shown  asca f u n c t i o n  o f  ETO i n  F ig .3 .  T h e  r i s e  t o  a  va lue  

1-0.80 i s  a  c l e a r  i n d i c a t i o n  o f  t h e  two-component  s t r u c t u r e  o f  t h e  even ts .  We 
i 
:a lso n o t e  t h a t  t r i g g e r i n g  o n  o n l y  t h e  e lec t romagnet i c  p a r t  o f  t h e  e n e r g y  induces  

> 
! an  ETO dependence  i n  t h e  r a t i o  o f  t h e  t o t a l  ET i n  c h a r g e d  pa r t i c l es  t o  t h a t  i n  

n e u t r a l s .  T h i s  decreases f r om 0.50 t o  0 .25 o v e r  t h e  same ETO range .  

' F i g u r e  3: ( (ETO)  1+(ET0)2) /ET0 F i g u r e  4: T h e  mean A + ( r . m . s . )  

I v s  ETo1 d e s c r i b e d  i n  t h e  t e x t .  i be tween t h e  j e t  axes v s  ETO. 

S c a n n i n g  i n d i v i d u a l  e v e n t s  o f  ETO > 2 4  GeV  , showed  t h a t  i n  a  l a r g e  p r o p o r -  

t i o n  o f  t h e m  t h e  n e u t r a l  e n e r g y  was i ndeed  depos i t ed  i n  t w o  loca l ized c l us te r s ,  

w i t h  mos t  o f  t h e  c h a r g e d  pa r t i c l es  p o i n t i n g  t o w a r d s  ..them. We now p e r f o r m e d  a  
I 
.s imple j e t  ana l ys i s .  O u r  g lgor i thm was t o  d i v i d e  a l l  t h e  momenta i n  an  e v e n t  
i 
! in,to t w o  hemispheres,  ca lcu la te  t h e  v e c t o r  sum i n  each, a n d  choose t h e  normal  

t o  t h e  l a r g e r  sum t o  d e f i n e  a n e w  s p l i t .  T h i s  was repea ted  u n t i l  t h e  v e c t o r  sums' 

! s tab i l i zed .  T h e  l a r g e r  sum was t h e n  t a k e n  t o  d e f i n e  t h e '  T o w a r d  ( T )  j e t  axis,  

!and t h e  sum i n  t h e  o t h e r  h e m i s p h e r e  d e f i n e d  t h e  A w a y  ( A )  ax is .  No te  t h a t  t h e  , 

!axes need  n o t  b e  b a c k - t o - b a c k .  I n  t h i s  p r e l i m i n a r y  w o r k  we used  o n l y  t h e  neu -  

l t r a l s  t o .  d e f i n e  the axes, a l t h o u g h  t h i s  i s  n o t  necessary .  T h e  pa r t i c l es  i n  t h e  
I 
: even t  w e r e  assoc ia ted w i t h  t h e  T j e t  if t h e y  f e l l  i n  t h e  T j e t  hemisphere;  o t h e r -  
i 
,wise t h e y  w e r e  ass igned  t o  t h e  A  j e t .  T h e  az imutha l  co r re l a t i on  be tween t h e  

' two  j e t  axes  can  be. seen by exam in ing  A + = T T - ( + ~ - + ~ ) ,  w h e r e  bi is  t h e  az imuth  o f  
!. 
je t  i .  T h e  r . m . s .  w i d t h  o f  t h e  A+ d i s t r i b u t i o n ,  A+( r .m.s . ) ,  i s  p l o t t e d  i n  . . . . . - .. . . . . - . . . . . 
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i 
' F i g u r e  7(a) : T h e  mean jTe v s  p T  o f  . F i g u r e  7 ( b )  : T h e  mean jTg v s  pT o f  

i c h a r g e d  pa r t i c l es .  cha rged  pa r t i c l es .  

I 
I have  p r e s e n t e d  ET>pectra a t  V s  = 30.5, 45.0, a n d  62.3 GeV, a n d  shown 

t h a t  t h e r e  i s  c lear  ev idence o f  t h e  emergence o f  j e t ,  s t r u c t u r e  a t  E T O s  above 2 1  
I . -. 

I GeV. T h i s  i s  con f i rmed  b y  th.e decrease o f  t h e  mean s p h e r i c i t y  as ETO inc reas-  . . .  

ies,  a n d  t h e  l im i ted  jT behav iou r  o f  t h e  c h a r g e d  pa r t i c l es .  Fo r  t h e  f u t u r e  we 

:expec t  t o  e x t e n d  o u r  ETO r a n g e  f o r  t h e  s t u d y  o f  2  a n d  3- je ts .  a n d  hence con- 

t i n u e  t h e  s t u d y  o f  pa r i on -pa r ton  s c a t t e r i n g  a n g u l a r  d i s t r i b u t i o n s  s t a r t e d  w i t h  
4 n0n0 data  . 
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