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I. INTRODUCTION 

Among the  penetrat ing probes of nuclear  matter the  most f requent ly  discussed 
have been those which involve the  de tec t ion  of photons o r  leptons with n q  = PT 
< 3 GeV. 
quarks and gluons. 
co l l i s ions  of nuclei  t he  proper t ies  of high PT jets may a l s o  r e f l e c t  the  
cha rac t e r i s t i c s  of the nuclear  medium through which the  parent partons have 
propagated j u s t  after the  col l is ion. '  p 2  

uses of such a probe. 

This is the  expected range of emission from a hot,  thermalized plasma of 
The suggestion has been made t h a t  i n  very high energy 

In t h i s  note we expand on t h e  poss ib le  

11. HIGH PT JETS 

Consider a high energy nuclear  c o l l i s i o n  in which a p a i r  of partons s u f f e r s  a 
'..'.',,'hard sca t te r ing  event of t h e  sort which produces the  hadronic jets observed at  

l a rge  transverse momentum in pp and i p  co l l i s ions .  
jets may be the hadronization of a quark o r  gluon which has propagated through a 
substantial. volume of quark-gluon plasma produced in t he  co l l i s ion .  The average 
propert ies  of such jets may be measurably d i f f e r e n t  from those of "ordinary" jets. 
W e  have i n  mind two possible  e f f ec t s :  

One o r  both of t he  observed 

, .  
1) The hadronization of ordinary jets proceeds as  q i  p a i r s  are mater ia l ized 

from the  QCD vacuum ( the  "sea"). 
through the -- r e a l  sea of a deconfined plasma hadronizes with q u i t e  d i f f e r e n t  
propert ies  which could s i g n i f y  t h e  presence of a plasma and provide clues  t o  i t s  
charac te r i s t ics .  The parameters of jets i n  which these d i f fe rences  might show up 
include the fragmentation funct ion f (Z) ,  t he  t ransverse  momenta of fragmentation 
products r e l a t i v e  t o  the  jet  axis, .and the  f l a v o r  content of t he  leading 
pa r t i c l e s .  Spec i f ica l ly ,  i f  c h i r a l  symmetry i s  restored i n  t h e  plasma we may 
expect an enhanced f r a c t i o n  of strangeness and heavier  f l avor s  among the  
fragmentation products of t h e  jet. In addi t ion ,  one should be s e n s i t i v e  t o  a 
possible  halo of s o f t  p a r t i c l e s  accompanying the  je t ,  wbich may arise from 
"radiative" e f f ec t s  as the  parent parton t r ave r ses  the  plasma. 
s o f t  pa r t i c l e s  i n  excess of t he  minimum bias  background has been observed i n  
mult i - je t  events seen i n  the UA-1 experiment at the  CERN pc co l l i de r .  

It may be t h a t  a quark o r  gluon propagating 

a 

Such a component of 

3 

2) The cor re la t ion  wi th in  p a i r s  of j e t s  should be examined f o r  evidence of 
the cha rac t e r i s t i c  energy loss behavior sugges.ted by B j  orken.' 

. and gluons t ravers ing  the  plasma may s u f f e r  energy loss comparable t o  the  i n i t i a l  
PT, giving rise t o  a t ransverse  momentum imbalance i n  the  j e t  p a i r  which is  not 

Wgh energy quarks 
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seen i n  pp co l l i s ions .  
periphery of the plasma volume r e s u l t s  i n  one j e t  escaping unattenuated while t h e  
o the r  i s  completely absorbed. 

In the  e x t r e m e  case a hard scatter occurring near t he  

- To do these experiments w e  must de t ec t  jets and, i n  many instances,  reso lve  
ind iv idua l  particles within jets. 
t h a t  t h i s  w i l l  require  PT ( j e t )  > 20 G e V ,  and t h a t  these experiments w i l l  only be 
ca r r i ed  out i n  high energy co l l i d ing  beam machines. 
contemplated probes of a quark-gluon plasma, which involve the  detect ion of s o f t  
p a r t i c l e s  amongst t he  very high m u l t i p l i c i t y  background, these measurements allow 
f o r  very selective ca lor imet r ic  t r i g g e r s  on l o c a l  t ransverse energy deposit ion.  
Fig. 1 shows a possible  de tec tor  arm covering 2 u n i t s  of r ap id i ty  centered at  y = 
0, and 90" of azimuth. 
heavy quark jets at CBA. The de tec tor  is  based on a well-segmented, high 
reso lu t ion  calorimeter,  and includes t racking  chambers capable of resolving 
ind iv idua l  tracks within jets.  
ident i fy ing  both e lec t rons  ( t r a n s i t i o n  r a d i a t i o n  de tec tors )  and muons associated 
with jets. The co r re l a t ion  experiment would require  two such arms. W e  have not 
examined in d e t a i l  t he  performance of such a de tec tor  arm i n  a heavy ion  c o l l i d e r ,  
but we believe it would be w e l l  sui ted.  Again, t h i s  i s  because the  s tud ie s  we are 
i n t e r e s t e d  in here allow an e f f e c t i v e  an t i - se lec t ion  of the  low PT p a r t i c l e s  
which give the most formidable backgrounds i n  these  events. 

From experience at the CERN co l l ide r ,  we expect 

Unlike most of t he  

This de t ec to r  arm w a s  a design study4 f o r  the de tec t ion  of 

The device w a s  designed t o  have good ef f ic iency  f o r  

To estimate the rate f o r  observin jets we take  the cross  sec t ion  f o r  p-p 
c o l l i s i o n s  and assume t h i s  scales as A . The ptp + jet  + x cross  sec t ion  i s  given 
by ISAJET.' The number of jets produced i n  a year  of running is: 

s 

N = L T a A 2  

where (J is  the cross  sec t ion  i n  pp c o l l i s i o n s ,  and we take  f o r  t he  luminosity L and 
t i m e  T: 

L = 10 27 cm -2 sec-' 

T = lo7. sec/machine year 

The number of jets per year f o r  various PT thresholds  is shown i n  Pig. 2 as a 
func t ion  of the machine energy. 

For heavy ions,  the minimum PT €or observable je ts  is higher than i n  p-p 
c o l l i s i o n s  because of the  many s o f t  p a r t i c l e s  produced. For pp co l l i s ions  at 
acce lera tor  energies where j e t s  are observed, t he  p a r t i c l e  densi ty  (charged p lus  
neut ra l )  2t mid-rapidity is : 

. dn - = 4. 
dY 

The KNO mul t ip l i c i ty  d i s t r i b u t i o n  gives: 



With <ET> .4 GeV/particle, we obtain: 

- dET = (1 .6  k 0.8) GeV,  - dY 

where the  f luc tua t ion  comes j u s t  from the  m u l t i p l i c i t y  d i s t r ibu t ion .  

Now consider A + A col l i s ions ,  Treat ing these  as A independent pp co l l i s ions  
we obtain: 

dET(AA) - = (1 .6 A 2  .8 f A  ) GeV. 
dY 

For A = 200: 

dET( A=200) 
%- = (320 -+ 11.5) GeV. 

dY 
,a 

Since the  highest  energy heavy ion c o l l i d e r  present ly  under discussion has 
JS/A 2* 100 + 100 GeV/amu, no jet  w i l l  ever dominate the  t o t a l  
In order t o  be observed, the PT of the j e t  must be l a r g e r  than the ET i n  a cone 
l a rge  enough t o  contain it f u l l y ,  say Ay = 1, A@ = 45". 

dis t r ibu t ion .  

Then f o r  A = 200 : 

PT(je t )  > dET Ay A 4  = 40 GeV/c .  - 
Alternat ively,  we might ask t h a t  2 PT ( j e t )  be l a r g e r  than the  f luc tua t ions  of 
ET i n  the cen t r a l  Ay = 2 interval of rapidi ty .  Hence f o r  A = 200, requiring > 
4a : 

1 dET 
PT(je t )  > 7 (7 ) Ay x 4 = 45 GeV/c .  

These r e s u l t s  imply tha t  the  observation of jets is  poss ib le  i n  high energy 
co l l i s ions  of heavy nuclei ,  but t ha t  f o r  these experiments there  is a premium on 
reaching the  highest  possible  energy. Referring t o  Fig. 2 ,  taking the  curve f o r  
PT > 40 GeV/c ,  we see t h a t  je ts  should be v i s i b l e  i n  usable  numbers f o r  a 100 + 
100 GeV/amu co l l ide r ,  

111. DEEP I N E M T I C  SCATTERING VIA DRELL-YAN PAIRS 

It may be t h a t  high PT leptons produced in  t h e  massive Drell-Yan continuum 
can be exploited as a probe of the  nuclear medium. 
i n t e r e s t  i f  there  w e r e  reason t o  expect observable r a d i a t i v e  e f f ec t s  associated 
with the  propagation of these leptons through the  plasma. 

Such a probe would be of 



A fundamental d i f fe rence  may be the  e f f ec t ive ly  shor t  mul t ip le  s ca t t e r ing  path 
compared t o  the coherence length of the r ad ia t ive  e f f e c t  ( s ee  paper on so-called 
Landau-Pomeranchuk-Mgdal e f f e c t )  .6 
quark-gluon plasma would be an i n t e r e s t i n g  study. 
not too s m a l l ,  then one might look f o r  photon p a i r s  or jets t h a t  accompany the  
leptons. 

J u s t  how t h i s  phenomenon scales i n  a 
I f ,  however, such an e f f e c t  i s  

- 
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FIGURE CAF'TIONS 

F i g .  1. Single arm heavy quark de tec tor  a t  0 = go", covering +1 u n i t s  of r a p i d i t y  
and 245" i n  azimuth (Ref .  4). The calor imeter  is envisioned t o  be 
segmented i n  tower geometry, with = 100 cells i n  t h e  hadronic pa r t  and 

r e fe r s  t o  t r a n s i t i o n  rad ia t ion  de tec tors .  
1000 cells i n  the  EM portion ( t h e  first 20 r ad ia t ion  lengths).  TRD 

Fig. 2. The rates f o r  two-jet events with the indicated PT thresholds,  as a 
fun t i o n  of c o l l i d e r  energy. The ca l cu la t ion  assumes a luminosity of 
10 cm sec-l in tegra ted  f o r  lo7 seconds. 29 -2 
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