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Lectures L & 2 : "Theoretical considerationsr', by L. VAN HOVE

Why study ultra-relativistic ion collisions ?

(a) To find out experimentally how nucleus-nucleus collisions differ from
simple extrapolations of hadron-hadron collisions.

(b) To explore the possibitity of producing the quark-gluon plasma that
must have existed in the early Unj.verse.

(c) Perhaps to produce and study it (in smalt, short-lived, amounts).
The lectures will briefly cover the following topics :

(d) Theoretical expectations on the quark-gluon plasma and its behaviour
in the early Universe - open questions.

(e) Theoretical predictions and uncertainties concerning (b) & (c).
(f) some consequences for experiments concerning (a), (b) a (c).
Lecture 3, by V[. !{ILLIS
rn 1986 and 1987 the SPS will accelerate beams of oxygen and perhaps heavier
nuclei. It is expected that central collisions of these projectiles with
nuclear targets will lead to the generation of high energy densities over
volumes which are large on the hadronic scale. A number of experiments are
being set up to investigate this new domain of strongly interacting systems.
The idea behind these experiments and their t,echnical realization will be
reviewed.

I il]ilt ililililililil] til ilil ilil ilil ililt ilil ilil ilil ilil ilil

ét
Ë6

CO Pi€s OF TRâNS?iR€ NCiES



t



4

l, Von Hov. CË P^/

//ror7 frn r
(p*t*. z l-., ,6 )

,

k/7 r/,^/y u%ça - re /a.t, vic h'a r'o>,, æ //r,r,'ry .2

/c^ /-w,,', lM,nry 'v^,
f

lf ' /? fr4,>^2r

\i/. W,;UÀ t (p^r.s t7 Èq3)

/7 trd.

C6RIV

l7vl4.th I

t^^v\€,

EX Yw4 4.4
q- kfl æk1 bc-"/tq t++t* S PS\ il

ft a^edev.ic
+llvr-rntry t væ,g+2,

,o t.br^t--"1 ,1Û6



L-
?rot cct,s abt Ul tuorc/oh' v;s h'c iluclear G //is ;Or4ltG-

l. lntrcduction - (onvcnh'ono/ as/zccts .

- A/uc/euî - kre/eus co//;gtcnj 1* > zao f,r/M
Er*à 2o lrV/,v,

a/so laolron - Tt ur/, us co//ir,'o hs
anel (:/h": qyrtçy:. crll;tte >as la6

,. n,i,L.,xf {'*i.r ,-1Ë :,i,**,? a/ ilat lJas alonc on fntons,
loo?,nS f.r ttuclear .f/r"ês.

* "f,l 
,1r*r: qnf&,' oiæ:4* ,a/n-"^4y l nn ,/x at C€RN-ASP

{ âadrcn- h'acleut (funt Gau-SÆ

l7*If/:y,"(;{i,jtcus ( o. )
- lniefç,s !,'"'nû ?.;ci'ûçt*' g,{,,&,çh; ,{rru*.$ .{,1 .,$"r- ;

att

d,) iof t" lrndroâ - huc/eus col/rs/olas (/ov h) ,
NUCrcAR TRâNS PIî R€NCY n q/ehc*

"f fbtn enbtrcn ,f A^ûon /ry'"rhf!
ii1"/.orof 

n 
lroclron,- nue/cus co//;s;ohs (A:fA/, ),

cuouiu EFF€cr, Ed'/drf 
Ir= 

ânEd?JVi'*

uitA #>v fr. ,?rÀ fe'{"
(o/* toen ,; u x at fSU

iii) dcrf in./ashè klha - 
^uc/cus 

col/;çioar :
E n C* E7F€C 1 (7n^X d;strilc*hat, c'yt nuclcr' ù no!

"tn'v;o//'oldnei!le f*q 7*e J,rtn'læhbn ùn r*ute,ni')

I > 2oo 1.(Êb

* E m C = E urofean î"luom Co llqiloratton



flearet**.!

t|r'nQunRK - çLttoN ?tasftê

3

tt
o eallcd artc nattcr ,I 

,

It

't-
t

- Gnst;tah'on of Aao{ron* noth. acconf;y /2
Quaurun CttRonoofilâhics (OCO1 ,

d rzl--a.l.ûah 
ttauJre tloy f,as.4t o^ Cq (cohul^ Tu.nltj

ç*iac. fz?4s -> #ufir'.!{.r , r! tryhh, f (t r"çt^rooir"
IfuXrc f;zlalt + lltrt+.i, ,f(/, octetsrno f"*t .ùrt!7n,,tl.

- CauFfue ù€UT Tape*y: Â.aohon;e ycteæs da vacuuttv

fr.^ 'î(1 ;;n7/eâ, (ii/our/,'r"/
Ecarnplcs: 6"W 

= (? î ?)"r^stû ,?rtesoyl=Ç7)rr.ryInÊ )

1;- ": :{ , : vheæ t , T ny,uâ, '?"rrnao 4t o "sJ* "
"' $' I 1 ?,' o/ 7/ fairs â^o( ylucns.\.' r--

- ?ats,/e.us ts

4"1 /
^/: fy n'2r/rt , cor*&oin;ryr .IÊ 

(,.,ce&
orkpt ?nan (fîpat*j.

i, î ai::ir;!>r"<f*pn ia 'hæe{'çt' i:: tt"f (â.e $me *hh.v.cic-r.;;:tcï

f*f "t"r* t*i t!, Fgrm/,fri f,-t"!r,.r,t'$4 (enC cfSt t ;

- fil lou Ccnr,,lrlactrou;c >',att. {or^, }/Art}r\r;t: f:-

- l;ngl' Aaolconc occrl/ M.rà /fnr.
- !,i#c,.r rn-'ioui: fert +ç{ense Arnr{nrni,: yrrn{-ter *.r w.a.çt,:,r.*,.".,

iltrA"a uurfî) /@û*
iÂ/at /re{. t"r^p,*vobr*, h,lA alcnril7r' of Â^ulrn* Ée

efe,ated ty éAormal ap;htan (gbWiÏ
l{adrons tnost't/nn coalcica. uù,fo a U:,r&q; fud
t f:,ît_."I"t yfur, tâc W,-Çtuoy !!Ir:!:!"



4
r irt G**p-ttr kuc/cor ,^atrr Û frrhr Jo ,

I çuu( of*ns;f ,. 20 x î x o. ry fn'] - /o f^'t -

L il Hcat rnattc, h T- foo f?eV,- {x /o't K '
At, ,oteal fror., Jras llould Ao* : 67it^, /fru,

t'.c. , a 1*1 oleasil2 - /2 /^'J .

tt Undur rl.el cendiÊitnt, exîsÊenr'o of Qua*-f{a*fut*o
ll see'*s inese,al>,*i{fe- eç p a/to cq//c4 e** nafry' .

- Ca,n tlrs trt*t state of nottr l. Trooluc.l on caril |
7crh7s Cr^ ufbra,rclatt utsltc nucfea.r æ/ltcto

€ù stou d1waim ,f AroV o'ov, f Aysïct rto Éz erp/oree( .

- 3 clarczs "Lp-l%^s rall offrrtrot ly
(o7e uncertairhra t

i) Expe"teel f rc/erhas ef Aç P a,n& 4 8f l'*trf tra*$
(aÇ= fladrva î"r).

ùij Ayptr,sston a,nd Êcotin\ ïn ntdear col/;s,ah!;,

ù.i)Srfnalrf.rOf?forw.,a,trauà h h .

- hucl êAecreb'caf t rc e t f.*tûtir. n^ r*t*;tn"
. f,c vert locK ./ 4"t. Aa*,pers rtcrtr; ,rf,,rl-

lncntaf /ùftrr^,.t".c"s to ctart tootq at
Srooklev3h (rcfell/nuc/cot, V6 

tt f,/ a.ad,

cE R tv (22 s- fc V/nndccn of 13

to l?t aturl'coî'zur
'oo).

- ira oss i lil; t Corrrslato*; rj,
il

âÇ1+ &oosérr3 F ÇcV/*-ucleo^ .p

{
I

I
i
î
tr

:i

o

RHi {: collirl,yrX [".b,s 4 â yola ( "'âu/

(Q q ic, R.tot;v, r âe lleal :^ "' :::,:*"'
ieo-, ,



. QuarK- û40h, f /a,sua Ç P)aad Aadn^i,

O^* orfr"û 2 $as. tnns;ê/o,.qÂ,,t tAy hEr coê'r'ce.âo ,

F Srgy{, "r*.^t t*^t;}rol, OÇ P.+ Hf (lrotron 1æi|-

L Wa, rertora,t.ea of eh'rof ryuw.try

TA c o,.ti, at vo rt( /t;:frÇf!:':r: ::' r;E' = 4

@e4'
, olcserrôe ttÇ frou I*Irn /caouchcLty
t lt 

,,OîP 
t/ ;Jcalyas 

"r,/ fu-âertlnf;rz aea{
'flaE'y,cn coriclra^{' hscd otr @CD^

(cot*flrx;ê/ of ccllecl,vc cffceh I)

{attrce, gfp." arA : târrr^edSr tta.i,u\;es { e CO tL
lafr'c. aftft,xitæho:, fTa"h Carfc entyi,ata,. .

f Turr_ SU, îoV, fr'c4 (sc{- intc.orle?, gluoxtl
I . ,,:.rl1l o"41i pAasc tcaac.â.câ^likc{ ç.lyrtcresr€}' Full Ac-D y; tA Tuarks:Nattr. of ê.ai.sr;rri n 0É,.rrËo,

frst//,
-r,

r
c

î:
3

I

agP

Hç L.

À)
ù

a
a

€-2€-a{v 1"14^'J2tt

,!- le, - o #u {;' ?

fuf
Tc - tfo -.3oo tilcV

rùn:{ F *cfoo-ïoo nry !

t
|J.cals

*Jt -

( t ltrv 
= l.l(t to'" K)



TAa lroalrcnïc tc tra^sit;oa,
{

Ot45

-

-

o

Haolron J4t

/uei n7 pAase bre,as; f,torn

{uan(-f(no'*. //"stn4

w,Ë.t

,tl
/tt1,
,,7,à

{tnootA or rfo/ent (surarrcoo/r'a2 ) ?
4 j r^wtat;c tm,*f wav<e ?

cc uc.aê rat i o à rf :::r:"::::- ;: ::

lua.rK o û.nt;guntk E gf* on '/rh|r"l"r" fizlo/,

Un I tte-
t2T- 2oolley'-,2.Tr fo r)

nr)
rCJt

?
a

Conse?u.e,^cès f"r e,a,rly etæc{.orgnÊA.ssE ?

TAesc 
Tucsthn, hqy lccartp acce.rsrl/e

t" /aloratory r€se arcl (caæ M, B N L )



lladnnic lol. (raasr't;o 
^ îa ê1.

ert'anî,iah o/ tl. UasteFEè .

-1-

.Pf

o a ta
le

a aa,
*,

ô

i

TT
(a = ftolz o{ o.rfa.aottu.j ûîni'terîe )

(t #,t" ? îr 3,

reÉ.6î r^r..lr** &

&'irÀsi-tion ë

Q a'/* rs
da J

elt
ftn eê

{,

f = f. cor',stnnÈ t an*'A'r

(r *f, ) or=

clurz"37, *J

{M{|;:i*

ftsvrtdu tro^s

Astvtlazd f*f
sùrrtUlic;by J0o O2

dp
(zyo f)" î/'(/o */, )b-A-

ce

Ç -rE ton;rft-1)
f=A

_ '/z*(r,îil,
uh,'n f (t,

Tens; t;o^

Ft6 h,l(t-t)
lt4,nhiry of trous;/'ol ,t,- lo-r'o .3 ku,

)=X = f IOç f+ lcplo^t + l 
"J 

"t 8, V..
enctt et t rA"^ y(p.fr.7[aÇ*(Ft*il"t{,/0"

4- o.f - ç.7 F,, l- L2- |.f, (,
rât é 

= 
t *,1t, Hf lullles scftatcl /1

.4/tcr hereo/oh'on gâacc sta*, ture l+.ay



IJ(tra r" fot;**i sttL z.,.cfc.ar co l/; sio nt.

-à

I

I a

I
a

t

= 
iputoton'

iiili'i;!r:r,"l^.f,iffi ,
itl "n"" 

sota-s J Ptit cniBi'ot

en
fl

arcêÊ r = LbnTituJiual ra2tol;tJ t y
Meê, Éayon nn t-écr : B fr2,

'-noo,

-at JI
a

d8
(e-l )

A=6 frr
E,on" hoof'f ,

aty-

c6
dE

v
-I* .e__ w!*=yuJ-\'.-ttf

-à 2.3 
Cewir;t! re:Yt'Ùnàl 

:3
t-tt-- - --

{ rcwtt .+n!:ati,ton t:e' i on s
,, .i .J

ely
I
a a

a.

a
a

t
twe

a

-
a aa 

'
at t

r aa a r

!'

r f ..,t
v.l

ne
t,

.! , v,Jl

,ÂE; coÙ+t"*'?l cncfl o{ porh?/cs a^ (y, y+{yJ

t"lraeuJal,byt ey;onr: ca>fæ*l|crt fivet 9*2{'. i i^-' )
-rt 

-?"Grihutu 

at t^ *ff,-2o f.ulv ry€* lÇ"v f
C"rutr*Ue.tbZ, rtcrt'ay,s € * 2 î"r/ f*'r 4,t î ràâaoÇcV| ,

( kort -7rnv;^/ u, t!, c^cryû hln 'N

Eut,FlucTuÈîioNf à*-l f-,l"f.e.f 'tl,f 
^, toCzt/-îj3 r.-, of rF c.lluhct

E mn



@ofslr r"
cn ce nt.ol rctlf n

J-

lt

aa{ c Jcnc;âas

TA;n slel of hatt r
, y o^J;n1 ê ryn 

ê"4; n af/1

frcel*cc,s p..lic/es in
raTd;y' iatcrve-(
(y- ty/" , /+ dy/4

v.e dy,/, fr, û S f,

t

1

n
,h4r €n^n

Iv, ,-,ttfnr,,o of slal I=o a^l

V+
I

+l-v
{dk

nt early T artt r oll,yroa lyo^ (urotrar! i^
rest franc ef s/"1) , volul* of sla-l r
v, \i,, ' \,,=,-r(:, h ,dn2rîuT

&ty ,^rgl-/r^c;tf,€v|r-+ [ï-4' * # [y

n */trf , dnldt = 
cl,aç1.l tnn,.l I i p kci ty

(BiorkceJ

F?ïlï,i
ç 3 hrdn

t9-t--- r-r zn(t..)'rn:/: dl
txôu f*/"

t

r-t

)

Ç"'/{r^"!
,tt ,']l î"v7

t lrv.

IIE

&ty ,"trrty 1""*tf
Tf

ùt unalereghr-ch

-t

4

2n
.l

ct
!,4- îvady '

(Qtn*

\iot'4
,HTJ.1F?.

af.2)

1.2 dn , T i+t {^/.

=
-l-,

E

D...
r. RcY

ft-
,A#, dy {*

(a" overeshm"tg



l0
frt':r:t order l,as, trens;//on c.^hal (},oo)t

Ba,sic olna$o^s €+P=T'tr aTe1a),7= *
-€= fr.
1

Trens;tion oyL 3

a/tr f=f (t/,f-#
!=P,
t*Ù,efC

T=T p.aad lc

tc qGT

onstatt-t

-

C t

/7.nnall;ry oJ slcy a3. rf ûr è*tnnr. \ri c,a -

tn
T

ê,

a

a

a

a
aaa

a

f<t( z

----rtt rf,t 4 "#trprta6T 'knifu

Earl nct - lar olr- ltnt*lcr dc+.tt

EJ-ly lovrn rtutnler dcnsity t frq - # 
ts1

d8 f*-t , T l^dy {-L

-É'

a
Nore, ,i .J ti,i'J* ,îtnfl, F-

J 

-{ 

--b/'t

(tt"ntral âayor, 6 l. in.ltuJcof t^ 
îl

rruu/ac necd t*, rv(eru',' n/t ,
T
hlnoan ilrsplaccrtcntt iu, ,zft/,**" tr,A

+u^tly'qo)/A Glrnouet ef entrcpy frctâictvr*$r Ç
Notc.; _€, 

o"t /, lo* ,Âeanirt ui'lAo*t âssnaint
tilrh^"t i jolro>t, Ç asc,,-,cc it .



lt
Evcrt - ! - e,Ve.nt ahalp

&" in Uc€€ 7/ot)
9ssane û, an/ c a?acorre/atc( ,

d

fr
T

-)?n
T

ao oo
," . t'

'o'ea'

€ -t 4/t'"

a 
t 

' t t'

' t t o. a a

at at t 
"o rrl r

t1.a

a I
a

aa
a

a

a aa



tL
.t, *rr.fs {F f!^"^r" A,A

" Trott/,bno/ "*r?^.k 
3

- rtc,^ /tæ^tr fra,*clufi'o*n
- g; rec l:,6i^o ii*n,i, *e,oin*,ï; on. ;

F

cl {

q
.{
\ 2'

,\/\rir
I r

3

.eË<

te l" ca/c*'-{atc.4 t 
^ //as.r,.ûi.^t P"/ Taao( Vt

sFæ-finc lrrh'luhoa /tn necddt

I
É. Ië:1 vl€^

,11

cfiarb,,cat p A.ay ?/

/
mJælot ,'n atrenn y'F/ast-a f*Û ?rro,M,u.

*r7 Ve,ru;cfl

i.tr.t,,, to
,9|t^r*er?.t-t (Str. V. ftlzirâ,

j(

t
-12r

vtI
P

-l

li)ifv" al4 e;;{çn

{

c

hot in tî uil;Âriuh ;n 7/a*rnte. t ?+,ar"! Tnclæc'c{
,

0
/,otrh filesb*, t'rvloïl U"n ahou,"îna& tAe'n

ui tAeut plasha (!roëncl*, b.lhonr z'z t,nfy !

J;æ^k "L Aasc t ann'haa urtl ,(ot ^t âcat , '

\.
g

';'r
- ifr;a'{ it"zr!i':i{.y :f;}t?ri f*,*,E:o

{- (oâsertqt in cenhv{

f'rq,
--Eun fir fl "t E

ern
tv f,o-6o fclf, flb etE n îUo

I

fr,aJ
C frqr^r/"nstrc of tA.r6o1 lelzavr'aet?:

tuvs v;tl t >,

Clrr
Hlr

,s-
(\ D r<h>1

{rn"ufitcflt
Ji"
Jto

â
â€
s

u'tl frovs ur tA

+c &ut fkse h,ns;tun jr;ÈA &rl /at"^t t "t:,l iv.'s
farge înez.asc ofenb"W uitlro"t i.,ac(z^s" */ f, fFF

?' -tI âis ntnjAt slaU aî an ahdrv, t/ù" <f'
tt

b - tT-u€t. cnrt€

t
, t

-
------_ 

r

à
à,r 'o'is

- -irlr ,Qt?
?";r !.

l - rn-ntÎ*,i.^f,*,irç? @ €,ûtur.d A,/

| ,*ti!*Âi/;i;od )'n refeû,,c uf {arunÈ he*t fi,y p/*.sc*,4t*

I lftatma. 
ot f?yratycyl Açpfl Hlo

! Cosmnc ry cvîefer-ec ? :f:[



,3

I=- le
/I

Wfu:-,trr;"*r l* f2,E^g (r>> a)
t.D. l?elerceu, , T Trinzla . ?Ayn f.v. tr,tl Q*t1f t5-
R.c. Hva, K.Kqà^th,{rl::*;s:: H a'7F7' t'r'2 ft?ss"t

I=ro V; lcpton (c'c',,. /r*f)
t''ert 1-1, fr r/

trans(,?âatt // = n

t t I I
\

->

&r)

t f

r
€vnissïon b plashacL:

dn/an'dplay B 
t,!-*: 

dNu\ty 
n'dp: dU-yG)J

plosrna

/N* (t)/an""Êr, ,r:irriort rdb pze uvit voln',',ith;ne

d,/a nz d yi, d y {' l, rr! +':;;'iiït I iiÏ,,,Tc

:;: ';!:!rr,Y'!' l(r'r')= {,1':t['G,r! â [r@-Y'J

For T>>T , f l"s.*t,_ is Jneil i4eJ lmt o/ 7rcrks and o/eons{r
cc T' 7 ond ù'olq. ,{ f'(o!iala,r\.c

rytitu d;nal crf envon, lorcnh ivtvarïart)

a

xt

i)/
lc

fæ,i)+prr<<fr,,

(or 1r, l,lr>>To,
an2afidy [tt dn arÏ d(l'r')
dN d 1;

f
n

tt
r-

t
-I-- *rty') dr

43ttl

lr"rr.,
N

nrdli*, * IY;6 ,^â.p. ,f ri /n
æ lrr;6



t+

$pqÉ- fu-tat*,"_ atbrr.
à) e/ectrvbvnct;c tit*ro(, a?nitt"o! 8y 2/esfrC,

ata

t
lr

ô oo

a /;reû phohc".

€

êU

+ *l.
!
ta ot

Vittuct pAo teu)t r-

F-
(escape wtl neX/y;//c aâ corVêoou)

iy' stra?r" Tuar? fat'tr Sr*,ed * /Ashrdr r
el-t;tte{ es sê.alye Aeclrcnc

a

a ùI K vnesoù"

I
K ?7nefio ya

a a

5.
a

3

a -s
I

(a/t" i,yp, ?ov. fro olu ct;o x)
iît/ tuoly'eu /itea/ich 4 (.teat Aeet .t êm,rs,.to4

Hefttratn\J
-àDLn nodJ ca/cql,:

lf * O.ffc
sufacc

Tlorc

_> 2rttl 'n, O - Or6C

Plarbra
A,?I et^erîy cehton

n enh'ofy û

$ (f rool reces , afrof ,f
e>.d fluctuat'o,,.t j

H a olre ns
k +l,'tl /ro n s r/utrc Lna f;on,
-à .. *a/te7/rv rty

?QVte -,é
rail,l a

a

-a.d

d
a

a

È
?

æ



"u- tr
lla o{y'â b ob"f g 

^ 
1r?, _*fL.& ?/asrn o

î t >acaftcf ncylleur alr'sta^ce lclpe.x Q CO

' farto nt " G Tuat*c, a^t;7nants, 
Tluo 

ny'

For {< I {* calcær cony'nry f'clcrc (:e. ecù7avc
f;cle/E) cotcr all ffacc tn //as6a .

lilr^ /' > f ,{* tl, /z /e/s co/larcc. ;rto Str; .ry.s (=;lnr
tnsl sepJ,.La 6t Jo.n.r-. (n"n -fcrt*4.ëcL vacaat,

lanç
/ttt
19)o

/y's

f,<th (æuut^

d2r/n

? tu.^râ û ,i'r ix if r: r.r â,fi L,

-

-

-

o fo'
fn

..1t
fl rl
?t tt

îo?rr olnVt 6rca(

,'é'Wlt
* fr.bn /atr crcaAun ilr#?*orfr

ç*

lrcakc into

hew
??

,- 0u erfauJ;a1 droVLt ho/ lrea,k htc Sn a/lcr ,,7,es*
anc( ltrtnlt tcntfon rtçc erpahsnn o/ tAc li.cct

1- rr.

3'to
,1f,'!n
-L..'

t. t, t rt* tl rrlta i
I

t
I

.rrttottÈa aatatrca tta+++ <1

T"wr*. t onle
S ta-2ofrrf,

0f|-r. ro-T

tt a
I I

t
It

t II a

-+

- Mn' GxPa"4 
21 /ataa, droptû c,,,^ 

t'ol.fE 
raf. r,

Ât chûtA- ^ f/ett o/ toûrca ,1n, ,I,A vacu4r*)

It

el, a aa

c
a

o+i o

"1 
r,Q

ûra

€i a Q,
ê

o
aI'

I

r.t
C'

(f" &ger erfaniry /t/at hL t lcn tl/cr o/ vaçrâv ucolet lonn)



Id

ff fbtbta. 'l*fl.t (p.rrtlt {t - lrrak'y
Aaotron izc,r l, elc f/a1 t''a,A o fr ,

uj

rcsull;y

sAoulJ cl

ra iJc' ofutn'lu,ltbn Aacror*

oÛ hrarÏ*ta oh nflrhzt .tf doslctc

<--

<--

ëD

;*rr't"1

Exltantty drz;ld

loca.lCt ïato

ttca. etf aa&rT ûof /.f.

dn
dy a,xlna i

. disir'ôp --Â

T ((.y(r*;4;iy

{*p.ct.ot llr'ûtA o{ }aarn>ta ë I+ l. !'
- 7*c utA"r-.sld. fr /otrne rtr*^A'ort

(d;nct d;lcptenî a.al pAcbnc, stn\t. Aa'liuny

sAoulal l. con€z^tratat f^ thefa ?rnaxirÙ|tL *

//nolron, fro* |ht:ae sL"ll Lr. 7 ron.pAet

4r
a?r'

.{ ftro^ harenaf, k,.tl lm^o( lr*

,?r/erS?çiqiip

-

\'rtu fL" / d,'.,rtrr' le(ro ru,
fl,*t**/, ,.,

ê/



tv
Fx PEg I nâitrAr Srqpv oF sn'+7Grt

\oç HtGr{ FaGr el oÊN,Strl t

AT THê 5PS
OR " Sdrlla#

Be*n oF

,N | 'll
@ 2oo Gev

7e*r< huçt E

A' 3z x 2 zs êeù4a

t Ftræ? TAAæf
cL 23r

EN€ll.6'l "

rf

,a t'

FrR Q,. e,
ErttFuA

n Ct ,t)
aa

s 7,2TzV
fi q lTc'l

WE WANT "îHÊnnhLt2Ee

Jt-t..

êA Rô' ? Éî,4 ê/4e. ?
Lox a t Tuot N *L llo Ttcu tRP Ëa t /4xr

-

l.5o1fteà a HoTtax

xlzé->/l"
z='ça,q

+ n€AsatRê I s /NA ,vl

dq
î2

fll-J

-)a\rv

flAVÊ

a

I s aul

,ltu *> 3at ?

(oa AÈo q î
vlttu 3t

ulË

tf Gct 
^PtlclÊcttèê5

an
1 p cttl T',ît. Lct EL

O€ Êtt ?êcf |oc - lOe 6.U

OîtêN É{croR lor lil ''arll.â è OlsattÇef



tg

Ëxpetu peurau ô85dn vnBadS ANp T€cvut?acs
I

" f .rry v''çrll'!:}1!,,*(, - 7ll€llollélV.+ 4

I

a

+
AT

l+ ,r
l.'r gJ

I

b

11 ec0o s coPt c PÈIYJ t c AL A BtsC VAD.6î

HAvE l.laAiltNc Fq e- îf ,-t E æP€rlNtyC€

5

No

Qcb, Fr.)
(çt)b. o,

?

THes Aasa f
So, Fon Frr€D

ogsêfitlâBc€

0E?êuDç,rtcê.

4Ttr

IF

gttf g ae.tsnl€

r UIE'GH T

IF F tu cTu At tocVJ

fnênnAUtet 2 a
a faqQf!-

- alrJe
a

W HAT Do oè€ Do?

l'lANy oB.s6^ yA pc€s

DENot€t A # t
IN A <LA'>

O€ NorËo By
TrE €'e'-o-

Dr rpeÂ 6Vr

at
€c

TPaA€ àRs E7tue l7âpt
3' e 6. r€FlP. 14 e{E B I1t

usuALLl lr, i APE
Fctu Cr toaS oF Z É

) ,JHefF t'
'\ ?rdrrt P€Raffi€ "

,,

t
0 ai- Dlcolvr,taræs > É)

,(\
a



nr-

É^ Pn o3êcrt r êr

ll Frs qQ,Ê 0 Bl
loN tZâTtaN êR C€RFttrtV

R€nD aer Ey pnr, ê- *Iorr* 
Foâc nt+D. Dr++I .

- A e s PRÉ5 enl &(pt. . €or147 ECna 
j

A

A

| ç. f .r. lfl f \t,l,1.t, .f oi

b ' lrl PAc r

u -L-

tstoa, tot{të Areoq /Nc*tl
c:t

i,-lJ-1i':t *l :*.t |l'rl.:ra -.! 4 il".c,r!rl . rr

Pncrccît t€
l-(6fr)cticO By

ENê'n6y N c{{,,gtttërË?

ÎÂilÉ6t 3R
n Ê^s|. i 5D E,

Acr, v€ rA Rèêr
€nq

{-'.v n
T,NI
'7^nGêIt

?nnAncrÉrt'

Prcrq tq R €e êv
PRoTecTI. e FRA ênEN7'

?e

e 3rr r.

.'c



2A

to'

tol

to2

ro
(,

O
.9
ia

o
(9
It
E

uld
or lt€ls
r.rfË.

rol

po

to'l

to

1o-3

r -c.m-(McYlbt'
rlL llt2'l!2!t

Fic. 7 llegative pion spectra at 90'

o 200 400

o
o 5

60() too

t5 zo

o.3

.5 o.z

a,o
tr
lL

o.l

to

n -ÈÉ

Na+NoF æ71-
CM EnclgY drslrlbulton
(0..r '9f)

Galculations:
---- Phase space

- 
Ha'd scatiethg

---Hard scanetilg
* aosor9tgr
+ teÉcanemC

GCV/A

llcV
t 2.
102E o

E tob'o'8Gev/a
Eo - 62 McV

ionic instobrlily (G

Etob'o'186cv/a
Es-25McV

Eto
Eo

b'O 4 GcV/A
- 39 McV

2OO MeV/A Ne+ NoF

Errc'm'= 260 MeV

8c.m. = 90'

<n> = 8.O

''t'."

Fig. 8 A phase-space calculation for
--e- 

the nucleon-nusber distribu-tion
for the creetion of' 26O lleV r-'

& ."; J ..:*



7l

M
jgr
dMdy GeV

I =500MeV, {i =0.5fm
dN.
-=26Ady

?s 30

0.1

10
-2

10'

l0-' LO1005 r5
Fis. a.6(bl

o

M GeV



2\
Pnnf l c, Pr*ttT €il€n eI (t urênuot^t'tL

ner+Scl'RCD Bf
cAl,Rt t"(Ê'TE& t t tf ,l

A,oog ân CÉ t7êgll.e.rt.N t

etsr)

dEr
-
J2

OP, cnteôco netrt pararT d n.
1

d4

TcnPrrcArqe € (outarD( ficrr$ I ?)

fl ênsuRÊ, Dv
aÊ Tcl E

aD.
.Ga

OIO AR,C.anGn t

I

-E Iare --e $a E" Ctv€s T
g
?-

/'c
æ

aa-. -a

t foR
... r

tf R p i A J o\...
ctc- 17--Ll

Pnâ !'à !. Ei.! s :

H A D(,on 3 I,IGA8(AT LAQI',Q E (F ?

G!t-i

p ttorcn s tt CAJqa€ ê*lct i ?

Atso
k
r
l,

I
2',1' H as

As ëcêL
n nss UAR t^D2t

( natu€ lTr, - r)
àtr J t F T ts flêenncFet,, so ,r p

â Cues Futre ,ftîen
, êoLL€c,Tt lF

? 0t d SFFFcr _Frl, " _;f"

aaê)

FLa*



E'XPrruS tou VELêcrîv
14cns(RsD BY A

sPeeDan€re Q

23

Tue QnA L
ôt

D t sTRt Bqtton
UEL oc,tfy

bootT€.D

-

Tw" c+ses "( ,71t << t,
Bcott C ll Ax redir ?_ t Æ.nn

-r

u N Ct A.{(Fg,

Pr, = '1s )

Arrg FoeQ ca4ùsf,

( lF Foe .lT
F, -- .3f 6.v )

$orr r

.)

m >> tT

Crr4P31lt E
(lP târr. p, Frr.t'c.u ?

J.-tt +( litG gctrc^ Pn 
-'"

+ fosst,DeÉ 6 ?€eooKê(ê^ con?*Âgs
k a.câr T f él tC hf r+î^. Èl e LCtQîâ.r, Ru{,gk 4.{,d,Q|

î/f"'n
fte'

6P€4ev Pcoo T €Nt.^ t*5ê D ât É6VAe he

x

ïn .r?, i3o ali-
--St4

trc. lr. g

- ') Pr poas T

e

K€.

-J.
--/

^.€



Zc(

-64-

Nnc =9

o 200 ztoo 600 800
e*(uev)

ELæ7.2ræ

Pigure 9

8OO MeV/A Ar * KCI

Blost -wove model

Ep(TAG) 2l@MeV

900ecm-

Proton

Tr-
M (TAG): 3

M (TAG) :4
(* IOO)

lo4

ld

p2

lo3

po

lo'

r(,()
N

à
(D

L
.n

-cl
E

t Jlto'

d
EctE

bN
!t



Pacttcf,$

Çr

fl ê^Eua é. ay ,+

9*eon É r€À

?r

tilrr?evc" c4sç

RA Gn ÉrurS f, 4o{ ^

Plt€rSrrf crs llart' P* tltt et ltlNît' Arr.r.çA*r7,s
'f HÉ 's P êcÎâfot ' l1l.+Trc( :

T : F€-I
flet/

PR,-ogs rr c F

f

K.e. F.

fon Brt4, )éti qt ( ,t,tl fil/,|. +;lï â ùî
I

a ,î

Dtgcl .R A Fçr,s ct



?6

20

ot,o

10

10

otlo

0

10

oIo

(c)

sGFe * C

br= 0 t.

20 30

Fig.3

O'15=6omb
f=

1.0
t.1
r.3

0

0 40 50
Nw

b( )

a( )

60 mb
50

r=1.0
33

O"llI'= 33 mb

[: oreevent

40

1.0
t.l

-15-



i
I

I

27
I

;

TAC€C -7
tci 2S- lz' t5P(%)

80

60

40

FE
o

Fe Fe
O

.Cr

- - - -acf-
tFe

o h
.Cr

o-
l-e

Cro
O-
l-e

a
Fe

tTi -

Oere

- -
.!

- Gtouber timit
( Fe*C, b1=01t

.F-e

)

o
Fe

20
(Fl
tæ

Ln t t I I t
I
t

t I

20 30 40 50 60
E(GeV/N)

Fig.l

-13-



'|D Fn 
^G?lo 

ar
zg

- Ff, Acr.ôît

F n sGlto N oF EAiVauS,
oÊ F enrrroa, 3

R6rurWn
ar.n{r - i Js'

r.el r i .i.

Au L t - P ttwct P/,& PnÉfSoQ,€ Fflrartt Fean I -EGt
NEÉ DÉ0 FrÂ ÉQ c F 1î t> 1&

-.->è 1l+ts Pr,-=jrqÂs F*y'ct^s S, - Q<en(s

olç
Vkt Ttt"€ aF Fl,taftr

./
êCR,FNrcAy'

îVs E/ ct(*àc,e, n/+ rrÈ €

fecu tg ot/€4 Le tlt î C D sorc o +

oF fo€rt 6v u( &.An.}/aa/s

HClpscnçD Pl PnânctÉ
loann Ft 6'a.s



1ll, Îf RNAs vJàV€t. S llo c*S

^H0 
OE F cAe RÂ TmatI

l't 6+s rct, êD È t ,+

sctt ,'lo e FA? fl

lR€ù e u5 èf D 6sG Êr E 6D R 4 00.+u Ftoat,
I

oR 8a S f tè.+tê !?ADt^ LLï

-

o1 Ht F.Fn tO êrPttctt uElcetfl
KêAa NêcesSlâ,| , lrttr.+BtLeTttîs
D E Yê zo| Q e *Lot'v3 t+ 96 C 1'oÂ

(
1.1

!'

\
P.

€Attcc rb tÊt, êtrçÊ
l{af A ?AaTov ,r€

â rét orr
C AL,è Tf+€H

,

SaPC R ;rETs (Pru"

/
at ll. LU^::;::.1J?- / € /ér-fu

d

**ç')

t- - t- t"



SPÊr 14û Dtsrr?.t BqTç eçr't
lllÊasuneo gt

lVl€RFEA,att#ra4Sù;"

ltuT€ A, FAû3 P c tf
3 ,C s h

(nnxDoÂt Drl,rrlj 1D trll. G*or*9'6ft, ?t+, s) ll

7ô

L lKÊ PAQtt 6 r' FS ?^ooueë
?Arrei ^, 

vt) tîH u)tD 7H

l,t hô
.1,

B 6Él h?? Ut êO 10

l< P AD rcry T)
-_.4af I!

-Pr
orI

. z;?r 4
\b.

*ttr,-

RQO

+-
,

i/ d+
a.l/,

ep
â

4l ttolece g€ boD
a- .l

* ?Ar.,

^16ÉD5 
6æO nf Àcsaeôfr.ù, Pâatecce z.p.

t|ATSlt€s.
) 

N rr ÈeÀ oÊ Plrls * (nr..F.) '
ê ldrfq ilrT oryg êtêxt il*t î0+é

NUnàGR, oÊ tcdtAr?f +
, HN e ?o nrîé, ctt f lttrtt f H at Actott5

frr 6 tl1r.s OF sj.e_crlJF P^rrONl

, flfÉAFtrlrrefÊt A lr rrrrD o F
,/,

?atrr 1t ùe llot-o êRâtr

S t?t
->

'O(Et
-C.DûO (D-a lDer qa,

2oo I fo 
( z;e ttuù-@

O
û

t
O oD
(DC

-fT /nt l-è- fv s t r I
d..' î lo,n'

Derdc tèÈË jrS*,â FAc6

rlo
ru t!

9
qû



Ë XoT!€.' p næ N*?€tv,r* 7t

- bNETèIH3 NCUI T ?rTAS' T rABLE
" cL€ARLy ABNoafttL Dfalrlncs

Eê.

fltæse
fH+x

AAe tfcîê tlfpfir/+MT
Eq. oF s(ar€, lo

oF Êfc€srt v6Oe al.AQÉ

DPfrt?t ?r+ttctY oF tf PEetAauTs

Ano RuNNfne PRaGR,âr'ts

0 u ftte Ptrls tcs I'uÊ DcsF v
D€seRtèrât&,



Na31
32-

tftF.lt{ çÂ ctpç<t6Â (N4t A*f)
c^c',etxJ-zêÀ (N+g + ( ttt* )

P.r: .,-r. î

"ô

.fr

g4|4 8 ,A'vt E tL r .., Icn, :-

GAL.

l?
1r'7

O

È

-fZ ttn L 1A ieêr, *Xr ecaxr'J

eE ?K tlst 5 HREIQ(câL cocScst ct( t
FaR tt ttut cq oeftn3

ft tor h y, Tî'

" ta f(<E r € T 't Tà I ê6.cQ-



43

w A 70 PLAsn c rSALL
Pcns lc Èâcc Cgweuc)
figrp èàL , , ?c ctîss, llqctt ?*Ù cê.

.l.

.\
't

I

T

.!'
o

Ptnsr t c
â&eg

:r.'
--t

tàc ,--.-f-
I

CAU
C Pu

Po 6a rrr

^tl^l 
læc cl.

H têp ?r

[-f r êx Ér #^*./

Iri?o

*o 
I .t lu.'.t ":" ,i ,",.t! ,, ',n , i. ' 

-i.'
)t

VcU C-oe ç T*ezcT tfl, (,*C



H Eltos,/ {" A: 3+'2

Fn glccr /

( unt, aes)
En,fiq?,
LA-Q cAg.

3q

.J.
€?Ecr.

l'l

A ;ttor OcR

-r+)
'lt\

-aTt

Ia-
-t t

a

t

egf'càL.

4A'q

f{ tea
It to*

tc. q

t7-T z
?t

. t' ,.,.; 
J' 

" , 'a!

til s l^ t' 'it

wtDC AuOt,

l tL,

dé.
æ,iL

t', I

EXî':q^JA{. 6eçctd,oHÉf€Â: If Kf f J q( 'ee '

Lov) ?r f
Tlt'î E oF

F LI çH'T

EX Teeô{^L s?€cr-RcHêTcta

(r cgr

F

1

Acttve Y CoN U,

-t ï

t
I

/|Lu
e

I \

I It
-4 "t',t

ffi,7crnr/ ?wc / t.

o
Ê

,

,.

J ,l f',ê
Â

;.

rh:t '\,
c#,,

- -t

o"n n'Q't:;

- *î -t"
la

/

-

'4

êto

açr )

dËl e

Acnr Cd6



^t/4 
3 c

.lJ

Tlae /i?ardcrtax
- RFa47_tt2€Lv HtoH

C ftâHE€C ?r
Rr+

(
î
Exs *J
't5 t

Ht er Huètt PttctTl c^P*Brc( ry.
Ececf4oNte Dênce

^ 
t(i f- __

r.'
.-D

€
ar

-t2

14 /ç êtuilr

aD -t-

^E-5W i6f/tv c

lr

I
i !',.., !19'.

t- rt t'-''

--
--! E



..1.:t

a

vt\N

rr f 
..,a

It

I
t

a

...:?: t

'!



7]-



5s

a ,l t.-a



Al A -,31 Huon

Hteil
5P€<TAD^Èr€R (Urs)

Râ r€,
31

/7 I

H t cH f-tâss

t

Ë.il. Ctlc. c u

fit 6tt E7 TRt4,ëR7^-.^-
JEtRlpm6?El.e

I
hr,

t
T

CeA.latlf 1toàt tF /7.gtttt É1 l, nè
Çcc 0 tf *ttï ît c J



El1 uo I Ël'lt'lL StoN curtt t BER Qo

<-p ?c à r î
B

g

/

.t

5q?6{tn ?otr D

A-B
a

a
a

'. 
'.j t

t
a
.a

a '1æ7rr
(.t

14qLTtPLtctrY DtsT
Pt€eDc-RAPtDrtV DtSr
F t-u c ( u* 71oîtS

TftR atr tr R*etl E'v Ts

PROPUCÎ tct( + luf êRAê7toN
0F ?Ro.lcct tc € FRAct4axts

? s ),- t



ilEtt os / F 2 t3 Hren f, îAæFD Eltqlstcu 'cH,
110

Il€Ltol $ot cAL,

Tù

Ê.fitgtroc

\t
+( lr,

A
çi
a!Èi
I

e
a,

^
t

.3
'a

?.
f-

?
:l

xl

"n^?ttj^7tab6oae4

1 l roo tt ?^et
ttn Jr PÂ Dr

f

aOÛTht{ ? to illfî A^cî (oNs

r PeîAtcCP Qc Ptsf$t Çar'tr.ct

efl qtaecaf (p+ zeuo'z) Ef
E YENTS

. ftile , Â6Jo t,. ît oot ott

!6t' Q cleù 
"'PÊâtF7 

' FÛcctt

- eeli Gc At tcr ott €r t n .
Ftu cft 4 îtont 0t fl,
R€ Lt hlbe n o

. îAR 4r F 
^Aè 

tY, î'uf ètE f,
C oùiCe . t) I irlt êf Fèor)

- VêR?tl êF 'remrsrytc' Etî.31æn ûnÆfît



7,I -f é: ê ol.lg H

I'

sfs
ltJlnsup r. l

t I i,

i iii â
î

t
I
fa

I
I

l
l
t
t
t

it
i;
lr rt

trFtaDD\

a

,

0w
ç*iÛ

Ia

I

I

t ,

J
Uct
it
0

rf t."*l
8t

f

t-

I

0

e*-rfr
JY I

t

t1

L'
t

,

Il

t

I

I

,

I

q. a['
r-!i.è*'--æT ) i

1'



Asscn T to *t
lunP w
Porot,t Fec
A/,+tl.4ecE

qL
Be c^< tt aF fâ ê Bta

€tteîGy â!! ffle /6Ây
,1 R RAI oF Erpae. FtcttTs
Atl, âT gtuc€

t
lnetÉ r.$ âlrrrrt Cêc a rflÇFacor ôF ll€o ,a Frâ lae? oc,a ,+,

ftt*t Qrpçctft floa{ TtrAd
Rrr {r{3

ae HAy Hop€ Foq brv6
GerD Ptttttêt !




