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Radiall Flow in A u + A u Centr al Coll isions
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2 ( Nuclear Seieam Diviam , h er-22ee Berid e7 Na od h bomtaä , CA W m , USA }

A ba - ct Ustzzg tbe dynamie-» ô Espon appm- eh RQMD , tbe mdial eOIled i ve expansion in relati vi stie

heavy- ion col li sions is ï adied a RHIC m mw . 1Ee p± fHd on d the radial Eow Ê presented by analyzing

the ú m vm e mass speeM h r Au + Au eenM eol liSion- at the center of maó m rw J Z = 2Þ A GeV -

We conclude that the averaee radial now velocity is 0 .6c and the heeze¤out ternpemtuze h 160 MeV h Au

+ Au reac6021S.
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Rel at i vi st i c h eav y - ion col l i sions og er a uM qu e opPOEt u m ty to stu dy hot and d ense matt er under
c on tro l l ed l aborat017 cond i ti ons l 14 . h th e p m t yeam , th e t ransvem mass spect m d si ng1e paEt id es

have been measu Ó d i n heavy - ion col l i si on s fm m L B L Beval ae energ es to BN L A G S and CE RN SPS
energ esUA] . 'I E ese exp eri mental l y measu red di st r i bu t i ons are wel l m p m duced by hydro dyn am i cal

and dyn ami cal t ram pon cal cul at i ons i n whi ch th e COIl ed ve dep , es of fm ed om , such as th e avem ge
f E' « b ou t tempem tu e an d mem t ransveme veloc i ty × , unamb i guou sly i den t i t l ed [1 61 . Ó Er in g th e

Spr i ng 20 0 1 m n , th e B N L R EE C del i vem d A u + A u £on i sions at i t s f u l l en erg y [7,, ] , an d i t i s neces -

M É to stu dy th e dynam i cal t ram pon si mu l at i ons fOr R EE d ' ] .

h th i s l et ter , ½ Study th e rad i al eOIl ed ve expam ion i n re l at i vi st i c heavy - i on col l i sions . 111e

p m d cd ons for th e t ransvem e mass sp ectm d emi tt ed p an i c l es are p m sen ted i n h eavy - i on col l i si on s

and el emen ta r y col l i si on s M R H I C eneEW ¤ For ou r i EWesUÁ Hon we em p l oy th e R el at i v i sti c Qu an tu m
M olecul ar D yn am i cs ( R QM D ) m odel I tO] . 'I Tm model i s wel l estab l i shed an d has been used su ccess-

f u l l y to desc r i be many obeew ab l e measu m d at A GS an d SPS en eEg m . Recent l y , a n ew vemi on of

R Q M D ( v2 . 4 ) m odel hm been av ai lab l e whi ch c m d ed ÷ × col l i si ons a R m c em Eg es . h th i s

study , th e si mul at i ng evenu am genera ed by R Q M D ( v2 .4 ) f or A u + A u an d Si + Si  wel l Ø p +

p col l i si ons M R H IC en ew J 7 = 2Þ A Ge V . W i É a cen t al i É cu t , we choo- e A u + A u m d Si + Si

cen t ral even t s ac COM i ng M the range d i mpact p aram eter O ´ b ´ 3 fm and O ´ b ´ 0 . 7 f m , m sp ec -

t i vel y .

h symm et ri c col l i sion system , th e f l m bal I exp ands essen ti al l y ± Ó St m th e center d mass

f ram e . Ò 1e t ansveme nm ss spec» a d pan i c l es m semb l e th e eEect of tm n sverse moHon i n th e cl ean -

est po¹ i b l e way . F i g . 1 shows the tr ansveme mass spec tm of p i ons , k aons an d p m tom fm m A u + A u

and Si + Si centd col l i sions a the Ø ± er d mass ene¦ y J Z = m A GeV - 'I E e d i w ib um s m
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f T m F R° i l d N i m - k
d l ' ® Ð , ¤ ¤ | » » » - u x p | - ¹ | , ( 1 )

L a j FFB T d FFE T d y Ð T fe P32f .¤ 1
| þ | h e Ó FFET i s t h e t m n s v e r s e m a s s d e m i t t e d p a n i c l e sh I . J - A I

s l ' - siéi l ÷ Tis̈ vemulopepammeter,¤ nmer-
02} .¤¤':-Je--' ò ® pmtedmh m mnt M RMumof the emitting

| Iú × É Ô E E - - E ¤ E ¤ - ¤ ¤ | ê m . Ä e St td i EEveme sl ope pam metem m in -

l t K h | d i cated i n Fi g . 1 . F m m th e compad son d th e d f -

o 1 t " l ¤Å ferent m CHon sysÇmh it is clear that (a) the
£ 02 0.4 Ø 08 1.0 12 14 8ô Ø d pionshave similar Ê es, (b) × × ×¤

M acle Mm /(Gew h c reasi ng mass of th e emi t ted pm t i d es , th e spectm

beco me hard er , an d ( c ) ì th i EBem asi ng system
Fig .2 . Ä e invm e d ope pE m etem d ptons , kaom si ze , s ectm d th e paEt i d es heavi er t han pi on s
m d pmtom in Au + Au , s + × azzd p + p eOí , ions I

m i nc m singi y st i g er - T o mak e ô po i n t
at J Z = m A GeV -

cl ear , we su mm ad ze the i nveme sl ope param et em

of p i on s , k aons and pm ons f m m heavy - ion col l i sions an d el emen ta17 col l i sions i n F ig . 2 .

A d i st inc t d iE em mce bet ween the m SUI ts d the el emen taE7 P + p col l i si on an d heavy - ion eoUi -

siom c m k seen i n Fig . 2 . W h i l e the 8lop e pam m etem of p + p eol l id on m rnah 1 n ó m a h n CHon of

th e pan i c le mass , th ese pam metem fm m heavy- ion col l i si on s i nc EÉEase as th e mass in cEªEases . Fu r -

t hem zom , for a e ven mass , th e heavi er th e col l i d i ng sy Mem , the h i d Ier the sl ope pam m eter - I t i s

al so i EIt em st i n g t o obeew e th at al l cur ves Þ nverF to a poi n t abou t T ú 160 ¿ 1OM eV , Ø i nd i cated

by t he Sh ad ed bam i n FIg .2 . I n hydm dyn am i cal p ic tu re , m at ter Bows devel oped , i . e . , al l pan i c l es

n ow aI a same COl l ec t i ve vel oc i t y . Cl assi calI y , t he col l ec t i ve k i net i c eneEBy wi11 th en depend on the

paø c l e mass : par t i c l es w iÉ h id Eer mass wi l l h av e hi gher energy . 132e sl ope param ter i s a m astm

of t lm pan i c l e energ i nd ued b7 th e t ran sverse moUon . ROEIå l y speak i n g , the t rm svem mot i on

con tai ns b oÉ th ermd m d col l ec t i ve mod es ,
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Fig . 1. Ú Ee » am veme mass specuza Eor piom . kaons

and pmtom m Au + Au m d Si + Si cenual m ll iSion-

a J Z = m AGeV -
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T = Tf£+ mT́ PTY, (2)
h e r e T f £ i s t h e f r e e ze - o u t t e m p e m M m d e t e r m i n e d b y t h e t h e r m a l m o t i o n a n d ´ P T µ i s t h e a v e m g e m -

d i d n o w v e l o c i t y . F o r t h e p + p c o l l i s i o n , o n e d o e s n a e x p e c t m y r e s c a t t e r i n g , a n d t h e s l o p e p a -

r a m e t e r m n e c t s t h e t m e b ü e z e - o u t t e m p e m t u m . F o r h e a v y - i o n c o l l i s i o n s , r e s c a t t e r i n g b e c o m e s m o m

i m p o r t a n t a n d c o l l e c t i v e m o t i o n g a d u a l l y d e v e l o p e .

W i t h i n t h e a b o v e d i s c u s s i o n , o n c e t h e p a ¤ 0 8 . . . . , , , - a

m m e t e r s T m d ´ ¬ T µ m E ± , i t i s p o m b l e t o | |
0 .77 û 4
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Ø¡ , ï .1 e . t́ lhk 1Øe n oà w pm mdÝ f×Edí l

s©thh1mmo ¢"¶ 1 im n FÊ iØgº . 1L , ¶ü e mm y d iñsä c 1uÇEÜçs» s tÕ»hh 1ûe Pò }hùô1Émõyé¢ô s×mô iÓcØ8 i n i¦ ; 0 .55 ¨ J ¦ r 4

ù m od fhMM̈ cØÐd odÍ¤ lHlôeß́ cd¤ t

a v e r a g e t m n s v e m v e l o c i t i e s d p i o m , k o a n s , a n d Z l Y Y l

p m M 8 ¤ ' I E e c o l l e c t i v e v e l o Ð i s d e n n e d Ø ´ P T a 0 3 f J Y - p 1

(rT)µ=´(PT¤rT)/mT/rTµ. Here PT and rT is 02 / ' k t
t h e t m n m , e m o m e n t u m a n d m d i u s o f a p m c l e , 0 1 L  j

m p m t i v e l y . A M ´  µ m e a n s t h e a v e r a g e f o r t h e r ¤ ¤ J E |

p a Et i d e s i n a c e l l l o c a t e d a t t h e sa m e r a d i a l p a - 0 5 10 15 2 0

r a m e t e r - F i g . 3 s h o w B t h e t m m v e m e n o w v e l o c i - , õ / × '

t i e s o f p i o n s , k a o n 8 , a n d p m t o n s f m m A u + A u

c e n t r a l c o l l i s i o n s a t t h e c e n t e r o f m a s s e n e Ú V F ig . 3 . 112e » SB SVer ¤e n ow v e l o c i t y p m a l e s
Í ' d p j o m , k ao n , m d p m Ø m m A u + A u

d = ´ O A G e v . h Od e r t o g e t t h e v e l o c i t y p m ¤ c e n t r a l d i M 1s a t J Z = 2 Þ A G e V -

a l e , a p a r a m e t e r i z e d h n CH o n E t s t o t h o e e s i m u l a -

t I o n s , PT(rT) - Î Ø
- 1+ exp[ - a( rT- b)] '

w h e m t h e p m m t e m m u 0 . 5 5 , b = 3 . 8 a n d r = 0 5 8 c . h m s e e n f r o m F i g . 3 t h a t o n t h e a v -

le p a n i c l e s o f d i g e m n t t y p e s a Eü m o v i n g t o g e t h e r w i É a   1 1 1e s e Ó SEl l t s i n d i c a t e a

a i n a m o u n t o f COI l e c t i v i t y i n A u + A u c e n t a l c o H i s i o n s

s t h e a v e r a g e t r a n s v e m e c o l l e c t i v e v e l o c i t y o f rm d - m p i d

h e S P S t h i s v a l u e i s a b o u t 0 . 4 » 0 . 4 5 c . I n o r d e r t o d

t h e t m n s v e I S e c o l l e c t i v i t y v e l o c i t y f m m t h e f Ó e m - o u t

i s j u s t t o t a k e a h m t z t r a n s f o r m a t i o n f o r a p a n i c l e h
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ls a t h e c e n t e r d m a s s e n e r g y J E = 2 Þ A G e v m t h R Q F
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