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Hadronic Degrees of Freedom
in High Energy Heavy-lon Collisions

A. Ohnishi Hokkaido U.
1. Physics of HIC @ SIS-AGS-JHF Energies

* Is it in Yukawa phase or Hagedorn phase ¢
2. Particle Spectra in HIC and Hadronic DOF

* Hadronic Transport Models:
HANDEL, JAM and RBUU

* How M; spectrum is related to Hadronic DOF
3. Collective Flows and Nuclear EOS

* Nuclear Mean Field: p and E dep.
* How 1s the FOS soften in Hadronic Scenario ?

4. Thermal Properties of Hadronic Cascade Models
* Cascade wn a Box: What do they tell ¢

5. Summary

Collaborators:

P.K. Sahu, N. Otuka (Hokkaido), K. Niita, S. Chiba,
T. Maruyama, T. Maruyama (JAERI), Y. Nara (BNL),
W. Cassing, U. Mosel (Giessen)

Refs. e Y. Nara, N. Otuka, A. Ohnishi, K. Niita, S. Chiba
Phys. Rev. C 61 (2000), 024901. (JAM)
e P. K. Sahu, W. Cassing, U. Mosel and A. Ohnishi
Nucl. Phys. A672 (2000), 376. (RBUU, Flow)
e N. Otuka et al., in preparation.



SUOI1B|24J07) JdIHEd *

SMO|{ 9AI109]|0)) *
'WP/NP AP/NP--- BI329dG 3]d1ned
So|qentssq( HIH @

ere( oy utejdx3 )

$109J43 WNIP3|\ ‘P[214 UBS|\ Jeajdnp *

0 Aejusw|g «
Aﬁ.ﬁ@...n&ﬁ*zﬁqﬁkﬁzv H_OD O_U_“_Lmﬁ_ X

sindu| |Spof\ e

uAQg 79 "3e35 usamiaq quig e e )

d 4o d paxiy1e (A/3)p =1 mn) U___o_mi .
L paxiy 18 (90)y = vy/3 :(moseu) O3

0= (""d'L'A/N'A/3)} SOT |essue)
‘da@ "woN/#1S5/40S ((SOT) 21835 Jo uonenby x
0-7 ‘H-0O :wesSelq aseyd *

sa1149doud J911e|\ Sus(] pue 10H e

suolsl||o?) uo|-AnesH ASisug-ysiy ui
1€ DONINIY =18 oM 3BUAA X

z notmziaeT “TIAT » AT CTINT[rN




CJJINTTO 1V & 1LViE, LallzilOd

1911\ Jea|oNN [eWION
1911.IN ‘|ONN pajoonIadns

1911\l 21UOJpeH Jo welbeiq aseud @

. 0‘
“o-°
°d Odot - %
< n
[owop] : ' ' N
: 4-.-'/—' pPINDIT Uo3|dNN / N9N 8~9
Seo) U03|oNN

uoljezijewJayyl pue
uolanpold a|dlued // ‘ 6EJJI1|I’1|/\| ‘
@ seo) uolpeH 10H

.
N,
4,

......llll SN NN EEEEEEEEEEEEEEEEEER /\eV\I OOZ -
‘SOH ‘ 19]1e\ JluOoipeH

passaldwo)d
‘GAJI’]:) o110 D ‘

Jemew Buipuedx3




| "yu3j ssaualuesig 1IN(-9z33.4 [ewIdy] /|edtwsy) ¥

00T¢0T T TO
oor 0T \/H.o v/3 O\
<\MA I —<T—" 1 1 1
Q g ¢£2= z®
= oo wm — 0
g 6 @FCEN "RC 2
2 MO|H Mol
ondi|3 (pe1oauq)

MO| 3SJaNaSUBI| 9AI1D9||0)) ¥

[ TEY

u m
<%
M / m
(@l
J A
°p ?\:\,_-vea/ }
4.._. ‘
(59V)g > (SdS)¢ “(SOV)'L < (SdS)"L -+ - wnidadg Ly *
oidyp 0 T
MMMH (1omod Buiddoig =)
— v 351 Avpidey x
SIS/oeTenad AD/ND
ASLY €4+€ 00T+00T 002 G2 0T ¢~T AV 80
(NY3D)  (aNng)  (NY3D) (M3avre-y3am) (ng) (so)  (g7)
JHT JIHY  SdS HHr SOV SIS  2ejeasg

snielg |ejuswniadxy x

¥ notmziaeT “TIAT » AT CTINT[rN



wnJ309dg iy <

< JH 0 400

AP/Nep 3

6 JIH 9qLI9Sap 0}
y3nour] /AressedaN ode JO(I Yonw MOH <=

1 18M0o7 A/ 1abie se9 (N+) uoid
(seo uiopabeH) y
X1 >m_/ X_,, L "0 NV M VLN / NS
N L P/ Gl~
40Q Jabie VAVEN .-~ 0
:I_I

wnuqinb3 18 40Qq ®

(se8 sdueuosas) asnYyd UOPILD ] IO
(se8 uoid) asvyd pmoyng

Ul J913B|/ 9SUS(] pue 10H 9Y3 S| +

(40Q) wopasi4 Jo s9au35(Q 9dIed diuoipey

se13e\ Buniig /otuoipey ssusq 79 104 ()
Yy24e35 490 X

s21343u] {HM-SOV-SIS © DIH 0 saishyd x

C notmziaeT “TIAT » AT CTINT[rN




i S91849us GOy aA0qge udlos SOJ dY3 S EoI%U

ure|d-}o-1NO

“ v/3

v
aue|d-U|

(1J0S) aAnoeINY

d 00T ¢ 0T
v/3

|
?Emvm>_m_sgmm£

wn

()
T35
m

MO|d
pa123.1Q

; smoj4 pue Yp/Np ‘AP/NP ‘(3)Nn
JO Suipueisiopu() JUSISISUOY) <

(PR14 uespy) -3u| JespnN + J0Q dPIHEd

i 49Me|\ 2y1 sl J1ng moH :(SO3) 91e1S jo uonenby

e) notmziaeT “TIAT » AT CTINT[rN



MaIA 1UOI

A

(1nQ-9z93nbs)
N aNebhaN

\{
N\ aAIsod

Vv /< Xd>

MBIA 3PIS

mol4 ondij3

MO|H pa12aiId

notmziaeT “TIAT » AT CTINT[rN



‘sa14edold J913e\ 198 am uay |
'9p07) dY3 UNy pue xoq e ul s9IMed g *

N[E

saiadoid 491N €

'S9|qeAJasq() SNOoLIe Uo
Souspuada(q “ded 1oedw|/sz1§ walshg/ASisu] *
S91pN31S J11BWRISAG ayew uay |

ele D|H y¥m uosuedwo))

(A% 1 = "3 03dn ‘umouy s1 N
‘do@ “wo|y Suipnjoul ‘pIa1{ UBS|A UMOUN-||IAN *

91eJjodiodu| pue

SO ‘PR UES|\ JESPN ¢

‘(s8unlg + seoueuosay )
40Q 2P1Med PaYSI|qeIST-[PAN PUB *

(adeouo) paysijqeis3-|ppn + ereq dx3)
(SU0I199G SS047)). 0 UMOUN-|[IAN *

wo.y Suiuelg

40Q 2|21Hed :9pedse?) diuoipeH ‘T

04 mMalp | Suli1G-uoipeH . e wol{ —

; Se1adoud J911e\ DlUCIpPEH 10BJIXT] 9M UBD MOH X

Q notmziaeT “TIAT » AT CTINT[rN



SUOI1BDIIPO|A WNIPSJA *
(101084 WO + (O)N + MO) p|dI4 UBS|\ D1ISIAIRIRY *

Buins J1UOJIpEH
S \ < |

s uollesedsag urewo(] ASioug x

(Suissen Ag QSH) "Sesq pue wuo4 Suulg +
(" '.g © dW 'VV < NN .gg < 9g) duoipey 10 ¥

(s8uig)s + ((AeD ¢ > w) N ‘IN ‘.9 '9)y :40Q *
'026(00,)2L9VdN ‘| 38 nyes "y °d

(Ispow ¥29quajyn-Suljyan-uuewzyjog d1IsiAieRy) NNGY

b ‘b ‘(bb) =2 ‘(QINOY ~) Bule11EdSaY JUSNUSUOY) []
soedg aseyd + (DNIFIH ~) .Puni + WdA.. [T]

UoI1eDIHIPOIN WINIPSJN ON ‘(SS24804d ul) p|ai4 ues|y O *
so184aus Jsy3iy Je ‘uoidnpold 19r) pleHy +

(
..... Wwi/AeD T~ 104
Buiealg Wi T ~1

yrenbig

([e] (b b *(bb) =0) s9 4o *yo <y
[T] yyy=s “sseyy ‘sy«yy 'soyy) 4og +
(4 < 4y "yy < yy) duoipey 10 *
(se1845us JaySiy 1e) suoled +
(s8uag)s + ((AeD ¢ > w) N ‘N .9 '9)y '40a *

10620 ‘(00,)T9D¥8d ‘|8 18 eieN "A

(jopow 1iodsueuy 21dodsoDIN ey 19() VI

S[9POJ\| 9PEJSE") DIUCIPEH ¥

- notmziaeT “TIAT » AT CTINT[rN



(2£02(56.)26D8d OXN'IND R 1TV'9) LYV 7
(ev22(26.)8974d ‘1B 3@ Sued ' A) DYV =~ ‘1IANVH *

Pl314 uesy ul

(€67(86.)0v9VdN "8 3 NYES'd) NNGY ~
‘MSs /A 1d9oX3 SU01199G SS0UY) Ul

(6t+(96.)209VdN ‘Suissed 79 3eyay3) SH = :NNgy *
'S9SS9204 pJeH 4104

(282(126.,)08zdayd “|e 19 Suepp "N-"X)
ONIFIH 30 49/ 9oedG sseyd ~

(uoisny ss 1d9oxa) "S95S920.1 140G 40}
(162£'(56.)2GD8d 98405 "H) ANDY = NV *

S[SPOIN 13y O1 UCNE[SY e
x N N

‘diN <> dIN " < dIN
....F.K.F.FZZ — Z_/_
VMN < NN ¥¥ < 99 '¥g < 99g
(NN + Areurg) oiuoapey Apiang 0 x
A Mo td oty e
= %V (5eST)N ‘(0PPT)-N V N)
'S9y Sulk|-moT pue suoupeH 's'8 40 ¥
‘uoinjesedaud ul “"je 19 YN0 N

(73Qgow speased snappnu-snajPn 21U0IPYH) T3ANVH

nT notmziaeT “TIAT » AT CTINT[rN



(Ne9) *°3 (NeD) *°3

sbuins dd <- NN dN <- NN

SSUII1G <+ UOIJBWIOH SJURUOSIY-3|qNO(] pue -9|8uIS gy

S9I84UF JHI-SOV-SIS 90 Aejuswalg x

TT notmziaeT “TIAT » AT CTINT[rN



14

CJJINTTO 1V & 1LViE, LallzilOd

e NN Exclusive o

... Data exist upto 4 ~ 5 = Prod.

LA B e e L

pn‘—>ppn

pn—pnn’

PRI I S SR Y

T

0

T

pn—-pprT ©

T

T

$
¢

20
10+

Lo

o © <t [Q\ o

L e e e B ML B s m s S

L e LA e s e e e ey L

= b,
[S ,+"~’
c
& &
'T >g- —e—
o L
o ’]‘ o
(o}
L O —e—t
ol
L L
[ g
ol
L L
Coov v v b v v w0y A T B I I S B C_.
o o o © <t N o < ™ N — o O
™ N - S
T T T T
L& S | & |8
ro =] R
o R R
,Q_ 'Q_ >+ F
= |l & L B LB
o (o
I o LT L a LS
o a o
i I L I
o
I | o LT
Qo o
3 = = Fe
C . C v I I S B C_. PR
© © <t ™ N - o o 0 o
(Qu)o - © ©
(Qu)o

1
6
Ecm (GeV)

4



‘pojerdoroour Ajojorduros jou ore

YOXH

U098G9Y [QUURYD-N PUR ] :DJ0N

ST G¢C
7 H|O._” = :
. ] i 3,01
R m
| [ puueyo-s ]
] i wns 4,0t
] r dxg ]
.00 m
, . — ot
o oF S ST o
]z Ik
w ._TOH W w
1 a [ 10T o
s,013 | 13
198 | pukeyps ] 2
E wns
S0t [ dg .01

(neD) “°3
G¢ 0¢ ST G¢
- — T T ._TO._” Tl
i o
W PUUBYI-S -crevvereree . W I [EITTE =TT o R p—
i wns 4,07 F wns
[ aa o ] E ‘dxg
E obueyoxe abreyo d Y E L
E__ n n n 1 n n n n 1 3 OH n n n
4
ST 0T ST g S
F 3,01 a
L ] 3 E
R =V V=T p— ] g |
wins :
” QXm_ o H HOH E
[ <o ] E
n n n n 1 E
T
T oo._”
xw HOH
i 1 No._”
3 RER 3
_ 29 Slomesssond ] 0T
N N
q 4 BN
N N NN
sbuins
[guueyod-n
CT

™

—

TTTT

T T T

T T T

pUUEYD-) OlISep ————

] =] CT—
[e101
pd3 o
101dx3 o

suonossssond ,x
1

L L L L L

L

L

[T TR AR (1T TR A 1T

MR

L

,0T
,0T
2
013
(0T
,0T

NV Ul

N *u

(N2)o 3| dwex] e

A

'"yox3 uoAreg-yoxg uoabbay WI04 (S 10) o
|]puueyo-s

|]auueyo-)

m&c_\_“_.m — ._mccmr_U|§ pue -1 < |uueyds-s g|N

notmziaeT “TIAT » AT CTINT[rN



(9/A®9) d
0T T

(0z8T)V X
(069T)V ¥
(0zsT)V X
(SOPT)V, X

ou,‘,wo\.g

Loum
L)

— 0«

Lo

0

(qw) suonoas ssoid

(‘'yox3 uoabbay) suonoray UOS|ONN M

SUOI129G SS0J7) 93UBYIX] U0I33IoY

notmziaeT “TIAT » AT CTINT[rN



CT

¢ DIH ut suaddey UM _£

(;9/Ne9) w-'w
ST 0T S0 00 OT S0 00 OT S0 OO0 OT SO0 OO0
rrrrprrrrprrrrrrrTrp T T T T e e e T L e T T T

# ] |

Do, —
og) o —
° %
©e)]
06
o e,
og) |
o O
5o, —1
\_;_l_l_/_ﬁjvy‘/ix
S,
0

—ny+d €¢-20=A1-nD+d €¢-L0=AL |v+d €2-L0=A] €2-L'0=A = 0T

'o
—

o
—
(;,92- /8D qui) Ap*wip/o,p(wixg)/T

(=]
—

WmTQ

(INV[) suoisijjo) yd ul wni1dsdg uojoid

aInssald pareald
JO aInses|\

e =

JIH ul wniiadg Hp x

notmziaeT “TIAT » AT CTINT[rN



¢ 400 30 9|0y =9yl S| u,_£>>n%w_

(;9//29) w-'w
ST 0T G0 00,
T _ T T

N.OVEU%VO.O

==
13 |IIIIIII 1

AL
o
—
[,92- N8O Ap*wip/Np(wiag) T

OTX,% o ot
L AU o 4
- T'oxuolod v
C WBEE'e > i (0T

J/NPOVITT B :<§ + NV

(INVYI) suolsljjoD) ny—+ny ul wni3dadg uold pue uoloid

(;9/N99) "w-'w
GT OT S0 00 OT S0 OO OT 90 oo

__L_%M________ ___________ __________

R 0]

NV+IS TZ-G0=A 1 nND+S 02 0=A—+ IV+S 02+¥0=A—- OT

(,9,.\9D) Aplwp/NZp(lwuz)/I

(INVI) suoisijjoD) uoj-AresH 1ySi7 ul wni3d3dg uojoid

QT notmziaeT “TIAT » AT CTINT[rN



"Paz1|eay 9 01 SWIIS Sser) ujopaseH arewixoiddy - -
40O 498487 woJj SSwo?) 3uluslyog 23dg p_\/_mu

('yox3 u0a83ay oN 1NN ON) TIANVH PIO :9-19poIN
_>_<—. m30_>®\_n_ ”<|_®ﬁo_>_

(NeD) w-tw
V-I9PON m.ﬁ. _ .o.ﬂ. _ .m.o. _ .o.o

0T

40q Jobie] [feee
0'T>A>90

ml_wbo_\/_ LY

o
—
(;A2D) (Aptwip/N_p(twag/T)

-

(££(26.)62T'1ddNG d1d ‘|8 10 eieN'A)

i IPPOIN 40Q J9]jewS 1noge MoH

NeD 9z= "s (Ae9)°w-w
ZT T 80 90  ¥0 20 0
B A _ _ _ _ T°0
403d IsbJe’]
wjGe>q
wnnuiRuoo= NY+(/A9D v 9 TDINY S
Buins -~
3
. MS ~
N9®D G = S g
(e) <
AAAAAAAA 10T @
® s ¢
e Vlivd e <
-+- (5'€)3avOSvo T, DY
_______________ (9:2)nngy
— (§'e)nnay 00T

(NNgy) suoisijjo) ny-+ny ul wniidadg uojoid

T notmziaeT “TIAT » AT CTINT[rN



; 9ouspuadaqg >3 1noqe MOH _£

(ASIN (0££-082) = M) 491J0G :SWS) O JesulT-UON
(ASIN 00G < M) #11G 00 :]Ppow MO
°d/d

0S¢
00€

(ssusg mouse) SO :9duspuadsq Alsusq e

‘jueiodwi 24e ) JO svduspuadap
AS1au7 pue Ajisus(g

30 430q ‘DIH |

P|o14 Uesy Jesjpnp

SO JesdN|\ pPUe SMO[{ SAIIIS[[0) ¥

QT notmziaeT “TIAT » AT CTINT[rN



i S9|geAasq() MO|] uo mpumtm_mu

(neO)"™3
GvY ¥ € €G22 ST TGSOO

—— (*dx3)'1e 19 eweH

o
LO
(ABN)935N

| — (uasaud)«eIN | 001
— (dep-wow)eTIN
— C1IN
— =N L. _ 0GT
C AR A4V as
A~y (d)7y pue o - Sy (d)Sy

wniuswoly Y3SiH 1e Sundnod) g 9onpay :J01doeH w.o4

c_v_m_§ v_>_m

oD nToD n_umD Ac_v_m_vn_me

+0Nn—3n

|e11ualod 1usjeainb3 4a8uIpoiyog

3uldno) g\ Jo Jo1oe4 wio :9duspuada(] ASisug e

notmziaeT “TIAT » AT CTINT[rN



40(Q 934e7 + 104 W04 g\ + 10d O JesulT-Uop - --
1S9|eAI9Sq() MO|{ Ul U33S Sulual0g

(A99D) v/®%%3

T - w ; v [ 0]
T T T T _ H-O'
z0s (P45 )sqe ‘wy 9 =q
- 4 GO'0-
| L aen PR .l,..- O ZA
—
- A //83 -
G683
T
- 3AVOSVO
1 1 1 _ | IH-O

n7

(NNg¥) moj4 (spiemspi§) pa1daliq

notmziaeT “TIAT » AT CTINT[rN



(A29) w-w

¢'T 80 V0 0
_ _ cA ¢ 0T
— J/W} 8'0="1 |
¢ 40Q 19bie] « — /Wy 0'0=" | 2,
1y 19bre HINAON 4 10T Z
1 1 . dx3 | T 3
(Tox) x .
% 1, 0T 3
o
=
| 11T
(0T X) d m
~(Wwy £°€S q) [enuad 1 7 01 N
 (2°0>|"A-A]) Aupidey-pin

v’ w'd < ny+(3/A8D V 9'TT)NV

(T3ANVH) ‘Poid ‘MNA Yy1im e103dg

'6902(86.)26D¥4d :2£02(66.)28D8d ‘O I D 1TV 9 1YV
'¢112(26.)89714d ‘I8 19 Sued A DYV

QU] UOLDULLO PUB “DOLJ 2791740d12)N ]
Ul S3I| Jamsuy 9y |
i B1eq utejdx3 ] 4y pue DYy op Ayp\ -
e123dS 4ng 001 oni3 Aew JOQ [IBWS YM PPON_¢£

9pedse’) dluoipeH Jo saiuadoid |ewuay | x

T7 notmziaeT “TIAT » AT CTINT[rN



J wnuqlinb3 1e snJy 1 ﬂ@

'40Q (wnnuinuoy)) aaisse|y jo sjos e Aeyd kew  qo|g,,
i(L sny1 pue) 4 seonpay uoidnpoid uold nin Aypa
0d; Ausuaq uoklreg
8 L 9 ¢ ¥ € ¢ T O

——— 0
—e— J/W} 8'0=1 D
—e— J/WJ 0'0="2 M
—— "N O @

- —o— AVl - Hom

o)

: 1209

UOISI||0D NY+NY Ul 'JOAT [eway ]

Ayisusq Jaquinp uoipey [e10] =d
(so3sen espl)  d/g =~ I
D|H Suunp ainjessdws |

(TIANVH Pue NVF) 19138\ JO UOIIN|OAT [ewlsY |

I rd notmziaeT “TIAT » AT CTINT[rN



PnJ] Gl 3 ﬁ&f%w_

AmEt>mOv Aisuaq ABisu3
G'¢c ¢ g1 T

e J/W} Q0= _ 10
I_
—e— 1}N|A| ON 2
- — 'J[eD TeIs | STO0S
2
=
: 120 2
®
D
=

- | | -~ 19¢0

J°11€|/ dluoJpeH jo uonenuwig ---

XOg € Ul SoppIHed g ¥

C7 notmziaeT “TIAT » AT CTINT[rN



'$$94804d ul 24e S31349Ud SHS-4Hl
19y3iy 01 1 Sulhjddy pue sjppow 3sayi Jo uollediu *

(exmQ°N Aq padojanap)
TIANVH Ul UonENWIS Jo11e|A| PUB DH Ul e4103ds
ysnoayl umoys si utod siy| "4OQ [jews o1dxs ay1
solesusdwod pue ‘4O(] SSe|) 984e7 9AI1109)4] S91eUd

-usB8 3L ajuly yum poid NN ‘PpPoWw 40Q [[ews uj *

'(nyeg'y'd Aq paureutew) nNgy ul (MSs/* y3noays)
es309ds N\ pue (V ySnoiyl) ()N Sunay seige swi |
1s414 2y3 Joj Ajsnosueljnwis pauie|dxa usaq aAey sa13
-Jaus SHY-G|S 18 Mo|4 “dij|3 pue moj4 “JIJ O ylog ¥

‘(edeN "A AQ “|9ASp) NV Ul A|3US1SISUOD paqLIDS
-9p [|oM aJe suoideal Yy ‘yd snouea ul esioads Hpy x

"uoi3as ASJsus siyj ul
pazi|eay si ser) uopaley iddy
jeys s1sa33ns A|Suouis 1|
31 yum poid 1Ny ySnoayl uoisnipuj ud1dw
10
SSulI1G pue "say-AAesH Jo juswieas| 1d1jdx3
ysnoayl J9y3ie
1L pue |\ ueyl Jayio 4O (] oAUl 01 Aiedd3dsu sI 1
‘sa184ous GOy 1e eJ1dads H spdined uieidxs o] x

‘P14 ues|y ‘do@ wniuswoly pue d

pue
40d 'J33 JO 9seaou] /Yl
Aq pasned Suiusljog Jo julod MIIA B Wol) PaIpnis
us9q 9AeY S9IS4oUd GOy 1B SUuolsl||0) uo|-Anesy x

uoisnjpuo’) pue Alewwng x

Y7 notmziaeT “TIAT » AT CTINT[rN



