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u,d,s

RHIC 27

GSI-SIS, BNL-AGS, CERN-SPS ((s,,, =1-20GeV)

(° ) ~ 10%



[PRC59 (1999) 1637 ]
- nucl-ex/0405068, JPG27 (2001) 589, NPA698 (2002) 306, PRC66 (2002) 044907

271'2 Tch
Q :ud l,ud -1
S S 1,§ -1
gi
m;

1.7GeV/c?

p,h,r,w, h’, f, £,(980), ao (980), hy(1170), by (1235), a; (1260),
£5(1270), f; (1285), h(1295), p(1300), ay(1320), fo(1370), h(1440),
w(1420), f; (1420), r (1450), f, (1500), f; (1510), £5°(1525),
W(1600), px(1670), f(1680), r3(1690), £;(1710), r (1700)

K, K*, K;(1270), K;(1400), K*(1410), Ko*(1430), K,*(1430),
K*(1680)

Ay = eXp(Uq/Tch)v
A = explps/ )

Q33

p, n, N(1440), N(1520), N(1535), N(1650), N(1675),
N(1680), N(1700)

D(1232), D(1600), D(1620), D(1700)

L, L(1450), L (1520), L (1600), L (1670), L (1690)
S, S(1385), S(1660), S(1670)

X, X(1530), X(1690)

W
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+
RHIC

130GeV

BRAHMS, PHOBOS, PHENIX,

- prIKIK*IpILIXIW

p, K, p

<|\Ipart>

<N

part

»

BRAHMS

200GeV

STAR

| Table from nucl th/0405068

J¥n~n  experiment Refs. dN/dy orratic  centrality presented
130 GeV BRHAMS  [23] o= [nt (I {Npar:)
(23] p/p (I} (Npart}
PHENIX [24, 25] L (1) {Npare)
[24, 25) KT, K~ (1T} {Npars)
[24, 25] PP (IT} {Npar:)
[25] A, A (11} {Npare)
PHOBOS  [26] = /xt (II1) {Npare)
[26] K- /Kt (II) (Npare)
[26] Blr (IIT} {Npare}
STAR [21] T (IV) {Npart) dN,_ [dn
[27] &t K-, K (V) dN, _ [ dn
[28] KE*/K™ {Iv)
(28] (K*°) (Iv)
[29] P (V)
[30] pip (V)
[31] & (V)
[22] AA (VI)
[32, 33] =,=+ (V)
[33, 34] a0t (V)
200 GeV BRAHMS  [35] r [xt (D) {Npare)
[35]  KT/KT (1) (Npare)
[35] p/p (1) (Npare)
PHOBOS  [36] /xt (II1) {Npare}
[36]  K=/K* (1) (Npare)
[36] pip (IIT) {Npar:}
PHENIX [37] rt, n— (A1) {(Npare)
[37] Kt K- (1) {Npare}
[37] PP (II} {Npare}
STAR [38] L (VI} {Npart)
[38] KT, KT (VD) {Npare)
[38] P 7 (VI) (Npare)
[38] (K™OM(KE) (VD)
[40] ¢ (V1)
[41] A+ A (V1)
[42] =,=t (VI)
[34] Q-,at (V1)
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AROOMN A

130 GeV Au+Au, 4Npm> =317.0+8.2

T,= 16916 [MeV]

M= 132214 [MeV]

' L= 20t15 [MeV]

T
= 0.97+005
aﬁ%—é—ﬁf#—ﬁ_—*—_ﬁh% % lfd;i: 139/ 14
L W — |
i A #T s .
L o i
= model calculation & =
- O BRAHMS data ]
| A PHENIX data ]
| & PHOBOS data X
F % STAR data E
C oL 0]
T K p p AAE QKK p p A A 0<KST 0
K ppAAE QK © % F X X X X %
T T T T T T T T T T T T T T T 1
A
g ' kA TR A ]
N N I TN N N IR N N N L1 1

(*1) : feed-down cffect is cotiected in data
(*2] : feed-down effectis included

T,= 15612 [MeV]
200 GeV Au+Au, <Npm> =321.543.8 he= 94%L1 [MeV]
] — — I — T He= 31323 [MeV]
1 loaweonmy * Y= 1.0210.04
g —b—- O ¥ /dof=19.9/ 10
Al * 'y a |
210 F o 3
'E' - - ]
< - |
10 |- — model calculation —
E ok
- © BRAHMS data .
|~ PHENIX data i
10 |- PHOBOS data -
E +r STAR data 3
[ [ [ [ [ | [
IR0 13 = = . IE0 13 =
T K p p E QKD K p p AA 0 I QO
© K p p T Q@& ¥ ® ® ® ® ® X
) g [T — I I — I T ]
T e e e
= -2 | * —
i | L1 L L¥ L1 | [

1

(*1) : feed-down effect is cottected in data
(*2] : feed-down effect is included

— There are a few exception, but they are OK within 2 sigma
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Outlook of This Talk

Ouflook of This Tolk

B

¢ Freeze-out
- Chemical
« End of inelastic interaction
+ Number of particle Is fixed
- Kinetic
« End of elastic interaction
+ Momentum distrbution s fixed!

parton

o Chemical freeze-out model
- Assuming thermalization of hadron gas created in the collisions
« Here, ‘hadrons” consisted from u, d, s ars taken care
« Because ¢ wil not be thermalized due to the heavy mass

- Established by analyses to the data from GSI-SIS, BNL-AGS,
CERN-SPS (\/SNN =1-20GeV)
- There are several independent group

- The‘Mpdel

+ Ideal hadron gas model based on PRC59 (1999) 1637
- used in nucl-ex/0405068, JPG27 (2001) 589, NPAG9S (2002) 306, PROSE (2002) 044907
o Density of hadron iis

Ca(mi)? M@
u® (F) Kl ) 3,2 3,

xp(ita/ 1),
explyea11)

@ 1foruandd, -1 foruandd T,, : chemical freeze-out temperature

s lfors,-1fo light-quark chemical potential
G - spincisospin freedom |1, strangeness chemical potential
;- pasticle mass Y. strangeness saturation factor

« Compute particle densities for hadrons including resonances (masz<1.76ev)
o Apply decay calculation for all of hadrons

o And then we can obtain particle ratios to compare data

« Hadrons in tms model are:

B(1170), b1 (1239, 1 1260,
By o n(ms) 300, (1320, (1370, 1440,
D1 0) G150 G, 150,702,
RAGTO). {IESD), 931650), F1710), §1700)
KK, (1270, K(1400), K*(1410), K (1430, K°(1460),
H16e0)

., L), (1520, G535, MOI650), WC1679),
1650, NL70)

(1252, (1600), 51620), 4(1700)
A, ALD), ALS2D), A(1600, AISTO), AL650)

RHIC Experiments

Sma]l co]]aboratlons (~100)

BRAHMS, PHOBOS : Large 1) but small ¢ coverage
Big collaborations (~500)

STAR , PHENIX : Small 1) but large ¢ coverage

/‘;E}

2
i3
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s N N 550055, 5640, 30670) N
] H + Systematic error ameng models ~ 10% H 2, 5(1530), 2(1690) H
" " i a it
8 s ot onc oy " 8 s vt one u ) s vt onc . i} 1
Data Summarized from the Market Comparison of Fit Results to Data Centrality (<n..>) Dependence Rapidity Dependence
CEIEE P P R IS A R - CEIEE R O L R B R L S i
+ Data publication/preprlnt + 3 (5) centrality bins for 130 (200)
~ 130GeV and 200GeV Au+Au = Gev AusAu * BRAHMS data in central 200 GeV Au+Au coll|s|ons
clifionst s « Test of hadron combination e ity g vith oo,
« 4 RHIC experiments depenienes Tt 0 e o i
- BRAHMS, PHOBOS, PHENIX, STAR e —start with 7, K, p $ b fewe e BPO3CN0AI)
. - Increasing strangeness hadrons - ix
+ My centralty bins ot mid-rapidity e e ¥ slet, 5122, 513 59 =
+ Rapidly dependence at central b e e[| L ot b
Colisions ¢ Tons bor Hs il %
—nkp =7 Lets sensitvity to <tyu.> s = =
5 ot o 57
‘ .y A B R s
« To discuss centrality N 2 ireng wi e EF * HE
dependence - Resch Uil strangeress equilbration . =
- Interpolation of particle ratios as a v central collisions at RHICI 1 13 o
Fnationor s & aHsiHas wp At
« Because centrality definition is L ~ With adding more strangeness, value of ol é
pendent among experiments . parameters increased e -
+ Ieis necessary for simutaneous fic + The model reproduce data within (almost) one sigma -t eq;‘whbramn of multi-strangeness with = 4 s A
e others p a
ent expenments ~ There are a few exception, but they are OK within 2 sigma i LY LIEHMN:
5 5 5 s :
1 1 1
8 oo oo rone oy L 8 oo oo rone oy " 8 oo oo rone oy s n
IS L L B B i - fetnet: o .
= a1 e Chemical freeze-out model applied to recent
"~ RHIC data
3 i i * The model well describes data
E = o The fit results say
B — - Centrality dependence
d . s v « Strangeness equilibration (y,~1) in certral collisions
S et cmpuiemotnoil Ftmos « 1t happen only RHIC energy
B ik ~ 16~0.7 3£ AGS and SPS snergy
o *y s - Rapidity dependence
« Suggesting strange equilibration over y<3
¢ Tonr
- ETE;ST‘M N tonm % As discussed in page of ¢ Note
Comral ool sver yo04 e,y centrality dependence - Thermalization in hadron gas is an assumption
P - e s s paric combinaton « Thermal source = Thermal distribution - always true
Tcreasing with <N, > o M « Thermal distribution = Thermal source 10T always true
N - Reflct that baryon density is decreasing otk gl fer N - Be careful
i i

14
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e Freeze-out A

— Chemical \
e End of inelastic interaction
e Number of particle is fixed

D
£
.;

freeze-out of
elastic interaction

— Kinetic
e End of elastic interaction
e Momentum distribution is fixed eeze-out of
inelastic interaction

e Chemical freeze-out model

— Assuming thermalization of hadron gas created in the collisions

e Here, “hadrons” consisted from u, d, s are taken care
e Because ¢ will not be thermalized due to the heavy mass

- But this assumption is questionable now
- Thermalized charm can be in RHIC??

- Established by analyses to the data from GSI-SIS, BNL-AGS,
CERN-SPS (G5, =1-20GeV)

— There are several independent group
e Systematic error among models ~ 10%

15



| RERRERRT,

e Ideal hadron gas model based on PRC59 (1999) 1637
- used in nucl-ex/0405068, JPG27 (2001) 589, NPA698 (2002) 306, PRC66 (2002) 044907

e Density of hadron i is

) 4 (LY 2 , . Y
i = fYSlSll J TchB ( ) Ii?(mi/Tch) )\th )\s '

Ay = eXp(Uq/Tch)v

Q2 T, A = explps/ )
Q; :1foruandd, -1 foruand d T, :chemical freeze-out temperature
s; :lfors,-1fors m, : light-quark chemical potential
g; :spin-isospin freedom m : strangeness chemical potential
m; : particle mass 0, :strangeness saturation factor

e Compute particle densities for hadrons including resonances (mass<1.7Gev)

e Apply decay calculation for all of hadrons
e And then we can obtain particle ratios to compare data

e Hadrons in this model are:

p.h,r,w, h’, f, £,(980), ag (980), h;(1170), b; (1235), a; (1260),  p, n, N(1440), N(1520), N(1535), N(1650), N(1675),

£,(1270), f; (1285), h(1295), p(1300), a(1320), f,(1370), h(1440),  N(1680), N(1700)

W(1420), f (1420), r (1450), fo (1500), f; (1510), £°(1525), D(1232), D(1600), D(1620), D(1700)
W(1600), p2(1670), f(1680), r3(1690), f3(1710), r(1700) L, L(1450), L (1520), L(1600), L (1670), L (1690)
K, K*, K;(1270), K1(1400), K*(1410), K*(1430), K*(1430), S. S(1385). S(1660), S(1670)
K*(1680) X, X(1530), X(1690)
W

16



& Small ollaborations (~100)
BRAHMS PHOBOS : Large h but small f coverage

Masashi Kaneta, RBRC, BNL / 2004 2004 9 29
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e Data publlcatlon/preprlnt
- 130GeV and 200GeV Au+Au
collisions
e 4 RHIC experiments
- BRAHMS, PHOBOS, PHENIX, STAR

- Hadrons
e Many centrality bins at mid-rapidity
- p,f, K, K% p, L, X, W
e Rapidity dependence at central
collisions

P, K, p
» Note : only BRAHMS data

e To discuss centrality
dependence
— Interpolation of particle ratios as a
function of <N >

e Because centrality definition is
independent among experiments

e It is necessary for simultaneous fit
from different experiments

Table from nucl th/0405068

J¥n~n  experiment Refs. dN/dy orratic  centrality presented
130 GeV BRHAMS  [23] o= [nt (I {Npar:)
(23] p/p (I} (Npart}
PHENIX [24, 25] T, x” (1) {Npare)
[24, 25) KT, K~ (1T} {Npars)
[24, 25] PP (IT} {Npar:)
[25] A, A (11} {Npare)
PHOBOS  [26] = /xt (II1) {Npare)
[26] K- /Kt (II) (Npare)
[2€] Blr (IIT} {Npare}
STAR. [21] ™ (IV) {Npart) dN,_ [dn
[27] &t K-, K (V) dN, _ [ dn
[28] E'™/K™ (IV)
(28] (K*°) (Iv)
[29] P (V)
[30] pip (V)
[31] & (V)
[22] AA (VI)
[32, 33] =,=+ (V)
[33, 34] -, at (V)
200 GeV BRAHMS  [35] r [xt (D) {Npare)
[35]  KT/KT (1) (Npare)
[35] p/p (1) (Npare)
PHOBOS  [36] /xt (II1) {Npare}
[36]  K=/K* (1) (Npare)
[36] pip (IIT) {Npart)
PHENIX [37] rt, n— (A1) {(Npare)
[37] Kt K- (1) {Npare}
[37] PP (IT} {Npare}
STAR [38] L (VI} {Npart)
[38] KT, KT (VD) {Npare)
[38] P 7 (VI) (Npare)
[38] (K™OM(KE) (VD)
[40] ¢ (V1)
[41] At A (V1)
[42] =,=t (VI)
[34] Q-,at (V1)

18
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Tp= 16916 [McV] T,= 15612 [MeV]
[T I I I I 1 I I [ L= 20fl5 [MeV] [ T T T T T I I I [ p= 3.1123 [MeV]
ke Y= 0974005 -~ & Y= 1.02+0.04
1 as* _4_-@_‘%‘__*—_*;% ¥ dof= 139/ 14 1 g —b oA xYdof= 199/ 10
I i - s ]
= ES g -1 A
Q10 F kA 3 910 F X E
IS - R S g A .
a2 i = 1 a7 i = i
-2 -2
£ model calculati = L model calculati =
10 : model calculation i E 10 E model calculation E
O BRAHMS data ] - O BRAHMS data ]
| A PHENIX data 2 | A PHENIX data .
3 x| -3
{1Q |- PHOBOS data | 10 k- PHOBOS data —
F % STAR data ] E 57 STAR data ]
I T I I N N I I SN I N MO N N N R RO N R B ]
T K pp AAE QKK P P AA ¢<K”“>E_‘ Q © K p p E QDK p p AA O E O
T K ppAAE QX T X X X X K T X F K p p T o@®@®rT ¥ ¥* 1 x T ®
‘21 L B B DO A g T T T T T T T T T T T ]
P " : Mageeagess s e sonnie s . wiiedne el skl = & S, o duy e s R S S
%_BWA%‘*' B = _uc)ggﬁ%% o4 P ¥ £
i1 I N T I T T N Y N NN N M B 2 IR R RN R S SN N S R S N
(*1] : feed-down cffect is cotteocted in data (*17: fead-down effect is cottected in data
(*2) : feed-down effectis included (#2) : feed-down effect is included
e The model reproduce data within (almost) one sigma
— There are a few exception, but they are OK within 2 sigma
7
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3 (5) centrallty b|ns for 130 (200) MorKpAK 50 T MorKpA 0.2

o
GeV Au+Au 0 Simes hEAE § Reshn
e Test of hadron combination o RGE ALAY 200 GeVAuAL
dependence 2 1s0f ey
: R I . R LI L L
— Start with p, K, p e 140 {
- Increasing strangeness hadrons i —
i |S|:11 |S|:21 |S|=3 E :g
T S I o A . B R

® Ch’ rTbl 10

— Less sensitivity to <N_,;> 5 20F
2 10 :
° & % 0% R TR
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e BRAHMS data in central 200 GeV Au+Au collisions

To have same rapidity range with protons,
p and K dN/dy are interpolated from data
[JPG30(2004)1129]
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As discussed in page of
centrality dependence

There is a particle combination
dependence

More strangeness hadrons are
needed

but it is almost impossible so far
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e Chemical freeze-out model applied to recent
RHIC data

e The model well describes data

e The fit results say

— Centrality dependence
e Strangeness equilibration (g.~1) in central collisions

e It happen only RHIC energy
- @¢<~0.7 at AGS and SPS energy

— Rapidity dependence
e Suggesting strange equilibration over y<3

e Note
— Thermalization in hadron gas is an assumption
e Thermal source P Thermal distribution : always true
e Thermal distribution P Thermal source : NOT always true
— Be careful
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