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1393: ADDENDPUM 4 T& NAQD PRIPOSAL

Searching for QCD Phase Transition

Proposal of NA49 for a low energy Pb—run at the SPS

1 Introduction

An analysis of results of the experiments NA49 [1] and NA35 [2] on central Pb+Pb and
S+S collisions at CERN SPS energies (158 A-GeV and 200 A.-GeV) and AGS experi-
ments (= 15 A-GeV) show that the collision energy dependence of the relative pion and
strangeness production in central nucleus—nucleus (A+A) interactions changes between
these two energies [3]. The most exciting of the possible interpretations of these observa-
tion is that a transition to a new form of strongly interacting matter, the Quark Gluon
Plasma, takes place somewhere in the above energy range. This interpretation is plausi-
ble because estimated initial energy density in A+A collisions at SPS is larger than the
critical energy density obtained from lattice QCD calculations. Therefore, we suggest to
confirm such an interpretation with a search for the transition energy. For this purpose
the NA49 Collaboration proposes to study central Pb+Pb collisions at the intermidate
collision energy gamund 30 A-GeV) as soon as possible. Further studies (selection of dif-
ferent collisions energies and smaller colliding nuclei) will depend on the results from the
intermidiate energy run.

This note presents the justification for this proposal. The experimental and theoretical
motivations are reviewed in Section 2. The expected signals of the QCD transition are
summarized in Section 3. The performance of the NA49 experiment and the required
statistics and quality of data are discussed in Section 4.

30 AGEV RUN IN 2002

March 9, 2003
L e

THE NA4S SPOKESMEN §
R. sToek (< \%97)

P. SEYBOTH ($1997)



A BRIEF HISTORY OF THE ENERGY Scan)
PROGRAM AT CERN SeS?
1994 - 18%6 ; FIRST IDPEAS

1397 ! FIRST NAY4S REQUEST OF LOW ENERGY
SPS RUN (30 AGE‘\()

19283 TEST 40 AGEV RUN (NA4s)
19382  Fucl 40 AGEV (Neas, NS0, NAGS, NASF )
2000! S DAYS OF 80 A GEV (NA4g, NASS)

2002: 2 PAVS QF 20 AGEV (NMS,]M&G@)

F IDAYS AF 70 A GEV (Nﬂqs;; NA6Q )

4
sps: 160, B0 a0, 30, 20 AGEY

+ NEW RWIC DATA

+ AES hHaTA



YOA

STILYHINID aNy A9970J0L ASDIY —

s NO ILYDId 1L ovId|

JoL —
xp/3p -
IJ\LIYd

SILIHOULIIIS NO2AAYH 3IONYLD320W IOHYY]

E.U.n_n_._._.

1700 vOd /

| HL-d0L

— — —

T

1do1s3d 1 e-qas z- Em\
m“_Emm.”_ R e
LN A
.y L/ Ly
Z-0dLA 1-0d1A X i 4
S | Bl S 0| i S
1-Odd

N-x._.}

_.x._.}

S1INDVIN X3LH3IA

-

wel

SdS N332 LY GhUN



CHARGED PARTICLE (IPENTIFICATION
IN NA4S

p=4GeV/ic

500

D_
d =l
E/Gh- 18 1.5
(a_u 1 \'2
) 1 0 : m? (Ge )
-0.5
p K =¥ il p
g 8 500010-8 <dE/dx < 1.2
UEJ 3000 Lﬁ
6000
2000
4000
1000 2000
0 0
0.8 1 12 14 16 1.8 -0.5 0 0.5 1 1.5

dE/dx (a.u.) m?2 (GeV?)

o-(ToF) = 60 ps o (Wax)x 4%



® ® BASIC DATA
i i R A Y

(THERMAL FREEZE-OUT )

e RAPIDITY SPECTRA
MULTIPLICITIES

( CHEMIcAL FREEZE -0UT)



CENTRAL PB+PB AT 158 A-GEV

baryons, K' anti-baryons, K, ¢

T 10 T=127:4MeV Lo T=122£2MeV
g Br=0.48 £ 0.01 Br=048% 0.01 3
= _ X'/NDF=118/43  X'/NDF=46/41
g 10 ¥ i ]
= E
= b o 3 .
. K _ ]
10 p (% 0.5) K E
A (% 0.05) v 3
-3 = (x 0.05) - ]
10 p(x0.1) 7
.. D02 f(x 0'0”_:
‘\"d(x0.01) E (x0.01) 3
10-5 | [ I | o | Ll lgl)‘l()l< E)i()?)l-g

& @8 1SN IneE et 1.8 2
m,-m, (GeV)

My SPECTRA CAM BE FITTED ASSUMING
COLLECTIVE TRANSVERSE FLOW OF
FRERZ'NG—-0UT MATTER

THERMAL FREEZE —-O0UT PARAMETERS

Te & 120 MEV RBeX 0.5
(TEMmATURE ) (Fww UELOC”-\/)

SCHNERERHMANN COQULLFRANK | HEINT
PRc 4@ (93) 2462



CENTRAL PB+PB AT 80 A -GEV

baryons, K anti-baryons, K, ¢

'%E. 10’ 1% T=133+£3 MeV T=120%+ 1 MeV ]

= i Br=046% 0.01 Br=047% 001 ]

P X'/NDF= 43/37 X'/NDF=106/38 1

= ~ :

= 10 E

NZ . =

™ * % 3 =
A K*

10 K 1

pix.l)

¢ E

3 A (% 0.01) .

10 e » ]

o p(x0.1) E

e d (% 0.01) = -

A (x 0.01) 3

5 .

Iﬂ | | | | I | I 1 101 I 1 411 I L1 Ll 11 I 1 1 11 I L1 i1 I L1 11 | [] I-!

0 0.5 l 1.5 2 0 0.5 l 1.5 2
m-m,, (GeV)



CENTRAL PB+PB AT 40 AGEV

baryons, K anti-baryons, K, ¢

‘ T=137+4MeV
a"!,b, B.=0.43+ 0.01
%*/NDF=117/30

T=130+ 2 MeV
B=0.46+ 0.01
¥’/NDF=152/33

PRTTIT EERETRTTT

.
ol s
-

- &
10 K =
p(x0.1) 3
¢ 3
i A (X 0.01) 1
ol
d (x0.01) p(x E
5 A (X 0.01)
10 4

Illilllllll!llllllllll IIIIIIIIlIlIIIIIIIII]l-

0 05 1 15 20 A8 i 153 3
m,-m, (GeV)

NO SIGNIFICANT KARIATION OF

THERMAL FREEZE-OUT PARAMETERS

AT SPS ENERGIES



am RAPIDITY SPECTRA

MULT\PL\C\TIES

AND CHEMICAL FREEZE-QVUT




CENTRAL [PB+PB8 AT:

30 AGeV 40 AGeV 80 AGeV 160 AGeV

dn/dy

150F

FuLLt - MEASURED
OPEN -~ REFLECTED



INSPIRBD RY ROLF HAGENDOIRN [DEASS

3 16 =
= SpS Pb+Pb collisions 158A GeV/c+ ]; T
— K "‘.'
2102 -y
2 Aa o
) e
S 10 e
P T=157.9+1.5 MeV
1 o ’."' ¢ A(1520) W,=245.215.6 MeV
ol v,=0.833+0.024
5 ﬁy' ¥°=16.5/9 dof
10 ....l'-‘] L3 3 a3l A EETT | AR | 5 AR TET
10 1 10 10
Multiplicity (therm. model)
= AE -
S ¢ 3 ¢ 3
2 0 -
k> _ $ 3 ——9—% 3 ¥
S E o 0 0 1%, -

o KEEAAG® 2 E ADG B

HAPRON GAS MPPEL WITH PARTIAL STRANGENESS
SATURATION (s )
F. RECATTINI, M.G., J. SOLFFRANK , EP3 C5 143 (38)

SIMILAR ANALYSIS RY BRAUN-MUMZINCER‘STACHEL

CLEYMANS ( REOLICHI
YEN , GORENSTEIN



Multiplicity (data)

Residuals

—_—
o
L

—
=
4]

—_
=

SpS Pb+Pb collisions 80A GeV/c

-

ot sl 3 |
0

@’

g
K+ .-"r'* B

A o
-

8
L R 121545441 Mev
1,=293.7+15.3 MeV

v.=0.71610.027

x::10.4f4 dof

2
10
Multiplicity (therm. model)

10°

—a—
L




—
=
e
Ty

SpS Pb+Pb collisions 40A GeV/ic ’"'ié}
Rk

)
(~=1
= B
2107 ;
— 3 qf"' +
< K
E & A
S10 | 7K
_ '¢ T=147.7+2.0 MeV
{ W,=377.248.6 MeV
5 ¥=0.747+0.023
b x’=14.8/4 dof
10 Pl il i r 3 sl 1 y 1 sasaal L L0 3 auan
= 2
10 1 10 10
P Multiplicity (therm. model)
g2k ¢ ¢
o+ T t—3
2 -2 F
4 E L 1 L 1 ] ] ]




T (MeV)

CHEMICAL FREEZE-0UT PARAMETRRS

quark gluon plasma
200
T = end
X Ny - -
1 T ! p—(:n:\
100 - g hadrons
A+A: b
| W NA49 o
A SIS, AGS ¥
% RHIC
0 ! | ! |
0 500 1000

Mg (MeV)

QCP c¢RoSS -OVER CURVE :
FODOR , KATZ, hep- lat/02.04028

RUT SIMILAR FITS ANN CHEMICAL FREEZE -OUT
PARAMETRS DESCRIBE ALSO ptp AND hh e
IDATA (F. RECATTINI ET AL.)



® ® © S\GNALS OF DECONFINEMEMT
W ——————



SIGNALS OF DECONFINEMENT

am PION ANOMALY
(" THE KIMK")

m STRANGEMNESS 141'
ANQHALY
[}
(" THE HORN ) /\_—- @
- F
= SLOPE ANOHALY <

(“THE STEP" ) + / @

@ FLUCTUATION w
ANOMBLY

14
(THE SHARK EIN ') / \ 2



- PION ANOMALY

DECONFINEMENT
&

AN INCREASE OF ENTRORY
PRODVCTION

DVE T2 HIGH NUMBER COF
EFFECTIVE IPEGREES OF
FREENPOM IN QGP; 9

"~ AN INCREASE OF PIGN YIELD
AT TME ONSET OF DECON FINEMENT

- @

M.G6. Z.PHYS C66(35)659



(m)/(Ny)

23

20

15

10

WITHIN SMES
ONSET OF DECONFINEMENT AT 223 AGEV

2
(A+A)-(p+P) g7 =
]
b Ir Ty
! ——
o—f 113
B o8 1- -
1o : é 3' ; 5 -
F(Gev'® -
A+A:
I B NA49
;c@ﬁm; e LBL, JINR
6‘? op+p A AGS
ﬁi I:II:H.E + RHIC
| |
0 3 10 15

F (GeV )




= STRANGEMNESS ANOMALY
S ——————————— 0y




STRANG E/ NON STRANGE RATIO
R L

HADRON GAs: (K+K )/ (w)

FOR T & T

- 2 "m’c/'r
e |<KK> ~g T e

<> ~ 311'T3




M.G., D.ROMRICN, Z. PHYS, (%
(189¢) 55

M.G. MLGORENSTEIN  APP 1330
(1383 ) 22705



(KOKn")

0.2

g e

] A
0.1 i % i}} b
I i% A+A:
B NA49
A A AGS
Op+p * RHIC
1 ﬁcpl 1 111 L1 L1
0 o | | >
1 10 10

\[Snn (GEV)




KA + <KtKD
<w>

i

¢ CONFINED MIXED PHASE

| MATTER

HGM

| SMES

0.2

WITHIN SMES ONSET OF
DECONFINEMENT ATRIOA-GBU

PREBRLENS OF MONELS WHICH D0 NOT
ASSUME  PHASE TRANSITION F.G.:
HADRON GAS MOPRL RY CLEYMANS REPLICH



== SLOPE ANOMALY

]

ONSET QF DECOM Ftuﬁwng

g
MOoDIFicaTiON OF EOS )

I~ b

ANOMAYY IN TRANSVERSE EXPANSION

L. Van Hove  PHYS. LeTT
Bug 133 (82)



T [(MeV]

4 E‘.ﬂ ~ e
NTdW\T
y=0
350
K-
300} +.
230 F
.
200 A
150 AA
100 et '2
1 10 10
Vs [GeV]

WITHIN SHES
ONSETOF DECONFINEMENT AT = 30 AGEV

GORENSTEW | M.G., BUCAEV,
hep-ph/030304%|



T [(MeV]

250

300

250

200

150

100

10°

v's [GeV]




'Y X X gmc:_uslous/pm-uge

ENERGY SCAN PROGRAM AT SPS

[

/_”—7

- ORSERVATION OF ANOMAMLIES [N ENERGY
DEPENNENCE OF HAPRAN PRODLCT! QN
(PION'S | STRANGENESS  SLOPES ... ? )

-

SUGGESTS DECONFINEMENT PHASE
TRANSITIAN (N AtA COLLISIANS
AT LOW SPS ENERGIES



FUTURE
m—— |

a FINISH ANALYSIS 0OF ALREADY TAKEN
PATA ((NEXT SEUERAL YEARS )

e DPOSSIRLE A NEW PRAGRAM AT CERN SPS

.~ ENERGY SCAN PRQGRAM
(NITH KIGHT IONS AT CERN SfS
E= 10 -200 A-GEV

A= P¢ Cl S‘u Ca
(2006 2 )

R

- CONTINOE STUDY AT SIS200
CLOIO CRQOSS SEcman OBSE&VABLES)

e POSSIBLE HELP/COMPETITION AT RHKIC



o
+>\ E
¥ v
bl ) = . %
‘ ¢, = ENERGY SCAN PROGRAM
r pe WIITH
0-1__ LIGHT IONS
i A+A:
B NA49
B A AGS
s Op+p * RHIC
0 1 | gl ] ol ey gl
1 10 10°

\[sxx (GeV)
&

STURY ONSET OF DECONFINEMENT AS
A FUNCTION OF SysTEM SITE





