Global and Hadronic Observable from BRAHMS

BRAHMS

Global and Hadronic Observablesat BRAHMS
ITP

April 8-12, Santa Barbara

F.Videbaek* for the BRAHMS Collaboration

Physics Department, Brookhaven National Laboratory

a

a

>

Overview wwts g

Introduction

O Global Observables (published data)

Q Charged particle multiplicity measurements
Q Comparison to theoretical predictions

Hadronic Spectra (p.d.+ work in progress)
Q Acceptance and PID.

Q Particle Ratios

U Particle Spectra

Q Comparison to theoretical predictions
Summary, outlook

Flemming Videbaek, Brookhaven Natl. Lab (ITP QCD-RHIC Conference 4/08/02)




Global and Hadronic Observable from BRAHMS

W
BRAHMS ‘

The BRAHMS Collaboration

1.6. Bearden’, D. Beavis', C. Besliu!?, Y. Blyakhman®,J. Bondorf?, J.Brzychczyk*, B. Budické,
H. Baggild’, C. Chasmant, C. H.Christensen’, P. Christiansen’, J.Cibor*, R.Debbe!, J. J. Gaardhgje’,
K. Grotowski®, K. Hagel®, O. Hansen’, H. Heiselberg?, A. Holm?, A.K. Holme!2, H. Ito'?, E.Jacobsen’,
Jipa'?, J. I Jordre!®, F. Jundt? C. E. Jar‘gensen" T.Keutgen®, E. J. Kim®, T. Kozik®, T.M.Larsen'?, J. H.
Leel, V. K.LeeS, 6. LavhaJdenz Z. Majka®, A. Makeev®, B. McBreent, M. Mur‘r‘ay‘ J Natowitz®,
BSNleIsen" K. Olchanskif, D. Ouerdane?, R.Planefa*, F.Rami?, C.Risteat®, D.Roehrich?,
B. H. Samset'?, S. J. Sanders“, R.A.Sheetz!: Z.S5osin®, P. Staszel’,T.S5. Tveter!?,
F.Videbaek!- R.Wada® and A. Wieloch®: S.Zgura!®

1Brookhaven National Laboratory, USA
2IReS and Université Louis Pasteur, Strasbourg, France
3Jagiellonian University, Cracow, Polan
4Institute of Nuclear Physics, Cracow, Poland
5Johns Hopkins University, Baltimore, USA
6New York University, USA
7Niels Bohr Institute, Blegdamsvej 17, University of Copenhagen, Denmark
8Texas A&M University, College Station. USA
*University of Bergen, Norway
10University of Bucharest, Romania
11University of Kansas, Lawrence, USA
12 University of Oslo Norway

>
The BRAHMS Experiment at RHIC BRAHMS gy

Probing Hot and Dense Nuclear Matter
By studying:
= Reaction Mechanisms and Dynamics
= Baryon Stopping
= Particle Production
= Mini-jet Production (high p,'s)

Through High Precision Measurements
of Identified Hadrons over wide range
- Rapidities: 0 < |y|] < 4

(Central and Fragmentation regions)

- Trans. momenta: 0.2 < p; < 4 GeV/c

Connection to QCD in these data?

. Baryon Stopping (junctions)

. Intermediate pt identified hadrons

. Particleyieldsvs. Energy, centrality and r apidity
. Spectra shape.

Flemming Videbaek, Brookhaven Natl. Lab (ITP QCD-RHIC Conference 4/08/02)
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WHAT CAN WE LEARN FROM dN,,/dn ?

% Can be related to entropy production
(if expansion leaves entropy unchanged)

% Hadronic re-interactions (shape of dN_,/dn)

% Relative contributions of hard and soft processes
(Centrality/Energy dependence)

% Sensitivity to shadowing and jet-quenching effects
(effects of the nuclear medium)

COLLISION CENTRALITY >
BRAHMS ‘

Au+Au @ VS, =130GeV
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of cross section (~3%) in the
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Using GEANT and HIJING
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< Define Event Centrality Classes
- Slices corresponding to different fractions of the cross section

% For each Centrality Cut
- Evaluate the corresponding number of participants Npar"r
(from HTJTNG simulations)
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dN_,/dn measurements in BRAHMS >
BRAHMS‘
Au+Au @ VS, =130GeV
TPMY < :
s S I 1 1
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ool P , oo ) FT
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= 1 0= ] - Reduce Syst. Errors
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dN,./dn - Experimental Results >
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S % Scaled Multiplicity distributions
2 15 by dNg,/dn/(0.5<N,,.>)
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T osf 8
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» Centrality Dependence
+ Mid-rapidity (N=0) © Increase with centrality
- Forward n's & No significant change
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VS,\=200GeV data
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Limiting Fragmentation Picture >

BRAHMS‘
Benecke et al, PRC 188(1969)2159
& at high energies the number of particles produced by the “wounded projectile”
nucleons is independent of the details of the target, the projectile and the
beam energy

Observed in several reactions Seems to work also for AA
(pp. pp. p-emulsion, m-emulsion) collisions at SPS energies
P + P . — 5 z T 5 T T T T
F UAS INELASTIC ":- - + { + .D{ZW}#H Woet
1 do [ , + * 900 GeV B 'U.\ 7% ~
G, by + 546Gev O p(200) +AgBr We=1
e 44 4 o 200Gev < i
4 ' + Lt 4 53Gev =k oty ¥ i A0(200)+4gBr Wom 145
i st * ’*i + ' [ O 5(200)+Ag8r W.=18.4
staths i 125k ‘,, + PH(138)+PE Wo=170 ]
IRXX: hg? Tk # . 1
st
4
] é“’*iﬁé | o7 |- ' B
w b
i ek [
1+ 4 # ' 4 $ .
¢ °3 | Deines-Joneset al, | ° i
[ Alner et al, U5 Coll. ] , [PRC 62(2000)014903 * ° ¥ 9"
Z.Phys.C 33(1986)1 iy 0 ; z
=y -6 -5 -4 -3 -2 =1 o ‘h‘] ﬂ_‘vm
Fig. 5. Pseudorapidity density for inalasli:]c:/:;‘:smplolled against FIG. 3. Scaling of target and projectile regions with the number
Vocam="— Yoeam @S a test of scaling in the fragmentation region, of target and projectile participants. Note that the two vertical axes
Pt ity are different. The target region (a) is normalized by ¥y, while the
projectile region (b) is normalized by ',
Limiting Fragmentation: from SPS to RHIC >

BRAHMS ‘

= Fragmentation region

Translate to the beam's
reference frame —

" [ o 0-5% AurAuSy-130 Gev
n - n - Ybeam 3?%;42 O 0-5% AurAulSp-200 Gev
(assuming N = Y) . r " f, O 30-90% AutAufS,-200 Gev
Eal a8 A 8.4% Pb+Pb.\5 =17 Gev
[ 2 L 1
» When shifed by Ypzam AL
5 a
& No Energy Dependence gls I by
(130GeV — 200GeV) T+ ‘8,
i . .
= Consistent with the limiting o | ‘ ! ‘ s
fragmentation picture - - MYoa ‘

«» No Dependence on
System size and Energy
0 Observed in pp, pp, p-emulsion,
TI-emulsion data
o Also in AA collisions at SPS

Alner et al, Z.Phys.C33(1986)1
Deines-Jones et al, PRC(2000)4903
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BRAHMS ‘
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HIJING
Wang and Gyulassy,
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Zhang et al,
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Lin et al,
PRC64(2001)011902

n
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% Parton scattering models give a good description of the data
% AMPT - wider distributions (includes hadronic rescattering)

dN,./dn - Comparison to Model Predictions >
VS =200GeV

N e

L ¥yn
vrr® ey,

(a) 0-5%

(b) 5-10%

BRAHMS ‘

AMPT

High density QCD
gluon saturation
Kharzeev and Levin,
PLB523(2001)79

Differences for
Peripheral Collisions

Flemming Videbaek, Brookhaven Natl
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Global Observables "
BRAHMS‘

O dN,/dn Measurementsin Aut+Au Collisons at two energies
VS, =130GeV and VS, =200GeV

O Combining dfferent sub-detectorsin BRAHMS

O Cover awiderange -4.7<1N <4.7
0 Reduce Systematic Errors

Arourd N=0
0 dN/dn/(0.5<N,,,>) = 3.10+0.20 at VS, =130GeV
3.50+0.30 at VS, =200GeV  (13%+-4% increase)

Forward N’s — No Dependence on Centrality
— No Dependence on Energy (Limiting Fragmentation)
Partonic Models — good general agreement with data

|V

Hadronic Spedra BRA

» Particle D and coverage (experimental)

e Pt, centrality, and rapidity dependence of pbar-p
e Model comparisons

* Even particleratios (thermal)

» Energy dependence and comparison with pp

« P,/m, dependence of particle species,

* Spectra.

Flemming Videbaek, Brookhaven Natl. Lab (ITP QCD-RHIC Conference 4/08/02)
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The BRAHM S Experiment BRAHMS )
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>
BRAHMS acceptance BRatims g

Shown toillustrate that the particleratios ar e from specific
arefrom <y>and <p>

BRAHMSJ'-‘roton Acceptance

Transverse momentum [GeVic)

B
n

Rapidity

Particle Ratios from BRAHMS (130 GeV data)

® y=0 (MRS)

05 YT MRS — Centrality and and p
o i . | 4 w dependenceof particle
5 o8 } {% ﬁ F % % ‘E;: It W ratiOS
£ o5 L
SO At y~0
oz i * pbar/p: 0.64+-0.04+-0.06
N b « N(K7)/N(K*): 0.90
’ Cei‘:rality (%) “ o :7( (Ge\l‘/f) :
g

N(KYN(K') = 0.90 £0.06

BRAHMS Preliminary
h h L .

04 06 08 1 12

T4 16
P+ (GeVic)

Flemming Videbaek, Brookhaven Natl. Lab (ITP QCD-RHIC Conference 4/08/02)
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Particle Ratios from BRAHMS (200 GeV data)

BRAHMS 200 GeV PRELIM. 2
BRAHMS 130 GeV Phys.Rev.Lett, 87 —

% 1 2 3 4
Rapidity

Ratios vs ...and Transverse
Centrality (top 25%) Momentum
1.5¢
1.4 [ y=0 BRAHMS 200 GeVPRELIMINARY
ALY & (0 BRAHMS 200 Gev PRELIMINARY F
r [ mm@ I
1.2] I T S |
g = I e @
1F N * '
C 0.5
i 1 L L L
© T [ y~2  BRAHMS 200 GeVPRELIMINARY
Co.6- -1 _H F #
[ mTl ITC @ 15”’.”.’"’.’ ””””””””””””
0.41 et | 2 [ & i
E AK/K ® I
0 2; — o5 ¢ e m nint
il ® p'[p r e L ) e A KK
| S A A R B [ . ‘ . @k
0 5 10 15 20 25 0 0.5 1 15 2
Centrality [%] Transverse momentum [GeV/c]
.
Rapidity dependence BRatims — g
1‘_._.__.___.__._*,{V* Rather smooth change from 130 to
+ C 200 GeV.
B
ST 05 Lo . .
BT Ratios ~identical over +-1 unit
[ BRAHMS 200 GeV PRELIMINARY  Hijing 1.36 around mid-rapidity.
1 - J I
- C T ;
X
&: 0.5 :*
C BRAHM‘S" 200 GeV ‘PRELIMIN‘ARY
1 e
o [ eea o
Q0.5 o
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»
How consistent are the model s? BRAHMS Y
:‘: 1oL HUING | Charged particle multiplicity vs for the top 5% central
Z L M, dNsso
T “ ERITIOF7.02 1) ggo— Frifipt. 787 !
ol = 1
5 08- i
0gMIING oxd
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% O8priTIOF 7ML T / L
z ' :
@ 0.4/UrQMD :.'" . |I'Ig :'rr ﬁl
z " i “ b
0.2 g
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] e q ‘_‘_;,:_rﬁr:, T AT ARV I \L%{n.u
ol—=L ! ! ‘ = 4 & 4 2 0 2 4 3
o ey 2 Pseudo-Rapidity 1

Rapidity dependence of pbar/p

_preliminaryp—bar!p
Comparison with AMPT (...) calculations

‘ including modification to string breaking
. (pop-corn) mechanism and re-scattering in
hadronic phase.
. nm<->NN channels ssmulated by p and w 2-
2 body channels.
3 N\
@ 05 \
H N
N
LI
N
N
q 1 | 1
-1 0 1 H 4
Rapidity
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Thermal description of yields

Hy (MeV)

) 60 44 31 19 9
1.5 T T T T T T

BRAHMS Preliminary

Comparison at 130 GeV ratios with
g2 0 model by Becattini et al
F y (PRC64,024901 (01))

Thechange in K/K and p/p to
forwar d rapiditiesis consistent with
the thermal description.

h'/charged

0.5 k=2
T =160 MeV
e e T=165MeV -
............. T = 17(' I\,Ie"
ole ! Lo | ! !
0.4 0.5 0.6 0.7 0.8 0.9 1

Energy Dependence of p/pbar ratio

I Summary of pp and AA data.
r /E866
[ ENAG4 .
08 ISR Jur— Large symmetry of baryons achieved at RHIC.
;mH,C‘?;RAHMS) . Never the less still significant net baryon yield
06 o at y~0 at 200 GeV.
g [ ¢
2 [
0.4 © Look in more detailson the pp. What can we
F ° learn.
02—
3 [
OF Bt it
10 e 10° 10°

Flemming Videbaek, Brookhaven Natl. Lab (ITP QCD-RHIC Conference 4/08/02)
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From ppto AA
.
I -0
: i | ISR R803 |
o8 l
ol 0® ‘
i Vs=63 l
04~
[ /o o8 =
0.2}
b I O TR T A ]
30 100 130 200 250 +
D.Khar zeev proposed to study Baryon + Vs=23
Junctions and evaluate magnitudefrompp. " | RBOS, ¥s - 25, 01, 45, 53 and B3 GeV
(PhysicsLetter B378,238) description with i1 asme ™(asTe ™+ pafe e
P-bar/p = s p+s1/4+42) =0.08 ¢ =8.5. % 10 SRy T
Second component should dominate t ” o > e
stopping at higher energy P, GeVlo

Unlike particleratio’s
§ :g, e BRAHWS Prefiminary | ‘N(K)/N(T[) 0.2-05
o ]
T « N(p)/N(T): 0.1 -1.4
o increasing with p,
* phar(p) > 1 (Tr) at p, > 2
£ L oo BRAHMSPreliminary
R
v —— T
3 —o—
e
o ' b 2pK (GeVic)
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Ratio

Ratio

K'In" vs Pt

BRAHMS PRELIMINARY
08 }
0.6 } ++
0.4 } +
F —+
02 } 4.7"*4’7
C —
0 n.‘z 0.‘4 0.‘6 0.‘8 1I 1.‘2 1.‘4 1.I6 1.‘8
transverse momentum (GeV/c)
\ pln vs Pt |
0.9 j
08—
0.7 ;
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+
nal- +
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02 —+
01l =
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0 0.2 0.4 0.6 0.8 1 1.2 1.4 16 18

transverse momentum (GeV/c)

B
BRAHMS w

K/T=0.17+-0.04
phar/T=0.08+-0.02

Asfor 130 GeV the charged hadron
yields are dominated by protons,
anti-protons at pt ~2.

Particle spectrafor cent 0-25%

T(n+) = 225 + 3 (stat) = 15 (syt)
T(r-) =227+ 3 (stat) + 15 (syst)
T(K+) = 284 + 20 (stat) + 25 (syst)
T(K-) =269+ 17 (stat) = 25 (syt)

K/pi ~0.17+-0.04

Arethe spectral shapes fully described by
radial flow? Do we need gluonic degree of

freedom for the data? How can this be
distinguished?

(a.u.)

diN
MtdyY diit

A

L)
. y~0
oy
ks e
E_A A 0““
L l’l“ . *
E 3

o

o b b b 1 L .
02 04 06 08 1 12 914

2
Transverse mass [GeVic ]
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Hadron observables Summary BRatims Y

pbar/p =0.75y~0
— Net baryon transport important
Pbar/p approximately constant over +-1 unit of y
— fallswithy, for y>1
Models nee to include rescattering to reproduce
ratios(pbar/p). (AMPT)
K/1=0.17; pbar/p=0.08 at y=0.
P-bar/ Ttincreases with p, reading~1 at p, > 2 GeV/c
Large inverse slopes (T) for K,p T(p) >T(K)> T(m)

— Radia expansion seams important

>

Outlod( BRAHMS J

To come from analysis of 2001 dita

SpedraTt, K, p, pbar for centralities in range 0-25%.

p- upto ~ 3.5 GeV/c.

Net-Baryon rapidity distributions (0-3).

pp comparison data at modest pt ( < 2 GeV/c). The hadron
spedrain pp are much softer than in AuAu.

First look at HBT at y~2;

Flemming Videbaek, Brookhaven Natl. Lab (ITP QCD-RHIC Conference 4/08/02)
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