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Designed to study nuclear reactions in broad kinematic range (y-pt)

2 movable spectrometers with small solid angle measuring charged
identified hardrons precisely

Centrality detectors (Si+Scintillator Tiles) o characterize events
55 people from 10 institutions form 5 countries
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Ratio

BRAHMS

BRAHMS measures over a broad rapidity range
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The BRAHMS experiment
Setup used for Aut+Au data in 2001-2002

BRAHMS Experimental Setup | L

Mid Rapidity Spectrometer ]
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v Currently all detectors in CDR are in place and working
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BRAHMS

Anti-particle/particle ratios vs. rapidity at VS,,,=200 GeV
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PRL 90 102301 (Mar. 2003)

May 15 2003 RHIC/AGS

At y=0 (20% central)

pbar/p = 0.75 +0.04
K-/K+=0.95 +0.05

n/nt = 1.01 +0.04

Highest pbar/p ratio but still
incomplete transparency (~17%
increase from 130 GeV)

Ratios ~identical over +-1 unit
around mid-rapidity.

Weak centrality and p+
dependence (not shown here)
No Hyperon feed down
correction applied: less then 5%
correction

No theoretical model describes

rapidity dependent ratios
correctly

J.H. Lee (BNL) 5



BRAHM%é
“Universal” Correlation in K-/K* vs pbar/p?

Hg (T=170MeV) By simple quark counting
255 137 78 43 19

1.0 | | | = in quark recombination

o S K-/K*
= exp(2p,/ T)exp(-2p,/T)
0.8 i = exp(2n/ T)(pbar/p)V/3
= (pbar/p)V/3
% 06 e BRAHMS (200 GeV) :Z:j‘s”mmg local (iny)
Y BRAHMS (130 GeV) geness conservation
NA44 (17 GeV) * K/K=(pbar/p)
0.4 NA49 (9,12,17 GeV) a = 0.24+0.02 for BRAHMS
At y:O * EB866 (5 GeV) o = 0.20£0.01 for SPS
| —— Becattini et. al * Good agreement with the
o2t | K/K* = (p/p) " statistical-thermal model
T e prediction by Beccatini et al.
o 02 04 06 08 (PRC64 2001): Based on SPS
p/p results and assuming T=170
PRL 90 102301 Mar. 2003 &}, i, = o i, e MEV 6
TR~ Cuark Matter 2002, P, Seyhoth, private comm.

a6, 044007 (20027,
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BRAHMS

Pion and Kaon spectra iny = O - 3.5 for 0-5% central Au+Au
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Kaon: my single exponential fit
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BRAHMS Preliminary

#*
BRAHMS

<pt> vs rapidity for = and K
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dN/dy of pion and Kaon for

0-5% Central Au+Au at VS,,,=200 GeV
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No clear "plateau” observed
Rapidity dendities : Close to a

Gaussian shape (o(n+) =2.35 ~ o(K+) =2.39)

Yield is extrapolated from a double Gaussian (better description of data)
Total yield in agreement with pulished dN/dn measurements from

multiplicity detectors
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BRAHMS

Comparison with SPS data
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BRAHMS

Rapidity scaling SPS : RHIC?
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BRAHMS
Scaling in (K*+K-): (m*+m)?
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P. Christiansen (NBI) Thesis
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BRAHMS

p.pbar Spectra at 0-5% Central at y=0 - 3
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dN/dy of Net-proton

35

30

25

20

15

10

BRAHMS

dN/dy of Net-proton and Models for 0-10% central

BRAHMS PRELIMINARY

AMPT
HIJING1.36

HUING/B
H Net-proton
* Net-proton with feed-down corr.

May 15 2003 RHIC/AGS

J.H. Lee (BNL)

“Plateau” at |y| <+ 1

the yields by 18, 20% at
y=0,2.9

Net-baryon at y =0: ~16
gif N(proton)/N(neutron) =

N(net-A)=0.9N(net-
proton))

Hyperon feed down
correction decrease yields
16-20%

A range of models is still
allowed with these data.

16
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BRAHMS

Energy dependent Net-proton
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BRAHMS

Spectra vs Centrality at y=0 s\, =200 GeV
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Ref.

BRAHMS

Thermal Freeze-out Parameters from Hydrodynamic Fit

Assuming local thermal equilibrated source or boosted system
Fit all particles simultaneously with velocity and temperature

F 140k
= F . |
P.‘ o’k centrality 0-10% 130— .
EF C
2 F L |
Eolb 1201~ L]
Ll C
% : : PRI (S S T NS SR ST [ ST T SN NN SR S S S N T S SN N SR SR R S NN TN
:-%1 3 20 100 130 200 250 300 320 0
€ I A 085F
10 - -
g ¥ F ]
s B, = 0.623 + 0.004 065 0
10 T=119.3+£0.99 - 0
" »*/NDF = 560.0 / 172 -
106_...|...|...|...|...|...|...|...|...|... 0'55__
0 02040608 1 12 1.4 1.6 1.8 2 - B
m,-m,(GeV) L
055
T 50 100 150 00 230 300 550 400
: E.Schnedermann et al, PRC48 (1993) 2462 Npart

- Spectra are described by T, and <> :
1 —<Bp~0.62-0.53, Ty ~ 119 - 133 from 0-10% to 40-60% central
[ —<B Increase at RHIC, Ty~ AGS ~SPS?



BRAHMS

pr and centrality dependent pbar/p ratios at y=0

BRAHMS Preliminary

g- 1.8:—

g 15 R=0.78+-0.01 (0-10%)

£ T R=0.81+-0.03 (40-60%) |

A e

08F f A— jr+ —
0.6 T A
04 4 9-10%
02— & 40-60%
055 1 15 2 35 '

The ratio for central events (0-10%) are almost flat
over 0.5¢<pt<3.5GeV/c.
R(central)~R(peripheral)

May 15 2003 RHIC/AGS J.H. Lee (BNL)
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K/n ratios at y =

#*
BRAHMS
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BRAHMS Preliminary

dN/dyl05™N, .

®
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- o T o T
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i O A A A
A A A
A
. ¥
I ¥ ¥
i ¥ net proton
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
b0 100 150 200 250 300 350 400

Nyart

(BNL)

For all the particle species,
the yield per participant
increase with N

part:
K#, p, pbar yields per
participant rise faster than

it yield.
Errors statistical only on plot.
Systematic error ~10-20%

Dominant syst. error from
Npart determination, and
extrapolation of yields.
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BRAHMS

20550 D
050 A . © <p-py™”
C Fiy Y .
oast . + 0.4-2.4 for pion
- + 0.6-2.2 for kaon
0.4
i K + 0.5-3.4 for p/pbar
S _ _ . * <pt> increase with <N,,.> and
03 ¥ mass: p and pbar increase
0.252_ . . ® . fast with <Npaﬂ>2
02] T consistent with radial
. expansion picture
0.15—
0_1EIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
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part

May 15 2003 RHIC/AGS J.H. Lee (BNL) 23



BRAHMS

Summary (Au+Au at V5,,,=200 GeV)

Rapidity Dependence (y =0 - 3.5) in Central Collisions
+  K-/K*, pbar/p: approximately constant over 1 unit of rapidity
and fall of f with'y
“Universal” correlations?: K-/K+~(pbar/p)l/4
dN/dy(K~+K-)/dN/dy(n* + n~) ~ const
dN/dy for n and K: ~Gaussian distribution o(n+) ~ 6(K+)
<pt> and Inverse slope decreases with rapidity
(10-15% from y=0 to 3)
near flat net-proton yield iny < ~ +-1
(dN/dy(net-baryon) ~16 at y=0)
Increasing fransparency with energy
Centrality Dependence at y=0

Yields per participant increase with N,,.;. (K,p rise faster
than )

<pt> increase with <N,,.,> and mass: consistent with radial
expansion picture: Spectra are described by Hydro-fit

May 15 2003 RHIC/AGS J.H. Lee (BNL)



BRAHMS

Rapidity dependent ups and downs for central Au+Au at VS,,,=200 GeV

Fromy ~0Otoy~ 35
Decrease
-dN/dy for all particles
- <pt> and inverse slope for © and K
- K-/K
- K/
- pbar/p
Increase
- Net-proton yields
- Chemical potential
Flat
- o/t

- K/t

May 15 2003 RHIC/AGS J.H. Lee (BNL) 25



BRAHMS

More exciting measurements will come

Next Au+Au run (Run4?) with high luminosity will give

Rapidity dependence as function of centrality

More compelete description on stopping (net-
proton)

Rapidity dependent High-pt physics
Rapidity dependent HBT (at selected rapidities)

Reaction plane and rapidity dependent identified
hadron yields (in discussion)

May 15 2003 RHIC/AGS J.H. Lee (BNL) 26



Extended PID for High pt measurements at y=0 - 1

= New Cherenkov detector C4 +
TOFW2 at Mid-Rapidity
Spectrometer

=Currently taking data (d+Au,p+p)
= t/K identification up to p = 8 GeV/c

= "high-pt" pion measurement up to
56GeVaty~0 (luminosity limited)

May 15 2003 RHIC/AGS J.H. Lee (BNL) 27



Run3 (d+Au, polarized p+p)

d+Au run:
- ~30M MRS 28M FS spectrometer triggers taken
- reference measurements for Au+Au (y ~ 0-3)
and small-x (y~3) physics
Identified charged particle at y~0,1 (pt up to 5-6 GeV/c)
at y~2,3 (pt up to 3-4 GeV/c)

Polarized p+p run:

- Data taking in progress

- 45M MRS 3.5 FS spectrometer triggers taken

- reference measurements for Au+Au (y ~ 0-3)

and transverse asymmetry measurements (aty ~3 pt < 2.5/c)
for one charge at current machine performance

May 15 2003 RHIC/AGS J.H. Lee (BNL)
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BRAHMS
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BRAHMS

BRAHMS Publications

= "Rapidity dependence of anti-proton to proton ratios in
Au+Au collisions at Vs, =130 GeV"

Phys. Rev. Lett. 87 (2001) 112305

» “Charged particle densities from Au+Au Collisions at Vs,,
=130 GeV"

Phys. Lett. B 523 (2001) 227

= "Pseudorapidity distributions of charged particles from
Au+Au collisions at the maximum RHIC energy”

Phys. Rev. Lett. 88 (2002) 202301

= "Rapidity dependence of anti-particle-to-particle ratios in
Au+Au collisions at Vs, =200 GeV"

Phys. Rev. Lett. (Mar. 2003) : nucl-ex/0207006

= More information in http://www.rhic.bnl.gov/brahms
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