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PHOBOS Highlights

e d+Au & p+p physics
e Multiplicity
e Inclusive Spectra
e PID

e Multiparticle Physics
In Au+Au
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PHOBOS 2003

TOF & SpecTrig:
C. Henderson

Trigger & Centrality:
R. Hollis
A. lordanova

PCAL:
C. Reed

Several crucial upgrades for d+Au

Check out our student posters!
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Charged-Particle Multiplicities
in p+p & d+Au
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Minimum-bias d+Au
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See R. Nouicer’s talk
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Minimum-bias d+Au
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Centrality Dependence of d+Au
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Participant Scaling?

Multiplicity
extrapolated
to 4n

Relative to
p+p multiplicity
at same energy,

scales with N /2
No modification with

e Beam energy

e Nuclear thickness

Peter Steinberg

e 200 GeV dAu vs centrality

o 200 GeV dAu Min-Bias

ap

200 GeV pp inelastic

PHOBOS
Preliminary

R=0.5N_,

]
-
#
-
LR
-
Jl‘
A
#
n
n
-
-
#
"
Mo e

—

Df'.‘

—

119.4 GeV n*Pb
013.7 GeV n+Pb
[19.69 GeV n*Pb

013.7 GeV K'Pb
09 69 GeV K'Pb

E178

(Busza et al.)
¢ 194 GeV pC

¢ 13.7 GeV pC
& 968 GeV pC

¥ 19.4 GeV pCu
¥r 13.7 GeV pCu
¥r 8.69 GeV pCu

A 194 GeV pPb
N 137 GeV pPb
M 868 GeV pFb

. 1|f)
( Npart )

15 [0):10A)



Is N, Fundamental?

s  Au+Au (cent. 6%)

o ppNSD (UA5) —

.S A
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* d+ AuMinimum Bias

ot oo, Expectations:
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Why do they add up to
N,are SCaling so robustly?

Same effect in Au+Au
5 -4 -3 -2-10

nucl-ex/0311009 N “Long-range” correlation?
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(p)d+Au in Different Frames
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" Preliminary
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As with Au+Au, “limiting fragmentation region” grows with energy.
Shape appears to be constrained by lower-energy p+A data.
Surprising over 1.5 orders of magnitude in collision energy.

Peter Steinberg
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Can we build Au+Au with p+p/d+Au?

PHOBOS 200 GeV

st 4t

e AUt+Au
o d+Au

© p+p -

0 10

Au+Au nucl-ex/0301017
d+Au & p+p preliminar
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Can we build Au+Au with p+p/d+Au?

PHOBOS 200 GeV

foaee
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e Au+Au
o d+AuU

: ~ p+p
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Au+Au nucl-ex/0301017
d+Au & p+p preliminary
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Can we build Au+Au with p+p/d+Au?

PHOBOS 200 GeV

poar e

I Fundamental difference |
Z between p+p / d+Au & Au+Au?]
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Can we build Au+Au with p+p/d+Au?

PHOBOS 200 GeV
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Can we build Au+Au with p+p/d+Au?

PHOBOS 200 GeV

foaee

Fundamental difference |
between p+p / d+Au & Au+Au?]

Au+Au nucl-ex/0301017
d+Au & p+p preliminary
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Can we build Au+Au with p+p/d+Au?

PHOBOS 200 GeV

0

Au+Au nucl-ex/0301017
d+Au & p+p preliminary
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Can we build Au+Au with p+p/d+Au?

PHOBOS 200 GeV

Fundamental difference

0

Au+Au nucl-ex/0301017
d+Au & p+p preliminary
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Multiparticle Physics:
Fluctuations, HBT, Flow
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Forward Multiparticle Physics in Au+Au

4n multiplicity measurements show long-range correlation

e Fluctuations & Correlations Long-Range
. VS.
e HBT Correlations
_ _ Short-Range
e Azimuthal asymmetries effects

5 4 -3 2 1 0 1 2 3 4 5 N
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Forward-Backward Correlations

Single PHOBOS Au+Au PHOBOS study for Au+Au:

particles

K. Wozniak talk

e Correlations consistent w/ UA5
e Weak rapidity dependence from 1<|n|<3

UAS5 p+p: 2-particle clusters explain
e Short-range correlations in n
20< Ngps < 30 e FB correlations

M-,

UAS5 PLB123:361 (1983) 54321012 3 4 5 N
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Longitudinal Dynamics with HBT

See talk by B. Holzman, poster by C.M.Kuo

Particles at a given
rapidity are correlated
with a source
(0.1 <k; <1.4 GeVic) > at the same rapidity

[ NA49 (1998) .
| (0.1 < k; <0.2 GeVic) Similar to FB result:

| Open symbols reflected correlations are

- local in rapidity.

- Static Source

34
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Directed and Elliptic Flow

Directed
Flow
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Elliptic Flow vs. Centrality

See talk by M. Belt Tonjes
PHOBOS Preliminary 200 GeV N

By,

O @ peripheral 25-50%
O @ midcentral 15-25%
O e central 3-15%

Open symbols reflected

V;:entral (77) oc Vzperipheral (77)

Overall shape simple, but still unexplained
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Elliptic Flow vs. Centrality

See talk by M. Belt Tonjes
PHOBOS Preliminary 200 GeV

O @ peripheral 25-50%
@ midcentral 15 :-‘~
chentml 3-15%

Open symbols reflected

V;:entral (77) oc V peripheral (77)

Overall shape simple, but still unexplained
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Directed Flow vs. Energy
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Dramatic change of directed flow near =0
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Directed Flow vs. Energy

~ PHOBOS Preliminary
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“Limiting Fragmentation” of v,
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Similar directed tlow relative to beam rapidity
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“Limiting Fragmentation” of v,

PRL91 (2003), Poster by B. Back

0.12F
0.1 "
0.08f
0.06f
0.04f
0.02F
of
-0.02f
-0.04}
-0.06f

= ] ] ] ] ] ]
-6 -4
PHOBOS Au+Au Preliminary

Similar directed tlow relative to beam rapidity

Peter Steinberg PHOBOS




Connection with Net Baryons?

BRAHMS, nucl-ex/0312023

A AGS
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Peak of baryon density at AGS/SPS at n’~-1.5
(Busza & Goldhaber ‘84)

Peter Steinberg PHOBOS



Directed & Elliptic Flow

PHOBOS Preliminary
QM2002 200 GeV v, 3-50% 200 GeV v, 6-55%

y,
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Directed & Elliptic Flow

PHOBOS Preliminary
QM2002 200 GeV v, 3-50% 200 GeV v, 6-55%
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Identified Particles in d+Au
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Ratios with dE /dx PID

A “classic” PHOBOS measurement:
Two charge signs,
two bending directions...

dE/dx (MIPs)
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Identlﬁed Partlcle Ratlos
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PHOBOS TOF PID

Poster by C. Henderson

See talk by G.Veres
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Particle Ratios at High-p.
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d+Au 200 GeV
.................................. PHOBOS Preliminary -

Main difference between p and p is overall yield.
Spectral shape only slightly modified vs. p+
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Particle Ratios at High-p.
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.................................. PHOBOS Preliminary -

Main difference between p and p is overall yield.
Spectral shape only slightly modified vs. p+
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TOF PID Spectra d+Au

Pending weak-decay correction
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m.. Scaling in d+Au and Au+Au
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m.. Scaling in d+Au and Au+Au
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m.. Scaling in d+Au and Au+Au
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d+Au Inclusive Spectra vs. 1
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Inclusive Charged Hadrons in d+Au

Au+Au and d+Au
scale differently
relative to N,

Rd+AU — N
coll

dN P /dp;

Peter Steinberg

1 dN“*/dp,

Muclear Modification Faclor

LA

—

LA

PHENIX

m charged hadrons

W nevlral plons

& d+au (VB

+ AouAu (0-108

PRL91, 072302 (2003)

PHOBOS

Wy H * Al + AU Central
= o + Au Central
= p+p Minimum Bias

180 270
Adv{deg reas)
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Inclusive Charged Hadrons in d+Au

PRL91, 072302 (2003)

Au+Au and d+Au (8 PHENIX PHOBOS
scale differently (| sf 70-100% ot B 40-70%
relative to N,

1 dN“*/dp,
N, AN /dp;

coll

Rd+Au —

BRAHMS

* AU+ Au Central
= o + &y Central
b = p+p Minimum Bias

(1N g qe ) AN/ 25)

-5-4-3-2-1012 345 M PHOBOS has a
“forward” acceptance

(& more in the future!)
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Spectra in d+Au for >0

See poster by J. Kane

PHOBOS Preliminary Brahms h°
d+Au 200GeV Preliminary

Systematic decrease In Ry, ,, With Increasing n
Saturation of ratio also occurs at a lower p+
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n-Dependence of R, , .

® PHOBOS —
' PHEMIX PHOBOS Fl'E'llmll"laly'

[] BRAHMS
h + +

Brahms h’

preliminary

s, [h

p; =2 GeVic p;=2.6 GeVic

$+++

pr = 3.2 GeVic

Monotonic evolution from mid-rapidity to forward rapidities.
BRAHMS data is a continuation of trends starting at n=0
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The Landscape of Particle Production

effects local in n for |n|<3

rement o dlrected flow vs. n & \s
: '- J :' :&f"" e

e Ildentified Particle Spectra in d+Au
e PID Spectra in d+Au, Au+Au for Run-4
e Proton and antiproton spectra similar

e Inclusive d+Au Charged Spectra vs. n

e Strong n dependence interpolates
between n=0 and forward n
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Backup Slides
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Relative Yields vs. py.
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m.. Scaling and Strangeness
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Factor of 2 brings K’s into line (y, ~ 0.5 In pp)
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PHOBOS Coverage
dN/dn

Octagon Spectrometer

5 4 32 10 1 2 3 4 5 1

Nowhere to hide!
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Principal Axes

Heavy-ion collisions dominated
p 1 by N fluctuations

part

Decouple total from
relative fluctuations

C_ P-N
VP +N

Independently partitioned
> between P & N

(flipping a coin, random walk...)
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Forward-Backward Correlations

5 4 3 -2 -1 0 1 2 3 4 5 g
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Simple Exercise
Let’s play a game:

Shift PYTHIA dN/dy
by Ay = 1

Scale up by N_ /2
Recalculate dN/dn

Similar shapes
(violates energy

conservation ®)
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Participant Scaling

Wounded Nucleon
++++ o o = ++2°° GeV “Scaling”
+++++ 0 %9 430 Gev —

Transition to d+Au

PHOBOS QM *02
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