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PHOBOS experiment (Runb)
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1) Single-particle distributions
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Unusual event search

Forward/backward multiplicity correlations
Two-particle angular correlations

5) Eccentricity fluctuations

6) Elliptic flow fluctuations

Constantin Loizides (MIT), Correlations workshop, Florence, 07/08/2006



Charged hadron dN/dn-distributions (1)

19.6 GeV 62.4 GeV 130 GeV 200 GeV
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Au+Au : PRL 91, 052303 (2003)

62 GeV: nucl-ex/0509034 (PRC in press)

Cu+Cu: nucl-ex/0510042 (prel., QMO05)
d+Au : PRL 93, 082301 (2004)
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Charged hadron dN/dn-distributions (2)

* Rich data set of p+p, p+A and A+A

* Scaling features of charged hadron multiplicities
- Npart scaling
- Extended longitudinal scaling (aka Limiting Fragmentation)
- Factorization of energy/centrality dependence
- Universality of total multiplicity in A+A, p+p and e*+e
* Seen over a wide range of collision energy
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Charged hadron dN/dn-distributions (2)

* Rich data set of p+p, p+A and A+A

* Scaling features of charged hadron multiplicities

- Npart scaling

- Limiting Fragmentation

- Factorization of energy/centrality dependence

- Universality of total multiplicity in A+A, p+p and e*+e
* Seen over a wide range of collision energy

In all of the above, dN/dn is
single-particle event average
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2) Unusual event search

* Beyond the average dN/dn
- Are there events with very large multiplicity?

- Does the dN/dn shape vary from event to
event?
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Unusual events: Large total multiplicity

10“%— —é
bk If Au+Au 200 GeV
= Phobos QMOS5 =
N2 [ — 200M min.bias Preliminary -
= 10° E =
c E E
o . F| — 2M 3% central .
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Total # of hits

* Use high-statistics Run-4 AuAu
data and select 3% central data
(with lose data-quality cuts)

* Look at events with a large
number of hits: ~10* (570/2M)
events
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Unusual events: Large total multiplicity

10“%— —é
bk If Au+Au 200 GeV
= Phobos QMOS5 =
Py | — 200M min.bias Preliminary .
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* Use high-statistics Run-4 AuAu
data and select 3% central data
(with lose data-quality cuts)

* Look at events with a large
number of hits: ~10* (570/2M)
events

—

Fraction of unusual events
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Au+Au 200 GeV 3% central
Phobos preliminary QM05

Events with large number of hits

570 evts

| | | | | | 1 | 1 | 1 | | | | 1 | 1
0 500 1000 1500
Product of beam currents

Events with large number of hits
are strongly correlated with beam
rate

Rate of “unusual’ events
extrapolated to low luminosity is
consistent with zero
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Unusual events: dN/dn-shape

107 & — Data . T -  Au+Au 200 GeV 3% central -
g ) § — Random § % 3 :_ Phobos preliminary QMO05 _:
g10 §_ _§ T _ Events with unusual shape y2>3 i
..210-3 . Au+Au 200 GeV 0-3% Central B, 200 evts *
> PHOBOS Preliminary QM05 1 2 - 'S
£10* 5 5 - -
g § >Cut § qa 1. B
910° 200 evts = S - i
LL C ] i - .

1053 [mrlé e —

| ] R | o T T
0 2 xz 4 6 0 500 1000 1500 2000
Product of beam currents
* Devide dN/dn into individual bins ¢ Events with large x* are again
(n, vertex) to get the average and strongly correlated with beam rate

its variance . i}
e Rate of “unusual” events

e Calculate x* for each event extrapolated to low luminosity is

« . again consistent with zero
e Compare to “random” events: adan

distinct tail ~10(200/2M) events
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3) Forward/backward multiplicity fluctuations

* Beyond the average dN/dn

- Quantify E-by-E correlations in particle-
production over regions in n

Constantin Loizides (MIT), Correlations workshop, Florence, 07/08/2006



Forward/backward multiplicity fluctuations

35gSingIe
30§Event

25;
20F
15:

particles

) 2
Use variance O

* Independent particle production

2 -
0" = 1
* Correlated particle production

- Long range 02C — 0
— Short range GZC>1

* Clusters of size k within An

C—oVkC

2 2
Oo.—Ko,

* If limited rapidity window (An)
K = Ko
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Extraction of o .

* Deal with large occupancy in the octagon

- Use n-bin-dependent lower and upper
dE/dx cuts on hits to suppress

contribution from secondaries
Hit distribution in n-¢ space with |Z . |<10cm

* Deal with limited acceptance :

102

— Correct gap effects E-by-E
with z-vertex dependent offset )

10

- Avoiding holes in octagon "

* Only half acceptance in @
e Correction ~2, found with MC

X :
11 N 3 B
. [ LiTD N b
L Il |_'"!_,| ¥
A
_I\IHI| Ll .
—

A

 Deal with contribution of detector effect
(see next slides)
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Contributing sources of detector effects

* Acceptance effects 5 04r ¢ Tou |
" Acceptance Effects —t— Landau Fluctuations
° SeCOndarleS 22;_ —#A— Secondaries B Distributions
. 2F
* dE/dx fluctuations "
- Landau fluctuation 165
- Velocity (B) variation 1.4

1

Different contributions add in quadrature
and resulting detector effects are flat in n
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Removing detector effects

. 2 _ 2 2 Nno 2
= + -
e Assumingo®, = =0°*0°, . B 7
- O0— 0.2
* Modified HIJING with randomized 1.5 —o— Craw,_o . o .
sign of particle n to force o° = I e e
1= O
_ Direct access to 0?2 ]
C, det i
C lightly depend I o
* Correction slightly depends on I C. det
size of signal - T A|...A.|
% 1 2 3
— Cure residual correlation M
2 2 2
O C,det_) O C, det a (G C 1)

* a=constant(n, An, cent)

e Systematic errors estimated to
Ao® =0.1 (averaged over n)
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Verification with various MC

1.61
NOU 6: A Std. HUING 4 Extracted HIJING
1.5 Std. AMPT Extracted AMPT
- ® Mod. HUING ©  Extracted Mod. HIJING
1.4:— +
1.3F e 1 ——
1.2F ;_%
1.1F
M { Y
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For the same tuning, the reconstructed 020 agrees
with raw o* . within the errors in all tested models
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F/B results: 0°_vs. n for fixed An

o | e 'Ai+Au, 200 GeV [ PHOBOS, ™ T
An=0. nucl-e , —_
© O HUING n=0.5 4PRC RC in press ——
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* (Centrality dependence in slope observed

- Models systematically lower (partially within errors)

* HIJING & AMPT agree in peripheral, but diverge in central events

e Atn=0, models and data yield 6°_=1

Induced “intrinsic” long-range correlations? %
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F/B results: 0 _vs. An at fixed n=2

" e R L L _
O SF @ baa Au+Au, 200 GeV I PHOBOS,
o) O HUING =2 T nucl-ex/0603026, 0 |
25-_ [ AMPT n T PRC RC in press ]
T 1 ) ]
2 3 &1 T o 0]
[ ® o T - i
1.5__ — @ O g1 E 8 a
- — 8 0 = T 9 B 1 _
2 O T & 1Poissonian
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* Monotonic rise with increasing An-bin width
* Particles produced in effective cluster size
— Central: Kk =2-2.3

- Peripheral: k =2.6-2.8

. |\/|odels_ do not simultaneously describe WW MFHMMMM MHM%
centrality and An dependence - LA A - AR R I B
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Clusters in elementary collisions

UAS: Phys.Lett.B123:361,1983 keff — < k > + O-i/ < k>

(@ ’ b ' cr ' 3 — . T
07" Two-particle
R 801" pseudo-rapidity .
<h>=3 ~ _correlation ;
£
+ + = 40
<k>=2 <k>=3 I~
<k>=2 ._E.:
oy
] B O 0
vV
An=3 An=2 An=1
-40+ .
0 . 1 | | 1 1
0 10 20 30 10 20 0 5 10 -4 -2 0 2 4
N +NB n|‘n2 =Ar]

Clusters in Au+Au are reminiscent
of results from p+p
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Centrality dependence of 0

w
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°®
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0%-20% Au+Au

T 1
——
_|

©

+

©
—

Resonance gas
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pp data, UAS5, PLB 123:361 (1983)
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Centrality dependence of 0”

* Model short and long range 3 ]
contribution i b4 i
2 2 2 - 40%-60% Au+Au ]
Oc— fo SR +< 1—f ) O/r eor 0%-20% Au+Au -
« H i
where short range B [T p+p ? i
Il 2 —
2 O - | —
Osr=K[1—exp(—=An/Ag,,)] ° I 0%-3% Mqdel
.~ Resonance gas 2 |
and long range 15F — — T T T — — = = = ]
o] e, |
- - B atla, , . N
O'iR: 1 —éf d N4 d N, exp 1 > L B Kn%del: M.Abdel-Aziz and M.Bleicher, 7
f 2 Ajong L _nyclth/0605072 | N N
0 100 200 300 400
number of participants
* Constrain parameters
i Cent.
, .| 200 GeV, 0-20% Extra-
O% s ‘/] ; : } | polation
Model fit
U cdett data f | £ |Ashort | Along
el Au+Au 0% — 20% [0.88|1.8| 04 | O.7
a nucl-th/0605072 Au+Au 40% — 60%|0.99(|2.5| 0.6 | 0.9

L I L L
(o] 0.5 1 2 2.5 3
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4) Two-particle angular correlations

* Extend correlations from regions in dN/dn

- Two-particle angular correlations
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Two-particle angular correlations

F See Wei Li's talk

R=(n-O{p-1)

R [£200 GeVPYTHIAMC :

L 3 Cluster model .

3l Projection onto n > k.=1.73, 5=0.61 E

R Zo (altern. onto @) '

ES ¢.\02 .t,; ;

ey ‘:‘:’ﬁ':;;;%» S
QAL

* Construction of R, event-by-event, weighted by event multiplicity

- Full @ and large |n|<3 coverage (|n|<5 for future studies)
- Single hit in silicon layer instead of particle information

* Need special strategy for secondaries
- No trigger particle

* Study soft physics (fragmentation and hadronization processes)
- Relative to trigger particle under investigation
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5) Eccentricity fluctuations

* From two-particle angular correlations (clusters at
hadronization times)

- To fluctuations in the initial-state geometry and
its connection to elliptic flow
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Elliptic flow in Cu+Cu and Au+Au

: L PHOBOS MC Glauber
0.1 V2 near mid-rapidity 1 B
0 0'95 PHOBOS 200 GeV Geometrical
"V~ Statistical errors only E initial state
0.08 2 eccentricity
- #0.5- -
0'075_ * ., ., AutAu v AutA
0.06 ¢ »
>N0.05;— H{' ; . Cu+Cu
0.04: d . i) 100 200 300 400
0.03 J s N
— part
0.02= Cu+Cu .
0 01§ preliminary, QMO05 ™
.ogl....I....I....I....I|...I....I....I....
0 50 100 150 200 250 300 350 400

N

part

X (defines W,)

Au+Au: PRL 94, 122303 (2005)

Cu+Cu: prel. QMO5, nucl-ex/0510042 dN/d(p—Y¥r)=N[1+2v,cos(p—¥x)+2V,cos(2¢p—2¥3)+...]
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Standard eccentricity scaling

Standard Eccentricity

| |
08,71, moass
" 200GeV B | i '
o~ 0 200 GeV eV E&TT
:50-5_ ® 130 GeV % N
c = 200 GeV - "
LU‘E O 200 GeV + Cu+Cu
~ 0.4 = 624Gev + 7
N T++#
SR 1+
0.2 ++ o ¥ mi" o » Au+Au|
| | |
% 10 20 30
1/(S) (dN_ /dy) [fm?]

STAR, PRC 66 034904 (2002)
Voloshin, Poskanzer, PLB 474 27 (2000)
Heiselberg, Levy, PRC 59 2716, (1999)
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Standard eccentricity calculation

Standard Eccentricity

Nucleus 1 y Nucleus 2

Impact
parameter b

X
Participant
Region
2 2
] _0,—0,
std- 2 2
o,+0,
[ [ [
’ MC ; -I'-I'I.._ll-l ~ Au+Au
- . i
o o,ﬁlﬂqﬁhﬂ-‘q—.g_.a
k: .
s ' |
LUm 0.5 b I&:,o 400
Au+Au
] ]
% 10 200 300 400

N

part
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Participant eccentricity calculation

Standard Eccentricity Participant Eccentricity

Nucleus 1

y Nucleus 2 Nucleus 1 ¥
Impact
parameter b X b oo N Nucleus 2
X
Participant Participant
Region Region
2 2
. - g,—0,
std 2 2
o,t0,
I I I
MC e, ~ Au+Au
o o,ﬁlﬂqﬁhﬂ-‘q—.g_.a
@ =
b - L U.-'I
LUm 0.5 L] I&:,o 400
Au+Au

% 10

I I
200 300 400

N

part
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Participant eccentricity scaling

Standard Eccentricity Participant Eccentricity
| | | | |
130 GeV. Star PHOBOS preliminary
0.3;:::“?,?31 7 eV Nads N & 200 GeV, tracks 130 GeV, Star
" 200GeV ® | o 0.3~ © 200GeV, his 17 GeV. Nad9 _
5 O 200 GeV ¢ ceviEaTY ] s 130 GeV, hits 4 Gev 2877
'EHJ.B_ " 130 GeV T ﬁt & 200 GeV, tracks | .
= = 200 GeV +Jf l " S o 200 GeV, hits
LUE 0 200 GeV Cu+Cu Ji{, 0.2 » 624 GeV hits + j +¢+ | _
~ 0.4 = 624 Gev 4 H) + g+ ' .
=, +¢+ > b4 447 " AutAu
2 Wﬁl : 5 iy “&# -
0.2~ ++ R L LS : Jl,T. u+Cu
| | | | | |
% 10 20 30 % 10 20 30
1K(S) (dN_ /dy) [fm™] 1KS) (dN_ /dy) [fm™]

STAR, PRC 66 034904 (2002)
Voloshin, Poskanzer, PLB 474 27 (2000)
Heiselberg, Levy, PRC 59 2716, (1999)
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6) Event-by-event elliptic fluctuations

* From eccentricy fluctuations

- To E-by-E fluctuations of the elliptic flow
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Event-by-event elliptic flow fluctuations

Observed v2 distribution True v2 distribution Participant eccentricity
| fv,) /N 00

100

0.5

«

See Burak Alvers v |
talk tomorrow
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Summary and Perspectives

e Unusual event search

- To the level of =10 (potentially lower) all events are “the same”
- Refine this upper limit
* Forward-Backward multiplicity correlations

- Connection of multiplicity fluctuations and hadron clusters

- Interesting centrality dependence
* Two-particle angular correlation (see Wei Li's talk, 07/07/2006)

- Comprehensive study of angular correlations in pp, dA and AA systems
* Eccentricity fluctuations

— Participant vs standard eccentricity

- Elliptic flow in small system connected to initial geometry fluctuations
* Elliptic flow fluctuations (see Burak Alver's talk, 07/09/20006)
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Backup
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Global properties of dN/dn-distributions

PHOBOS PRL91,052303 (2003)

' PHOBOS nucl-ex/0301017 © "
PRC in press

- Au+Au
- central

i g T
[ 200 GeV '

& S ey, @
N __:_;.! £H ..'J'_{H []

. :jperipheral%'{.

i

—

L
-
-,
N

A
T
o
Q
=z
o
-
P 3
S
=
O
—
2
o

.iﬂi
& %

¢19.6 GeV ‘L% - el 19.6 GeV'

1 1 1 1 1 1 1 1 1 1 | 1 1 1 1
100 200 300 400

Pseudorapidity <Npart>

* Centrality dependence ¢ Npart scaling of integrated
of dN/dn shape (411) multiplicity
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Beyond average dN/dn-distributions

* Quantify event-by-event variation of large scale structure

- Are there events with very large multiplicity?

— Does the dN/dn shape vary from event to event?

800

600

dN/dn [

400

200

| ' ' ; ; | ' '
- Au+Au 200 GeV 0-3% Central

. PHOBOS
—  QMO05

<Corrected -

* Multiplicity fluctuations
- Integral of raw dN/dn
* Shape fluctuations

- ¥° of single event vs
raw (average) dN/dn
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Multiplicity vs. participant fluctuations

HIJING + GEANT

N, cuts t e N, cuts
"I | ™ Paddle cute
ZDC cuts

B cuts

¥ Paddle,.,, cuts

60 80 100 e 50 i
% cross-section — “c cross-section

—

Large variation in N__ . even for

very fine (3%) x-section bins: 6%
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Multiplicity vs. participant fluctuations

PHENIX - T. Nakamura, QM 2005

tl e N_ cuts
- | ® Paddle culs
ZDC cuts

var(N)/<M=>

: all hadrons
PHENIX Preliminary Inclusive Charged
|| 200 GreV Aut+An |

] 62.4 GeV Au+Au b o000,
Y 200 CreV Cu+Cu : oS- 'I.q
b 4 62 GeV Cu+Cu

60 80 100
%, cross-section

| 11 | I 1 | 11 | 11 | | | | 11 |
100 200 300 400

Nourscpans iation in N even for
Deviation from Poisson (3%) x-section bins: 6%

—

Todo: Conclusion
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Extracting number of particles per bin

Octagon silicon sensors

|
~ Number of hits, N =
- Sum of angle-corrected dE for 1
charged particles, E = 2dE

Poissonian ansatz "’

_ Nhlt= Nmax(1-exp(-E/EmaX) 0 50 100 150 Eﬂ 250 300 Ene?;uy
Average <dE>in n-bin given by EmaX/NmaX dE/dx distribution of MC hits

-":,-l_ - . .
Estimated multiplilicty in n-bin Primaries
N=E/(Emax/Nmax) 5| 2ﬁcondarles

Use n-bin-dependent lower and upper
dE/dx cuts on hits to suppress
contribution from secondaries

10° £

10 _-30<n<|-25 |

=JNEEEEENI TN AR NN L1 1 v e byt
o 05 1 15 2 25 3 135 4 45 §

dE/dx
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Acceptance correction

|<10cm

vix

* Calculate average C per

n, vertex and centrality bin
10 A C:<N1_N2>
VN, +N,

Hit distribution in n-¢ space with |Z

* Substract it event-by-event

from C (according to simulations
this leaves fluctuations uneffected)

without offset correction . with offset correction
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F/B: Acceptance correction

+

i + +
B - - 4 4 4+ + - 1
-2 ~ o - 1.2 ri-l-'l-i ¥, Hihy _|__P_'_I++=I=-I- 4__-'_4-:.: NI +_,_++j::b-'h+
4l 1=
g | Lol | | | | I ﬂ_ﬂ_l Lol | | | ] I
0 B 8 4 Z 0 2 4 & 8 10 [ 6 4 Z 0 2 4 & T
Z, Z,
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F/B: dE/dx distributions of MC hits

Black: Primaries + Secondaries, Red: Secondaries, Blue: Primaries

'":" = II'

-0.9<n<0.
i 0.5<n<0.0

10°

10

1D:|'|||||||| L1 111 i) 111l 111111

parlvarabvvralar s 11 L1 L1 11 ' 11 1
0 05 1 15 2 25 3 35 4 45 5 1] 2 4 6 3] 10 12 14

dE/dx (MipGeV) dEfdx {MipGeV)
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F/B: 1° order detector effects

0.23
~3% [ Mod. HIJING (randomized n sign)
02z
~ Std. AMPT
ﬂ_21:_ 0'200/0 Central
ﬂ-EE—
019 Std. HIJING
0.18 E—
017 1.5<|n|<2.0 & half ¢ acc.
ﬂ_l'lE [ 1 {|. 1 1 1 |{LI|]‘.5 1 1 1 1 ﬂ_l.-l 1 1 1 'ﬂ_.|15 1 1 |.n1| n_lz
dyn
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Charge fluctuation

Studies Ijt ) Jeon, et al
nucl-th/0505085 -

FIG. 1: A schematic illustration of the charge transfer fluc-
tuations in the rapidity space. Only the pairs within A/2 of y
can contribute to the charge transfer Huctuation D.(y). Here
A is the rapidity correlation length, or the rapidity distance
of the decay particles from a single cluster. If A is a function
of y, then D, (y) also changes with y.

* Model predicts at central
region, QGP will decrease the
cluster size.

* F&B method is restricted by
the overlapping of F and B
region near mid-rapidity.

* PHOBOS angular correlation
analysis can be a useful tool
to test the model.
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Clusters in pp and AA

/LHC?
3- I I i I LI II I ] ] I LI II i
28F :
26F
k N Phobos AutAy
24
o 4]
226 ﬁ
ring A ISR - i . ..
[ B 3PS-UAS . ; Cluster in AA is very similar to pp:
1.8 O Pythia . : ~ > Effects of Hadronization?
l 0 Hijing N »Have to understand centrality
1.6 - dependence in AA
E— "z E— "'3 »Energy dependence: mini-jets?
10 10
\Is (Gev)

Nucl. Phys. B 86, 201 (1975)
Nucl. Phys. B 155, 269 (1979)
Z. Phys. - Particle and Fields C 37,191 (1988)

Constantin Loizides (MIT), Correlations workshop, Florence, 07/08/2006



Two-particle angular correlations in A+A
See Wei Li's talk

CuCu 200GeV, Hi R 1:5_ Flow effects <v,2>
(with triangular-sh:; Projecting onto ¢
from 0<|A@|<180 I3 . N
> 0.5;— -o-.- -’-o- _._-.- -.-_._
i LA o= . ", g e
JTR N S - - -
Y S
i D 00"20}‘3}3” e
150 ‘%‘;ﬁg‘ﬁ'z‘sﬁi\ %0 50 o0 50 100 150 200 9sn
KOOUA AN
200 4,{.2'&‘!'%* . 4 Ag
100 4 :
Ap ¥ 0 ’ Projectingonton, R A Clusters in AA
2 An from 0<|An|<6 i3 .
100 4 £ R
ué— -o-.- -.-o-
A L oy
£ -
e S T T
An

Comprehensive study of two-particle correlations in pp, dA
and AA will help distangle different effects in HI systems
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Direct (v,) and elliptic (v,) flow

Reaction

X (defines W)

dN/d(@—-W;) =N, (1 + 2v,cos (p-¥y) +
2v,cos 2(@-¥p)) + ...)

Initial spatial anisotropy

Final momentum anisotropy
¢ Py
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Elliptic flow in Cu+Cu and Au+Au

0.06_ PHOBOS 200 GeV 0-40% centrality
0 055_ Statistical errors only
v, near mid-rapidity 5 p b #‘1' $
0.1c 0.04 L L Au+A
0.09c. PHOBOS 200 GeV o~ . p, ¢ AUTAU
. ;_ Statistical errors only 0-03:_ * %3 Cu+Cu ?, ®
- - L
0.08F 002 ¢ s preliminary, QM5 ’

- - * bt
0.075— *, ., AutAu 0.01= & 5
et 20 P . T R R

0.055 {. . - - -
> - F + X * i
0.04+ o »
0.03- J »
0.02= Cu+Cu .
0 015_ preliminary, QMO05 ™
ogl....I....I....I....I....I....I....I....
0 50 100 150 200 250 300 350 400

N

part

X (defines W,)

Au+Au: PRL 94, 122303 (2005)

Cu+Cu: prel. QMO5, nucl-ex/0510042 dN/d(p—Y¥r)=N[1+2v,cos(p—¥x)+2V,cos(2¢p—2¥3)+...]
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Scaled elliptic flow vs N

part
Standard Eccentricity Participant Eccentricity
[ [ [ I [ [
1 PHOBQS 200 GeV _ 0.4 PHOBOS 200 GeV a
Sys. + stat. errors . Sys.+ stat. errors
5 0.8 —
g ~ | Cu+Cu _
‘E Cu+Cu 5 0.3 preliminary (QMO05) Au+Au
£0.6- preliminary (QMO05) - w® +
:-..LE’ % 4 ::"N 0.2 &iﬁ +¢.¢ +¢ + + ¢ Poe
> 041 'H' AutAu | N = ﬁﬁ
0.2 |1 , wom mo® ® o — 0.1~ |
| | | | | |
% 100 200 300 400 % 100 200 300 400
Nm".t Npart
PHOBOS Gla‘ube_r MC o o PHOBOS Glauber MC
i Thuthe - “Participant Eccentricity” T ~Authu 1
u+Cu P —Cu+Cu
b= .
allows v,-scaling from i B
w057 ) V0.5 .
' Cu+Cu to Au+Au &
% 100 200 300 400 % 00 200 300 400
Npart Npart

Constantin Loizides (MIT), Correlations workshop, Florence, 07/08/2006



Low-density limit scaling (some details)

I
PHOBOS preliminary

» Caution: we used ¢, for

& 200 GeV, tracks | * 130 GeV, Star |
PHOBOS data. Important 0.3 © 2000eVihils pui7GevNaso | _
for Cu-Cu, less critical for OGSV 1w scevenry |

Au-Au.

L ST N ]

> Scale v,(n) to ~v,(y)
(10% lower)

> Scale dN/dn to be ~dN/dy
(15% higher)

% 10 20 30
1/(S) (dN_ /dy) [fm?]

Points for STAR, NA49 and E877 data taken from STAR
Collaboration, Phys.Rev. C66 (2002) 034904 with no
adjustments
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part

Yields vs N _. at 200 GeV

15  p. =0.25 (GeVlc) | p. =055 Tp =125 ]
sy = 200 Ge 1 ! I ! ] 0.2<n<1.4
N Cu+Cu |
K e I I .
o _ 1. ~ ! * ;!"Eﬁ ]
[ T *ea 1 g
0.5 1 ilmg. I & pHOBOS cutcu ]
B se [ *ap | @ PHOBOS Au+Au ]
Tt o CTENIX Ay
1.5 p =25 ~ fp,=338  1p =38
: 1 I - ] System-size
B "t o+ or e o, e, 1 scalin
© &, ] & ::+ t gé?ﬁ ] b 2 |
0.5 To 1 o 1 %% |  Observed!

1.5__HF;I1|'=4I.-2ISIIHH| +—t I____HF;I‘I|'=5I-2ISIHH.| +—t I_:Illll '} :F:er::é_zé t .__

0.5F

Au+Au: PRL 94, 082304 (2005), PLB 578, 297 (2004) inel 12
Phenix: PLB 561, 82 (2003), PRC 69, 034910 (2004) Opp  d°Naa/dprdn

Raa =
Cu+Cu: PRL 96, 212301 (2006) 2 .
p+p:  UA1 -2.5<n<2.5 (acc. correction with PYTHIA) (Neou) d?opjp/dprdn
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R/'jia” in Au+Au and Cu+Cu at 200 GeV

0.2<n<1.4

Toe%

-

1 * PHOBOS Cu+Cu ]
_, 1 ® PHOBOS Au+Au |
-+ 0-6%

2 4 6 2 4 6 2 4 6 2 4 6
P; (GeVic) P; (GeVic) P; (GeV/c) P; (GeV/c)

Yields normalized by N__. less centrality-dependent

part
el 9
RNeare _ Ty d"Naa/dprdy
Au+Au: PRL 94, 082304 (2005) AA —
Cu+Cu: PRL 96, 212301 (2006) (N pa'rt/ 2) d Upﬁ/ dprdn
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Npart

Factorization in bins of P

Normalized for central events

4-45-50%

= 200 GeV
° 62.4 GeV

|||||||||||||

"""" a 200 GeV
o 62.4 GeV

Wﬁ%%ﬁﬁ

IPHOBOS Cu+Cu |

Same shape evolution from central
to peripheral at 200 GeV and 62 GeV

Au+Au: PRL 94, 082304 (2005)
Cu+Cu: PRL 96, 212301 (2006)

R

Npa'r-t — <

0—6%
Npart

) d?Naa/dprdn

PC
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Yield, ;o6 4

-
=

Factorization in bins of p_(2)

Ratio of charged hadron yields in 200 GeV to 62 GeV

o N B2 o0 @

Energy/centrality factorization
up to p, =4 GeVic for N, > 40

Au+Au: PRL 94, 082304 (2005)
Cu+Cu: PRL 96, 212301 (2006)

T~ - 1 " "1 [T~ " T """ T [T """ T """ T [T """ " T """ " T LI "™ "~ T ™ " "1
<p;>=0.25GeVic | <p;>=125GeV/c | <p;>=25GeVic | <p,>=3.38GeVic <p;> =3.88 GeV/c
. . ]
1w 1 4 -
] - AU+AU ; _ ;
E K TR UF 23
1 Wi s - - -
i !‘. I B TR 0 ¥ & B T CU"'CU ]
| | | : | | LT 1 | | : I?re"mmaryl | PlHDBGS ?mliminall'yj
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<N__ >
part

/
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Factorization of energy and centrality

Ratio of dN/dn @ n=0 relative
to 200 GeV vs centrality

o L FL L L B B L B BN R 30—

al PHOBOS . - PHOBOS .

B ] " nucl-ex/0510042 HIJING ]

i o, A @ @® ] 2.5- e -

—~ I iy i [ i

8 3 ikl _ — 4 200/19.61

= LA - - ) -

3 1k 060 o 20 %'Hi FRE s

< ) 4 11‘-_-1| ; i ] i o Saturation i

=3 — 14 - '.*' .

S NCICRCIOIS ®® 1.5] ?'. oo o 200024

T [} j [ :

- 4 200 GeV - i pgES g E B E B B g

. i Cu+Cu Au+Au | 'jcoy - 1.0—¥ 200/130-

arge _ i preliminary (QMO05) e 62.4 GeV i CU"‘CU AU+AU ]

systematic | op + 19.6 GeV [ pp  preliminary (QMO05) i

errors for 0 i | 1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 0.5_ | 1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ]
Cu+Cu 0 1 00 200 300 400 0 1 00 200 300 400

Npart Npart

Factorization of energy and
centrality due to initial state effect?

Au+Au: Phys. Rev. C70, 021902(R) (2004)
62.4 GeV Au+Au: nucl-ex/0509034 (sub.to PRC)
Cu+Cu (preliminary): QMO05, nucl-ex/0510042
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Limiting fragmentation (Au+Au)

19.6 GeV 62.4 GeV 130 GeV 200 GeV

PHOBOS - o, PHOBOS
Enn B : MO 7]
'g [ E [ i Au+Au
= a00f 5 400 , 0-6%
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) .l-n‘ 200 G V K
T 200f AP T 200 L7130 cov
[ T [ 62.4 GeV
[ 19.6 GeV M ]
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- n'ﬁd 0-400/0 1
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}N : >N
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F - 0-40% ]
0.1 0.1f ° g
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=In| -

beam

“Extended Longitudinal Scaling” of all longitudinal distributions

(same for Cu+Cu collisions)
QMO05, nucl-ex/0510042
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Factorization of longitudinal dynamics

Ratio of 0-6% and 35-40% centrality

Q} Au+Au 1 bins, each normalized by N __,

E. 0'60/0 o
g 3 = 4 200 GeV PHOBOS i-
= A 5o {‘
ghz 200 Gy zn:n. 10 H 130 GeV f i‘
z“ 130 GeV
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19.6 GeV

f
¥ 19.6 GeV #ﬁ*{' AutAy
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ﬁaa £ " 35-40% | B 35-40%
= # 0-6%
= 2 by, ",‘ - W
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R is energy independent!
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Limiting fragmentation (Cu+Cu)

62.4 GeV 200 GeV
200 FPHOBOS  preliminary 200 prelminary. 200F , ., PHOBOS
= EZOOGeV Cu+Cu
% 150 150 3 0-6%
>° 100 100 ;.62.469,\/
T 5 50 F
[ preliminary
brenminary
Cu+Cu
! -40%
0.04} ++ 0.04 ‘H’# 0-40%
~ 4 "y
> [ +++ H ; ] [ %4 .
0.02} ++ ' + 0.02} .o 0.02[ P
ik TN 4 g | Pt
| ] I ] :preliminary 1
4202 4 420 2 4 a0 3
Ll Ll =
n=mnl-vy,...

‘Extended Longitudinal Scaling’ also seen in Cu+Cu
Persists from p+p to Au+Au over large range in n’

QMO05, nucl-ex/0510042
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Properties of the medium (2)

T 2I06 |GeIVI T | T T T

e
PHOBOS 19.6 GeV__ 62.4 GeV__ 130 GeV__ 200 GeV

0-6%, . PHWS *
"t X'
1 004 3 ‘**“{, Po4% i ..J‘_La.. ]
- > “ *j ‘. ... .. .
§ B 0.02f + +++ +‘-+..' '..f'." e .
E: _ H{ + 0-40%
O ] 42002 AT avos ] 4 202 s "I Tomos.
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— 0.04} 4 ; oo} +++'|.
> i > MK
0.02 + +++ $ + 0.02f * .
dN/d@= N, t ", o '
(1+2v,cos @+ 42 1':1' 24 4 -2 g 2 4

2v,cos 2Q) +...)

At 200 GeV:
e >3 GeV/fm?3 PHOBOS WhitePaper
_ <E> x dN/dn x corr

~ TR2 X (0.1 — few) fm)

Strongly interacting medium
with extremely high energy density

WhitePaper: NPA, 757 28 (2005)
v, Au+Au: PRL 94, 122303 (2005)

v, Cu+Cu (prel.): QMO05, nucl-ex/0510042
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