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PHOBOS experiment

All-inclusive count, incl. tests
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Control parameters: collision energy

* Collision energy

- mid-rapidity particle density

— ratio of hard vs. soft processes
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Control parameters: Collision centrality

* Collision energy

- mid-rapidity energy density @‘m
- ratio of hard vs. soft processes &
N ~ A N ~ A4/3
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Control parameters: Transverse geometry
* Collision energy

Nucleus 1 y Nucleus 2
- mid-rapidity energy density

- ratio of hard vs. soft processes
* Collision centrality

Participant
- #Participants (N ) Region
— #NN-collisions (Nco”) PHOBOS Glauber MC
0.4/
* Transverse geometry 5 !
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Control parameters: Species comparison

e Compare Au+Au vs Cu+Cu

- Probe interplay of initial geometry
and final-state particle density

- Study consequences of early
thermalization and collectivity

* Emphasis on simple scaling
features of the data
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Charged hadron dN/dn

19.6 GeV 62.4 GeV 130 GeV 200 GeV
PHOBOS o s centrality
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Cu+Cu

d+Au

Au+Au : PRL 91, 052303 (2003)

62 GeV: nucl-ex/0509034 (sub.to PRC)

Cu+Cu: nucl-ex/0510042 (preliminary)
d+Au : PRL 93, 082301 (2004)
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Charged hadron dN/dn in Cu+Cu vs Au+Au

62.4 GeV 200 GeV
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The same is
true for mid-
central Cu+Cu
vs peripheral
Au+Au (not
shown)

dN/dn very similar for Au+Au and

Cu+Cu at same N_,, without any other

See nucl-ex/0510042; normalization

nucl-ex/0601026
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Charged hadron p,-spectra (near mid-rapidity)

0.2<n<1.4
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Au+Au: PRL 94, 082304 (2005), ;

PLB 578, 297 (2004)
Cu+Cu: nucl-ex/0512016 (sub.to PRL) p. (GeV/c)
d+Au: Phys. Rev. Lett. 91, 072302 (2003) !
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Yields vs N __. In Cu+Cu vs Au+Au at 200 GeV
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Au+Au: PRL 94, 082304 (2005), PLB 578, 297 (2004) ginel 2

Phenix: PLB 561, 82 (2003), PRC 69, 034910 (2004) Raa = PP d"Naa / dedn
Cu+Cu: nucl-ex/0512016 (sub.to PRL) d o d d
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Factorization of energy and centrality

1L Cu+Cu Au+Au : 298V
Large - preliminary (QMO05) e 624 GeV ]
systematic | « 19.6 GeV
error for 0 . |ppl | | | | | | | | | | | | | | | | | | |
Cu+Cu 0 100 200 300 400
Npart

AutAu: Phys. Rev. C70, 021902(R) (2004)
62.4 GeV: nucl-ex/0509034 (sub.to PRC)
Cu+Cu: nucl-ex/0510042 (preliminary)
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Factorization of energy and centrality

Ratio of dN/dn @ n=0 relative
to 200 GeV vs centrality
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Factorization of energy and Also holds in bins
centrality due to initial state effect? of p; up to p; =

GeVic for N _, > 40
Aut+Au: Phys. Rev. C70, 021902(R) (2004) P
62.4 GeV: nucl-ex/0509034 (sub.to PRC) (not shown)
Cu+Cu: nucl-ex/0510042 (preliminary)
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Elliptic flow (v,)

19.6 GeV 62.4 GeV 130 GeV 200 GeV
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Au+Au: PRL 94 122303 (2005)
Cu+Cu: nucl-ex/0510031 (preliminary)
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Elliptic flow vs Npart

0.1 l l .
FPHOBOS 200 GeV id-rapidi
0-09§Statistical errors only near mid-rapidity j PHOBOS Glauber MC
0.08} .
0'073 LI Au+Au ﬁo_s_ -
0.06F ¢ * . | Au+Au
>N0.05;— H{' ; . ‘Q(\
0.04- # o G100 200 300 400
0.035 ¢ . Noar
= Cu+Cu
0.02 — preliminary (QMO05) * » ’ [ ,
0'01;_ Z ii}u"
OB Lo b b b L L /
0 50 100 150 200 250 300 350 400

4 &
Npart J ‘t\-‘,/ﬁ'
A ‘ﬁ

\
¢ -
X

Substantial v, even for most central bin in Cu+Cu
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Scaled elliptic flow vs N__ .

Standard Eccentricity
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Dividing v, by the standard eccentricity

shows no connection between the two
species
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Eccentricity calculation (reexamined)

Standard Eccentricity
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Eccentricity calculation (reexamined)

Standard Eccentricity Participant Eccentricity
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Scaled elliptic flow vs N (2)
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Summary

* PHOBOS has large data sets on nucleus-nucleus collisions
for various species and energies

* Probe interplay of initial geometry and final particle density
— For the same NCO”/Npart ratio Au+Au and Cu+Cu
show similar features (dN/dn vs n, dN/dp; vs p_)

- Factorization of energy/centrality found in Au+Au and Cu+Cu
-and-N
* Study consequences of early thermalization using elliptic flow

e Rules out N two-component model

part coll

- At the same Npart, Cu+Cu has larger elliptic flow than Au+Au

- Elliptic flow may be determined by distribution of participant
nucleons, not reaction plane

Moriond, 24 Mar 2006 Constantin Loizides (MIT)



Backup
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PHOBOS experiment (2)

Recorded data sets on tape [in millions]

N p+tp | d+Au | Cu+Cu | Au+Au
410 20
200 100 150 400 250
130 4.3
62.4 110 22
55.9 1.8
22.5 20
19.6 ~1

= shown in this talk
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Charged hadron dN/dn in Cu+Cu vs Au+Au

62.4 GeV 200 GeV
: v F.)I_IIO.B.O.SI L L L L L lPHOIBIO.S. :
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Also true for mid-central Cu+Cu vs peripheral Au+Au
Unscaled dN/dn very similar for Au+Au

and Cu+Cu at same N__,
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Factorization of energy and centrality in bins of p_

Ratio of charged hadron yields in 200 GeV to 62 GeV
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Energy/centrality factorization
up to p; =4 GeV/c forN__. > 40

part

Au+Au: PRL 94, 082304 (2005)
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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

Moriond, 24 Mar 2006 Constantin Loizides (MIT)




Limiting fragmentation (Au+Au)

19.6 GeV  62.4 GeV 130 GeV 200 GeV N - Ybeam
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N N

“Extended Longitudinal Scaling” of all longitudinal distributions
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Limiting fragmentation (Cu+Cu)

62.4 GeV 200 GeV N-Yiom
200 EPHOBOS  preliminary 200f ~preliminary’ 200F PHOBOS
= = F 200GeV
% 150 E_: 150 150 3 ©
100 ——, 100  62.4GeV
Zu — Zu 190 )
T s T 50 ] 50 |
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brennary RRY: 7 0y - . ; : ; :
i I . ! Cu+Cu |
0.04 + ] 0.04f hity ] 0.04f 1t} 0-40%
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0.02 + ++++ } + 0.02f t“. 0.02 [ *, 4 %
3 + o J * L 5 L
[ + + + [ preliminary T4 1
4 20 2 4 4 20 2 4 4 2 0 2

N N n
‘Extended Longitudinal Scaling’ also seen in Cu+Cu
Persists from p+p to Au+Au over large range in n’
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“Low density limit” scaling

Standard Eccentricity

Participant Eccentricity

| | | |
PHOBOS 130 GeV, Star PHOBOS preliminary
0'8T:\vrﬂ-limirlslr].lr 17 Gev. Nadd ] e 200 GeV, tracks 130 GeV, Star
® 200GeV W 1 1 0.3~ © 200GeV hits 17 GeV, Nad9
5 0 200 GeV 4 Gev EeTY | s 130 GeV, hits 4 Gev. 877
_GHJ.B_ B 130 GeV o "ﬁ“‘t e 200 GeV, tracks | »
< " 200 GeV ++ n " 8 o 200 GeV, hits
® O 200 GeV Cu+Cu ME_U,- 0.2 + 62.4GeV, hits + j +‘JP+ 7
V)] - | = ) ?
~ 0.4 = 624 Gev A +ﬁ> + 3+ ' ’
= +JT]+ > +4L‘. 471 Au+Au
& i 2 3
2 'W'ee o of 0.1~ l |% | —
0.2 ++ w00 Aad :  #7 Curca
| | | | | |
% 10 20 30 % 10 20 30
1/(S) (dN_ /dy) [fm™] 1K(S) (dN_ /dy) [fm™]

Low Density Limit:

STAR, PRC 66 034904 (2002)

Voloshin, Poskanzer, PLB 474 27 (2000)
Heiselberg, Levy, PRC 59 2716, (1999)
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Low-density limit scaling

» Caution: we used ¢, for

PHOBOS data. Important
for Cu-Cu, less critical for
Au-Au.

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

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

[
PHOBOS preliminary
& 200 GeV, tracks

200 GeV, hits
0.3

130 GeV, hits

L ST N ]

I 130 GeV, Star I
| = 17 GeV, Na43 |
Ilm agevEs?r |

A 10

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

adjustments
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