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RicBs | iy PHOBOS detector - trigger system & TOF
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PHOBOS detector - spectrometer
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16 layers of silicon sensors
2 Tesla magnetic field

O<n<2
p, from 30 MeV/c (reconstructed)
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Spectrometer
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PHOBOS detector - multiplicity detector

Multiplicity detector:

octagon and 6 rings
single layer of silicon sensors
no magnetic field

In| < 5.4
p, from 7-35 MeV/c




RicRSs | iy Suppression of particles with high p.
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Properties Production of particles with high transverse momentum is
of the matter strongly suppressed in central Au+Au collisions.

created in heavy
ion collisions ...

This effect is caused by strong interactions of partons
traversing the dense matter created in the A+A collisions.

PHOBOS
Experiment

New state of
matter

PHOBOS 200 GeV d+Au 0-20%
PHOBOS 200 GeV Cu+Cu 0-6%
PHOBOS 200 GeV Au+Au 0-6%

Recent results

Predictions for
LHC
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RS | il Large elliptic flow
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Properties Geometrical anisotropy of the interaction area is
of the matter reflected in the momenta of produced particles.

created in heavy
ion collisions ...

Elliptic flow is close to results of calculations in
hydrodynamical models for a perfect fluid.

PHOBOS
Experiment

9 Track-based 200 GeV Au+Au
New state of

matter Hit-based 200 GeV Au+Au

Recent results Hit-based 130 GeV Au+Au

Predictions for
LHC

Hydrodynamic calculation

Flow
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RIcBs | 4l Very low p. particles production
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Properties No anomalous enhancement in production of particles
of the matter - H H -
S R with very low p. (expected for weakly interacting quark
ion collisions ... g|uon plasma)_
PHOBOS
Experiment o
New state of %
matter | &
| - 3
Recent results  § % 10
Predictions for '_'l_
LHC _g- Blast Wave (B~ 0.8)
Parameterization fitted %‘102 (K++K') -;-.-.ér-.m.-.‘mm.,.
at higher p, and B3
R extrapolated to low p o 10 R
E T =y WL EE LECT TRY N
—~ (p+p) “ffg e
: c
& 4L PHOBOS preliminary
Au+Au 200 GeV, 0-6%
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PHOBOS
Experiment
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= Recent results

Predictions for
LHC
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Correlations with a high p_ trigger particle

Question:

measured in spectrometer
p; > 2.5 GeV/c

Other particles:
measured in a single layer of octagon, or first

layer of vertex detetector or spectrometer
p; > 7-35 MeV/c

what happens to partons
stopped in the dense matter
in central Au+Au collisions
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RicBes | ily Correlations with a high p_ trigger particle

0 A [T
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Properties ,
of the matter thrlg > 2.5 GeV/c
created in heavy
ion collisions ... PHOBOS AU+AU 200 Gev p_l_assoc > 7 = 35 MeV/C (Tl'i)
PHOBOS direction
Experiment el

of trigger

New state of

matter B particle
= Recent results E

Predictions for l

LHC

PHOBOS Au+Au
central 0-30%
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RicBs | il Correlations with a high p_ particle

R IR T
Krzysztof Wozniak

Properties More quantitative analysis and comparisons

of the matter
created in heavy

ion collisions ... AU+AU (PHOBOS) p+p (PYTHlA)

PHOBOS
Experiment

New state of
matter

= Recent results

Predictions for
LHC
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Ricks | iy Near-side correlations with a high p_ particle
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P Near-side correlations, A¢p~ 0°:

of the matter

creatod in heavy pr- o Au+Au @ 200 GeV, 0-30%
. ‘/4" 0% s - ",&‘7’

ion collisions ...

PHOBOS - . : : :

Experiment | Near-side, [Ad] < 1.0

New state of 300

i | —a— Au+Au 0-30% (PHOBOS)
........ p+p (PYTHIA v6.325)

- [ ] v; uncertainty

B ZYAM uncertainty

= Recent results

Predictions for
LHC

Long-range

ridge yield

Krakow
St Andrew's Church
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RicBSs | iy Near-side correlations with a high p_ particle
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Near-side correlations, A¢p=~ 0°:
Au+Au @ 200 GeV, 0-30%

PHOBOS - Y-

Experiment Near-side, |A¢| <1.0

New state of ano

matter g —&— Au+Au 0-30% (PHOBOS)
= Recentresults | | |l PYTHIA + 0.25

Predictions for [ ] v, uncertainty

L ZYAM uncertainty

The same
additional yield
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Correlations with a high p. particle

L1
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Properties Dependence on A¢ in selected An ranges

of the matter
created in heavy

ion collisions ... Short range: |An| < 1 Iong range: -4 < An < -2

PHOBOS
Experiment

New state of
matter

= Recent results

Predictions for
LHC

1N, dN,/dap
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PHOBOS
Experiment

New state of
matter

= Recent results

Predictions for
LHC
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Correlations with a high p. particle

Near-side and away-side A¢: subtraction of p+p yields
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After subtraction of p+p yield ...
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Properties
of the matter

created in heavy NEAR side: A(bN 0°

ion collisions ...

. (O short-range minus PYTHIA
PHOBOS

Experiment . long-range (PYTHIA=O0)
New state of
matter E i .
= Recent results || AWAY side: A(bN 180
Eﬁegidions o D short-range
. long-range
g both minus PYTHIA
i
The near side ridge extends to at least |[An|~4
It disappears for peripheral Au+Au collisions at N, < 80
The additional yield in Au+Au collisions (in excess of that
N In p+p) decreases for peripheral collisions
HEP 2009
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RioBCs | iy Two-particle correlations
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Properties Correlations measured as a function of A¢p and An

of the matter
created in heavy

jon collisions .. In the very wide pseudorapidity interval [n| < 3
PHOBOS:le

Expesiaigns

New state of p+p@200GeV Cu+Cu@200GeV Au+Au@200GeV
matter RN

= Recent results

Predictions for
LHC
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Cluster model & two-particle correlations
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Properties Possible explanation of correlations:
of the matter . . . . . - c
created in heavy production of intermediate objects (clusters) which decay into particles

ion collisions ... ‘ ‘

o
PHOBOS 4—. 1/,
E ' t °
xperimen > 3 //_..
New state of o~ ~e
matter ~.
= Recent results : “/ .
.» * o/ \°

Predictions for
LHC

PHOBOS p+p@200GeV Cluster model

A cluster of lamps
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Ric®Ss | iy Two-particle correlations & cluster model
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Properties

rotne matter Cluster parameters can be extracted from the data
fon collisions .. using correlation function integrated over A¢
PHOBOS
Experiment
Newstateof | K, - efective cluster size
matter g i Phys. Rev. C75(2007)054913
= Recé"f results E 0 - RMS of the two particle distance ' Eig%%(s) GeV
[ fedictions for in n characterizing cluster width
Parameters are obtained by fitting the
! function: (A |
| G(An
R(An)=(kz—1) -1
B(4n)
where:
|4 . .
G(An)=exp ) Note: even if particles from very wide
40 range (|n| < 3) are used, acceptance
HEP 2009 B(An) - background corrections are large
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PHOBOS
Experiment

New state of
matter

= Recent results

Predictions for
LHC
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Two-particle correlations & cluster model

Multiplicity of the clusters is Au+Au
large (up to 6 charged particles -
more than for known resonances)

Cluster width exceeds that for
Isotropic decay at rest

Cluster parameters are similar for
p+p and central Au+Au collisions,
maximal difference is observed
for semi-peripheral collisions

® PHOBOS Au+Au 200 GeV

® PHOBOS Cu+Cu 200 GeV
—— AMPT Au+Au 200 GeV
AMPT Cu+Cu 200 Go'v
PHOBOS p+p 200 GeV

PHOBOS

Phys. Rev. C75 (2007) 054913 (p+p) Note: acceptance
arXiv: 0812.1172 [nucl-ex] (Cu+Cu, Au+Au) corrections were applied
Peripheral Au+Au data - preliminary
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PHOBOS
Experiment

New state of
matter

= Recent results

Predictions for
LHC
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Two-particle correlations & cluster model

Centrality expressed by the
fractional cross-section allows
to compare similar geometry of
the collisions.

Cluster parameters scale with
fractional cross-section

® PHOBOS Au+Au 200 GeV

® PHOBOS Cu+Cu 200 GeV
—— AMPT Au+Au 200 GeV
AMPT Cu+Cu 200 G/
PHOBOS p+p 200 GeV

PHOBOS

Phys. Rev. C75 (2007) 054913 (p+p) Note: acceptance
arXiv: 0812.1172 [nucl-ex] (Cu+Cu, Au+Au) corrections were applied
Peripheral Au+Au data - preliminary
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RicBs | §ls Extrapolations to LHC energies
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Properties
of the matter
created in heavy

ion collisions ... In the collider experiments the laboratory frame coincides
with the center of mass of the nuclei. In this frame energy
dependence of many observables is complicated .

--0

Alternatively, the rest frame of one of the nuclei involved in
the collision may be used.

-@®

After transformation to the rest frame of one of the nuclei,

e the “extended longitudinal scaling” of pseudorapidity

HEP 2009 distributions of charged particles density dN/dn and the
kG Pelang elliptic flow are observed.

PHOBOS
Experiment

New state of
matter

Recent results

= Predictions
for LHC
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PHOBOS
Experiment

New state of
matter

Recent results

= Predictions
for LHC
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Extrapolations to LHC energies: dN/dn

PHOBOS data 19.6-200 GeV -
PRL §1 (2003) 052303 Extrapolation of PHOBOS dlata
based on extended longitudinal
200 GeV scaling allows to obtain prediction

Bl  for dN/dn at 5.5 TeV
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-g ﬂ—N for PbPb @ J5=5.5TeV Extrapolated from Lower Energy Data
< n

£
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n ‘= n -ybeam

Transformation to the rest
frame of one of the nuclei:

y' - y : ybeam
and, approximately:
N'=N-Yoeam W. Busza, J. Phys. G 35 (2008) 044040
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RiceSs | il Extrapolations to LHC energies: elliptic flow
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Properties PHOBOS data 19.6-200 GeV imi i
othemater AL o1 (2008 082303 Similar extrapolation of. v,
ion collisions ... measured by PHOBOS glveS
— o o predictions for elliptic flow
Exooriont . | b distribution at 5.5 TeV
New state of
matter E
Recent results §
= Predicti PbPb Extrapolated
for LHC oSStV e tsscey
40% Most Central) 4 e
M 130.0 GeV
A 200.0 GeV
: Transformation to the rest
frame of one of the nuclei:
y' - y B ybeam
and, approximately:
HEP 2009
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Summary

PHOBOS experiment contributed to the discovery of the new phase
of nuclear matter (sQGP) and studied its properties using unique
features of the detector: very large angular acceptance and
reconstruction of low p. particles.

B Recent analysis of particle production reveals strong long-range
correlations with a high p_ trigger particle and emission of particles

in large clusters

B Extended longitudinal scaling (limiting fragmentation) allows to
give reliable predictions for heavy ion collisions at LHC
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PHOBOS
Experiment

New state of
matter

= Recent results

Predictions for
LHC
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Two-particle correlations & cluster model

Importance of acceptance
corrections

Uncorrected results for the same events analyzed
in different n ranges
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