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Outline

* Motivation

— How sharp is the transition from dilute parton gas
to saturated parton density: eg. Color Glass
Condensate (CGC)?

* Forward m® and associated jet-like cluster
correlations at STAR

— Event reconstruction

— Correlation results in p+p and centrality
dependent d+Au collisions.

* Summary
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Xq = pq/pN, Xg = pg/pN’
N, = -In(tan6./2)
pr = E;sin(8y)

Associated particle/jet

How to probe low x gluons
* Forward particle production.

06

The factorization mechanism
is taken as universal and

applied in nucleon (nucleus)+
nucleon (nucleus) collisions.

Leading particle

/

Associated particle/jet
—>

X

* Large rapidity (n,~4) inclusive &t production and correlations probe
asymmetric partonic collisions.

* Mostly high-x, valence quark (x>0.2) + low-x, gluon (x<0.01).
* Forward back-to-back correlations can probe low x gluon.
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Barrel electro-magetic
(BEMC) with -1<n<1

STAR Detector setup
e The schematics of STAR in RHIC run8.
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Forward Meson Spectrometer
(FMS) with 2.5<n<4.0

/

West ZDC:
18m from IP

ro-magnetic calorimeter

MC)|with 1.08<n<2.0

 We use the data of run8 p+p and d+Au collision at Vs = 200GeV.
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Motivation
* Suppression of forward n°® + forward n® back-to-back

correlations found in central d+Au collisions.
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* Do the phenomenon exist in other forward correlations?
* Look at the nt%+jet-like cluster correlations.

 How sharp is the transition from dilute parton gas to Color Glass
Condensate (CGC)?

* Reconstruct associated jet-like cluster in different pseudo-rapidity region.
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n¥ reconstruction in the FMS
* Leading forward m® is reconstructed in the most forward

FMS photon pair mass in p+p collision
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* There are clear nt° peaks in the FMS during p+p and d+Au
collisions.
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Jet-like cluster reconstruction in the EEMC
* The jet-like cluster are reconstructed based on cone algorlthm.

E (GeV)

One event of the energy deposition in the
EEMC with FMS 10 trigger(p>2.0GeV/c) in
p+p collision at Vs = 200GeV.

The EEMC energy deposition is jetty.
Study mV+jet-like cluster correlations.

CI)A

DNP2012

* Energy Et By = 2Ey; Eqyis the energy of
tower i.
* Mass M. _.: (1) Assuming tower hits are

jet:
zero mass. Projecting T. energy to its

center to get the momentum vector of
the tower p;,. (2) The jet-like momentum
vector pi, = Zpy; . (3) Mg, =sqrt(E;.,” —

> Pjetz)
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New: FMS (n%)-FMS (jet-like cluster) correlations

Centrality dependence of ’+jet-like cluster azimuthal correlations in FMS

p+p —> n+jet+X, vs = 200 Gev  peripheral d+Au —> 7'+jet+X, vs = 200 Ge' central d4+Au —> m+jet+X, Vs = 200 GeV
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y FMS 10 * Mixed-event corrections applied, resulting in ~15% bin-to-bin
changes.

« Use beam-beam counter facing Au beam to select peripheral
Z (£2Q<250) and central (2000<=ZQ<4000) collisions.

FMS jet-ike < No evidence of away-side peak for central d+Au collisions.

cluster
' O peripheraty — Opp =025 £0.10 .
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New: FMS (n?)-EEMC (jet-like cluster) correlations

P:(FMS) > 2.0 GeV/c ; 1.0 GeV/c < P{(EEMC) < PL(FMS)

p+p — 1 + jet-like + X, y§=200GeV Peripheral d+Au — n° + jet-like +X,\s=200GeV Central d+Au — 1 + jet-like +X,\s=200GeV
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* FMS n® p,fM>>2.0GeV/c. With 400MeV tower threshold,
cone R=0.6, EEMC jet-like cluster (M>0.2GeV/c?) 1.3<n<1.7,
1.0GeV/c<p,FEMC<p FMS,

* Mixed event corrections applied to the correlations. Use
beam-beam counter facing Au beam to select peripheral
(2Q<250) and central (2000<2Q<4000)d+Au collision.

=004 £0.03, Gy =0,y =0.172005 .
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New: FMS (n)-BEMC (jet-like cluster) correlations

P-(FMS) > 2.0 GeV/c ; 1.0 GeV/c < P{(BEMC) < P-(FMS)
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R=0.6, BEMC jet-like cluster (M>0.2GeV/c?) -0.9<n<0.9,
1.0GeV/c<p BEMC<p FMS,

Mixed event corrections applied to the correlations. Use
beam-beam counter facing Au beam to select peripheral
(2Q<250) d+Au collisions.

=-003+002, Fpcenrary = 9, =0.08£0.04 .
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Summary on the correlation peak

pt(Leading)>2.0GeV/c,1 .OGeV/c<pt(associated)<pt(Leading)

Correlation width difference

STAR Preliminary

P+jet-like cluster (stat. error only)
—4— Width(peripheral dAu - Width(pp)
—— Width(central dAu - Width(pp)

_ Suppresion
in central d+Au
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associated particle n

2 1/3 2y
. 0X(x)~ 4"e
y = rapidity, A = 0.3
QMW Qi

Non-linear «—— /—— Linear

For+for Correlation

Parton Gas
For+near-for Correlation

For+mid Correlation

lancu and Venugopalan,
hep-ph/0303204
DGLAP

>’\
nQ -~

Does the evolution of results in assoc particle n indicate a

smooth transition?

Studies relating jet-like cluster energy to parton energy are

underway.
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Summary

Centrality dependence of both forward di-pions and
forward pion + forward jet-like clusters in d+Au show
correlations for peripheral collisions but not for central
collisions.

Correlations between a leading forward nt® and a jet-like
cluster over a broad pseudo-rapidity range -1<n<4,

v' p+p correlations become narrower as n increases.

v’ peripheral d+Au correlations become broader as n
increases.

The rapidity dependences of the correlations suggest a
smooth transition process from dilute parton gas to
dense CGC state.

v’ Studies of the energy scale for the jet-like cluster from
different detectors are ongoing.
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The soft gluon x 1s related to associated particle
in correlations

PYTHIA simulation
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arXiv:hep-ex/0502040
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Xinin — Xg log, (X i)

2 1/3 A
X~ Js € y = rapidity, A = 0.3
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FMS-FMS Correlation
Parton Gas

FMS-EEMC Correlation
FMS-BEMC Correlation

lancu and Venugopalan,

hep-ph/0303204
DGLAP

A

o =>In(r)

 The pseudo-rapidity of the associated particle is strongly
correlated with soft gluon x in the asymmetric parton

scattering.
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Outlook of nucleus gluon saturation study

The final state nts or jet-like clusters are complex
objects that can include not only color interactions
from initial states but also from final states.

* A Electron lon Collider (EIC)?

NA
% 10°E EIC
O | —— 30GeV+130GeVin )
o~ [ 20 GeV + 100 GeV/n 3 /
C 5[ ——— 10GeV+100 GeVin %
10°F ...... 9 GeV + 90 GeV/n 4"_,

— 2GeV + 100 GeV/n

* Go to lower x than fixed
target experiment.

* DIS process is much cleaner
than the hadron-hadron
interaction.

I:I E665 NMC
D SLAC Uﬂ] BCDMS

CCFR

sl

0%  10° 10* 10 10?107 ]

DNP2012 Xuan Li 15



Summary on the correlation peak

 Compare the width differences from p+p to d+Au collisions for
different di-hadron correlations.

Low p, High p,
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Back-to-back Angular Correlations

pQCD 2=>2 process =back-to-back di-jet (Works well for p+p)

. Forward jet
P -,
. :
%} 4—@ P d+Au in HIJING

- No shadowing 3<N.<4
b 1<naca
é_p" >2.5GeV/c
1.5<pr<py

¥ Mid-rapidity jet

| — Shadowing .
With high gluon density : :
2=>1 (or 2=»many) process = Mono-jet ? 200

Mono-jet

Dilute parton 100 f

system (deuteron

d+Au —> n+n’°+

P; is balanced by
many gluons

Dense gluonfield (Au)

CGC predicts suppression of back-to-back correlation

CoDrgl\rgzeo?ztional shadowing changes yield, but not angular correlation .



