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Why d+Au?

Understanding nucleon structure in .
o Momentum Fraction

nuclei using deuteron+gold (d+Au) Times parton density

collisions

F CTEQ 6.5 parton
3.5}F distribution functions
E Q% =10 GeV?

3.0F

— The initial state in Au+Au collisions
(necessary for model calculations)

25 [ Gluons dominate the soft constituents of hadro
. :But density must saturate...

— Cold nuclear effects 155
quarks

— Understand gluon distribution at low
x and high parton densities

Momentum Fraction Times Parton Density
N
o
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How the gluon distribution saturates at Momentum Fraction, x

low x is of active theoretical interest
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Why Probe Rapidity?

d+Au:
Forward = Low x u
Dilute partonfo
system |2 Forward
(deuteron) . )
Direction
Probe low-x gluon distribution in Au nucleus
Dense gluon

— Suppression of particle yields expected due to :
extremely high gluon density field (Au)

— Gluon saturation
— Shadowing effects

P+ is balanced
by many gluons

= Decorrelation in 2 particle A¢ distribution 15 F aishadowing _ Fermi-
Rapidity Separated Jets & :
— Mueller-Navelet Jets !
* Larger rapidity gap between jets = larger = §e :
probability for emitting gluons > decorrelation Yok “hadowing
in 2 particle A¢distribution £a ; H
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The Color Glass Condensate

see for example, F. Gelis, E. lancu, J. Jalilian-

Marian, R. Venugopalan, arXiv:1002.0333
Y =In1/x4

Saturation
nQ%(Y)=AY

Dilute system

BFKL

&

—_—

DGLAP

Qco

gluon density n(Y, ksaturates for
large densities at small x :

Non-linear evolution eqn.

on

a7 =~ lan+vaOin—uoin’
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g emission g-g merging

g-g merging large if oagnocl

In Q2

=»saturation scale

Qg, nuclear enhancement ~ A3




PHENIX Detector at RHIC
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PHENIX forward EMCs (MPCs)

Forward and backward Muon Piston Calorimeters
have rapidity 3.1<|n|<3.9

2.2x 2.2 x 18 cm3® PbWO, scintillating crystals
220 cm from nominal interaction point
Detect pions (via 192>y y) up to ~ 20GeV

Limitations are the tower separation and merging
effects (p; max ~ 2GeV/c)

To go to higher p;, use single clusters
— Use 7% for 7GeV< E < 17GeV
— Use clusters for E > 20GeV

=x10°

[(e*P lo0f
zof Foreground RO
1s0F- Event
ok Yield  Mixed
- / Background

Op 01 02 03 04 05 06 0.7 0.8 09 1

M, (GeV/c?)

North MP

i Y e

| .

b _

Decay photon impact
positions for lowand
high energy n%

353
fE



PHENIX Acceptance

2T

EMCAL +
Central
Tracker

COVErage

EMCAL +
Central
Tracker

MPC

-3 -2 -1 0 1
eUse rapidity as the lever arm to access different x regions
*Map as much of the phase space as possible with single particle and two particle
correlation measurements

3 rapidity



Nuclear Modification in d+Au at Mid-Rapidity
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Cronin effect leads to enhancement of d+Au yield compared to p+p, for |n|<.35
Phys. Rev. C 77, 014905 (2008) 8



Nuclear Modification in d+Au at
Forward(Backward) Rapidity

<( )central> / < N central *At forward n
dndpr coll . .
ch — - 1 suppression is seen, but
heral eriphera .
((d,,?dp 2ot yperiphiers )/(Nfoup not in the backward
direction
I N R D N N R R I e .
1.5} e PTHatbackward {  *Gluon Saturation?
+ H PTH at forserd *Cronin + Shadowing +
- o HDM at backward
j :
1

Rep

correlations ...

¢ J HOM at forward E-loss?
o % , *Look at 2 particle

sl 60-88 | 60-88 | eoss

Phys. Rev. Lett. 94, 082302 (2005) °



Correlation Function, CY, and |,

* Use two-particle azimuthal angle correlation technique to
probe di-jet structure of d+Au and p+p

— Define trigger, associated particles in different n,p;
configurations

— Probe the available phase space

Peripheral d+Au

dN (¢) d ¢ Correlation Function
N = J‘ [ /8 / — Background |dg L :
- Trigger =T, =0.35
acceptance 100 pfi E.I}-ﬂ.i;née"."-':

N 1anaf- Assoc, T, 3.1 < n=39

. CY 1200 P'r = D.BB-0.81 GeVic

. patr . dA 3
CY — N [ dd = CY 10400
trig g% pp

Associated particle efficiency



Vs,n= 200 GeV d+Au Collision

PHENIX central spectrometer magnet

Muon Piston
Calorimeter (MPC)
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Vs,n= 200 GeV d+Au Collision

PHENIX central spectrometer magnet

Muon Piston
Calorimeter (MPC)
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Side View
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Forward Di-jet Signal with Moderate An

PHENIX central spectrometer magnet
d
Au

| h*-Trigger;
1.4<n<2.0

h*-Trigger;
-1.4>n>-2.0

- Forward direction
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|4, from the PHENIX Muon Arms

Observations at PHENIX using the 2003 d+Audata:

— Left: I, for hadrons1.4 < [/ <2.0 , PHENIX muon arms.
correlated with h*/~ in [ | < 0.35, central arms.
Right: Comparison of conditional yields with different trigger particle pseudo-rapidities and

different collision centralities

=» No significant suppression or widening seen within large uncertainties !

0-40% centrality 4o 88% centrallty
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Forward Di-jet Signal with Large

An

PHENIX central spectrometer magnet

Backward direction
(South) <

Muon Piston
Calorimeter (MPC)

Side View
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Trigger;
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Forward direction
(North) -




n° (trigger,central)/m° (associate,forward)

2.0 <p,’< 3.0GeV/c

for all plots

pp

dAu 0-20%

dAu 60-88%

Correlation Function
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nO(trigger,central)/cluster (associate,forward)

a>= a>= as—
2.0 < p.t< 3.0 GeV/c <p,;>=1.09 GeV/c <p,?>=2.00 GeV/c <p,°>=3.10 GeV/c
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Correlation Widths, d+Au, V5,,= 200GeV

Trigger n%: [ 77| < 0.35,2.0 < p,< 3.0 GeV/c Trigger n% [ 7] < 0.35, 3.0 < p,< 5.0 GeV/c
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Forward/Central I ,vs N__,

Associate 1°: 3.1 <7< 3.9, 0.45 < p,< 1.59 GeV/c

* Increasing suppression Trigger Particle: | | < 0.35

1.8
of 1, reaches a factor B e % pT=2.0-5.0 GeVc
2 for central events 1.6 o
. o - h™: pT =1.0-2.0 GeV/c
. _ B
|ndlcate5. dl Jet 1.4 Triggern® pT scale uncertainty 5%
suppression -
1.2 Associate pT scale uncertainty 10%

e More model
calculations are ol
needed 0.8

— Saturation (Color 0.6
Glass Condensate)

0.4
— Shadowing 02 PHENIX
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N
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Comparing Forward to Backward

PHENIX central spectrometer magnet
d
Au

B 3 1<n<3.7
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Ratio of d Going Side to Au Going Side Triggered
Mid-Rapidity Yields

eMost central bin, <N__ > =15.4

coll

o110 Trigger in MPC with 9.1<E<12.7
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Shadowing, saturation, or other effects may
lead to non unity ratio in mid-rapidity trigger
associated spectra.
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(d going side trigger)/(Au going side trigger)
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Centrality Dependence of the Ratio

5.5<Etrigger<9.1

pMost-Benpheéral
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The ratio of d going side to Au going side nt0triggered inclusive mid-rapidity spectra.
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(d side triggered)/(Au side triggered) Ratio
Trends

d Going Side n” Triggered/Au Going n° Side Triggered; h* @ [n|<0.35, 1.0<p_<3.0 GeVie
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The suppression of the d going side triggered yield relative to the Au going side triggered yield as a
function of the trigger energy. (Bands indicate systematic uncertainties from the centrality bias
associated with the trigger requirement and possible asymmetries stemming from the higher
multiplicity in the Au going side MPC.)



Compare Forward and Backward
Triggered Correlated Yields

* Interpretation of the previous
ratio is clouded by the
uncorrelated part of the yield _ -

o _ . 1<p,trieeer<? GeV/c, -3.1>ntreeer>-3.9

* Make similar ratio using correlated  j<p asseciated< Gev/c, -0.35<nzssociated<.35
yields of forward(backward) —
mid-rapidity correlations

 This work s in progress




Summary and a Look Forward

Azimuthal angle correlations for rapidity separated hadronpairs:|n| < 0.35,
1.4<|n|<2.0 and |n|<0.35, 3.1<n<3.9

— No significant broadening between d+Auvs pp within experimental precision

— Suppression of / , is observed as one goes to more central collisions for larger
An correlations

Comparison of integrated mid-rapidity yields between forward and backward
trigger

— Suppression of yield in d going side trigger compared to Au going side trigger
— Comparison of correlated yield coming soon...
Upcoming
— Scan different An gaps within PHENIX acceptance
— Forward-Forward correlations to probe the lowest x



