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Heavy Quarkoni

a

Goal: Measure the screening length in the QGP

Use heavy quarkonia as a tool for
measuring this directly.
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results alone is not trivial.
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PH ENIX Heavy Quarkonia

% Goal: Measure the screening length in the QGP
(] T AA
R = dN ™/ dy
1 Use heavy quarkonia as a tool for AN Idy Ny,
| measuring this directly.

... [ = _Phys. Rev. C 84, 054912 (2011)
. . . g._ I""I""I""I""I""I""I"':
e.. G. UnderStanC“ng A+A N B 2004 AutAu, |y|<0.35, globalsys. =+ 12% _:
% ® % resultsaloneisnottrivial. TR NEAR gl reE

Need to understand our baseline in order to
extract hot nuclear matter effects!
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piEnix  Understanding our Baseline

¢ Large statistics d+Au data taken @ 200 GeV in 2008.
¢ Allows direct study of Cold Nuclear Matter (CNM) effects.
¢ Goal: Measure J/Y production over wide range of kinematics.

¢ Rapidity dependence (Phys. Rev. Lett. 107, 142301 (2011)).
« New! p_dependence (arxiv:1204.0777).
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Rapidity Dependence of R |

PH.ENIX

« Minimum Bias (centrality integrated) R_, results as a function of
rapidity.

¢ Shows increasing suppression with increasing rapidity.
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arXiv:nucl-ex/1010.1246
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pnenix RaPIdity Dependence of R | |l

)

PhyS Rev. Lett. 107, 142301 (2011)

« Top-R_, vsy for Peripheral events e

o < “E" """""" EH """""""""""""""" § """" """ 7

¢ R__constant w/ rapidity. g o @ e ;
¢ Bottom—R_ vsyforCentral events 3 | comweome E

. : a)

¢ Stronger suppression at forward s ——
rapidity. S B .................................................. -
¢ Similar level of suppression at é‘ ost @H 4 @ e
backward rapidity in central and 9% osf— @@E@ =
peripheral events. © guf contramyoavi 5 3
LE Glnhall Scale Uncelrtamlv+ﬂ.5°'lﬁn | C? i

4/11/2012 D. McGlinchey - WWND 2012



prenix RAPIdity Dependence of R

)

« Take the ratio of central R (b) to
peripheral R , (a) - ch
¢ Significant reduction of systematic
errors.

¢ Describes change in suppression over
the nucleus.

¢ Strong suppression at forward rapidity.

What can we learn about the geometric
dependence of the modification?
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Phys. Rev. Lett. 107, 142301 (2011)

[ Jly in d+Au atyjs,, =200 GeV
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—~— _ ADifferent Way to Look at the Centrality
PHZFENIX Dependence

¢ Use simple geometric model.

¢ Assume modification is
dependent on the nuclear

thickness.
Rz ,«io f dzplz, 1)
¢ Try three simple forms.
¢ Linear: M(rr,a) =1—alA(rr)
¢ Quadratic: M(rp,a) =1—alA(rp)’

—al(rr)

¢ Exponential: M(rr,a) =e
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—~— _ ADifferent Way to Look at the Centrality
PHSENIX Dependence

¢ Use simple geometric model.

¢ Assume modification is Phys. Rev. Lett. 107, 142301 (2011)

~1.2
dependent on the nuclear &
thickness. g L Measure of the
{ © | .
Kifrg)i= ﬁ_/ Dl ) 1 change in suppression
0

¢ Try three simple forms.
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¢ Linear: M(rr,a) =1— aA(rr)

¢ Quadratic: M(rp,a) =1—alA(rr)?

0.6
¢ Exponential: M(rr,a) = g T
0.9 Measure of the
0.4 average suppression
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—~— _ ADifferent Way to Look at the Centrality
PHZFENIX Dependence

¢ Use simple geometric model.

¢ Assume modification is Phys. Rev. Lett. 107, 142301 (2011)

~1.2
dependent on the nuclear I
thickness. gt
1 S 40
A(rp) = —/ dzp(z,rT) & 1
P0 N
i é0.9_—
¢ Try three simple forms. a
0.8
¢ Linear: M(rr,a) =1—alA(rr) -
' i
¢ Quadratic: M(rr,a)=1— al(ry)? -
0.6
¢ Exponential: M(rr,a) = e *Ar) -
_ 0.5
¢ Each form maps out a unique Y Exponential Case
curve on this plane. 04y S S Linear Case
R4 — — Quadratic Case
0'3‘_.""| | | | |

o

09 1 1.1 1.2
R, (0-100%)
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—~— _ ADifferent Way to Look at the Centrality
PHSENIX Dependence

¢ Backward and mid rapidity data is

unable to distinguish between the Phys. Rev. Lett. 107, 142301 (2011)

three cases shown here. 3\31'2§+ Jhy 2.2 <y<-1.2 e
P11 s
¢ Forward rapidity data requires 8 = Jv-05<y<05
stronger than linear or exponential R e Jdyi2<y<2f
dependence on the thickness. 30.9
QO

¢ Use data to extract thickness
dependence!
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SrCENIX J/Y p_ Distributions

N

arXiv:1204.0777

Ol e o ¢ Minimum bias J/{s invariant
> 7k o . -2.2<y<-1.2 (0.1% i
8 10 ?m%m%d;;%j o ly|<0.35 (1.0%) yield vs pT'
— N * R 1.2<y<2.2 (0.1%) -
1% D@%ﬁm o+ ¢ Integrated over the rapidity of
T 3, 1.24ly1<2.2 (10.1%) each arm.
T 10°= E}a;%% * o |y|<0.35 (10.0%) : _
& T g@@ ¢ Precise data outtop_=8
:3 1010 @% ¥ GeV/c.
cﬁ - % . ¢ Large improvement over
= 10'11 = .

m - % previous d+Au PHENIX

- results.

1012 /sy, = 200 GeV
L1 1 | L1 1 | [ | [ | [ | L1 1 | [ | |

o TTTT
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pT[GeVlc]
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S<ENIX

2
<p_°>

In d+Au

Extract <pT2> numerically from the data at each centrality.

Subtract the p+p result from the d+Au results.

Observe broadening in the
p. distribution which

Increases with increasing

coll”

Similar at all rapidities
within uncertainties.

\ <p_f_> Au " <p_‘;!_> op [GeV¥c?

Colored boxes @ A<p_*>=0
represent uncertainty on

2
< >
pT pp
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arXiv:1204.0777
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PH.UENIX Min Blas p_ Results |
ZI\N T
¢ Minimumbias R vsp_.
. | | | AN Gt /dy (i)
- Slmllar suppression at mid & forward Raau(?) = Noon (VAN Tds
rapidity. cott (1)) AN 57, /dy
¢ Suppression for p_< 4 GeVi/c.
aerv 1204 0777
e R ~ 1 for p > 4 GeV/C 2'5; Global Scale UncertalntyTB% _g
dAu T 2 —
o C .
e AIXIV:1204.0777 agg@"""@'@”@ """"" @QF_
S 7 05 .
: . . _ C |y|<0.35 b}
2:_ : .llstlz,‘oy.,i:_(z?igﬁzfo) 7 VertlcalErrorbarS 251::{::::{::::{::::{::::I::::{::::I: :{:::£
_ — uncorrelated ' g Global Scale Uncertainty 8.2% g
$°F b uncertainties F E
v @E@? i o E
l %] T _ j - Iy -
Boxes — point-to- A Eﬂiﬁt@]* S =
osp- . - .
: ] point correlated 050 E
b ened uNcertainties. Ftey<22
pT [G eVl c] 0 1 2 3 4 5 [3 7p [éewc;
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BCENIX Min Bias o Results I

arXiv:1204.0777

. i . DY SRS AR IR =
« Shape of R  p_distribution different at - Global Scale Uncertainty 8.3% -
2 -]
backward rapidity. s &] I
- Ay 9 :
« R _>1forp >2GeVic. G S— e L =
dAu T ]
0.5— -
- -2.2<y<-1.2 a)
255" Global Scale Uncertainty 7.8% -
2 —
3 1.52— _f
r I :
o AIXIVI204.0777, ﬁ'g‘g'@'""ﬁ}'@"'@ """"" fﬁﬁ}]‘
*F e 2.2<y<1.2 (8.3%) R 0.5 —
- § C |y|<0.35 b
" e |y|<0.35(7.8% ; - - .
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$' LI
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PHENIX High-p_ R

« FitR__w/ constant for p >4 GeV/c to
find average value.

First quoted uncertainty is the fit uncertainty, second
Is combined Type B & C systematic from data.

Rapidity Raau (pr >4 GeV/c )
—22<y<—1.2 1.274£0.0640.11
ly| < 0.35 0.9740.1420.16
1.2 <y <22 1.03£0.0640.11

¢ R AL consistent w/ 1 @ mid and forward
rapidity.

¢« R >1@ backward rapidity.

dA

RdAu

RdAu

Rd Au
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PRYCENIX High-pT R, Implications

« Propagating R , to R, qualitatively.
« Expect high-p_R, =1 at midrapidity.

« Forward rapidity R is a combination of forward & backward rapidity

dAu N Phys. Rev. C 80, 41902 (2009) |
- i ity - - = AdS/CFT+Hyd
¢ Expect high p. RAA > 1 at 4 - ® STAR Cu+Cu 0-20% 2-(:ompone:t ro
¢ o 3L ¥ STAR Cu+Cu 0-60% AT PR
orward rapidity. ,| © PHENIXCusCu0-20% ——. heavy resonance
¢ Need a more detailed
understanding of 2 n e ,
. . . o 0.8 I’ B
propagation for quantitative - . TR W s SRR
reSUH:S_ ) ._; ....... § ....... § ..... ‘EE
0.4 - S . S, r=r =t
02 ! | ! | | | ) | | | |
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PHZENIX CNM Effects

¢ Nuclear Shadowing — Modification of PDF's for nucleons
bound in nuclel.

¢ Parametrizations of (mostly) DIS data (ex. EKS98, nDSg, EPS09).

¢ Nuclear Break-up — Break-up of cc pair through collisions with
nucleons.

¢ Usually parametrized using break-up cross section.

¢« Cronin Effect — Broadening of the pT distribution through
scattering of incoming partons.

¢ Initial State Energy Loss — decrease in parton momentum due
to soft scatterings while propagating through colliding nucleus.

4/11/2012 D. McGlinchey - WWND 2012 19



pienix  Nuclear Shadowing (X & Q?)

¢ Use 2 -1 kinematics to get rough idea of the x & Q¢ regions probed

by the data.

¢ Shown with EPS09 nPDF set.

2 2
— \/MJ/(p+pT e—y

2,5 |
(14 — ] 2.2<y<-1.2 |
: . ly|<0.5 :
2 _— s 1.2<y<22 __
: ——— LOEPS09R, Q=13 GeV :
1.5 |
: il
| il
.
NE i
0 | | Lo II| |
102 102 )
X
4/11/2012

Q2:M2]/w+<pT >2

Vs

Forward rapidity —
Shadowing region, expect
R <1.

dAu

Midrapidity — Transition
region.

Backward rapidity — Anti-
shadowing region, expect
R >1

dAu

D. McGlinchey - WWND 2012
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PH.ENIX Theory Comparison |

: . arxiv:1204.0777
¢ Calculations from Kopeliovich et al. (Nucl. ~ *%F Giobai Scale uncertainty 8.3% |-
Phys. A 864, 203 (2011)) 2= ..... Kopeliovich et al.

¢ Nuclear Shadowing — nDSg nPDF set.

\\\\\\\\\\\

¢ Nuclear Break-up — frozen dipole 0s
approximation using parametrized
break-up cross section from HERA data.

V)
LY
I A
I =
I A
[ ]
—
(V)
)
T

¢ Includes Cronin Effect. 315

m’c
Nucl. PhyS A 864, 203 (2011) """""""" E """ E}'E"'@":_‘:;\'_‘, LsiEaTare e =]
j | o g B .
0.8f 0'5:_ ly|<0.35 by
! D e o g
Dﬁ% I = L. - Kopeliovich et al. _;
e £ 3 S S
| i i
3 6 2 s S TN
y p. [GeVic]

4/11/2012 D. McGlinchey - WWND 2012 21



’V\!__
PH-ENIX

¢ Calculations from Lansberg et al.

(arXiv:1201.5574)

¢ Nuclear Shadowing -~ nDSg nPDF set.

« Nuclear Break-up - effective o _=4.2mb

¢ No Cronin Effect.

arX/v 1201.5574

Exfrinsic pT, nDSG shadowing :

(c) nDSg

4/11/2012

Theory Comparison Il

arX/v 1204 0777

2.5

Global Scale Uncertalnty 8 3%
— = Lansberg et al.

P =

C nDSgo,, =4.2 mb .

- 1sb @h DI
= @ [+:| 7
gL —
0.5 —f
2_5__: ::l::::|::::|::::l::_::I::::l::::l:::: ::::__
 Global Scale Uncertainty 7.8% ]

2:_ — - Lansberg et al. =

- nDSgoc,,  =4.2 mb .
315 =
n:"’ - &] E] ]
PN . __$‘
0.5 —

- |yl<0.35 bH
25" Global Scale Uncertainty 8.2% 1
2 =—- Lansberg et al. -
nDSgc,_, _=4.2 mb m

2 1.5— —
g1 E| -
14 % [}j ]
1 """"""""""""""""""""""" —
i

0.5 —

E 1.2<y<2.2 C)3

| S R R R SR - A

p. [GeVic]
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PH.ENIX Theory Comparison Il

arXiv:1204.0777

"*F Global Scale Uncertainty 7.8% 1 ¢ Calculations by Sharma and Vitev

1.6

E (arxiv:1203.0329).

¢ Nuclear Shadowing — EKS98 w/
power suppressed coherent final

u.aEHHHEB———ﬁ,_H________ state scattering

0.6F 1 ¢ Includes initial state energy loss.

~ = = FO NRQCD, CNM E-loss

RdAu

0.4F . . _
o o ARG M Edoss lyl<0.35 1 ¢ Dashed Curve — No Cronin Effect.
E with Cronin ]

S @ Solid Curve — With Cronin Effect.

P, [GeV/c]
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PH.ENIX Centrality Dependence

arX/v 1204 0777

2 E Jhy in d+Au aty[s,, =200 Ge\%
5 15
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i
Y
[ ]
[ ]
[ ]
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[=_:]
o
il
R
i
wHlEH
—H—
—HR—
—
-
L

L)

RdAu

0.5
- Centrality 60-88%

C Giobal Scale Uncertainty 10.6% '

15; — %]{'{'%] """" % """"""

dl:

4/11/2012

I T SR S
P, [GeVic]

22<y<-1.2

Suppression is strongest for central
collisions at low p_.

Shape of R , distribution flattens when
moving to peripheral events.

ROIAu = 1 within uncertainties for

peripheral collisions.
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Centrality Dependence

arX/v 1204 0777

:__nDSQG =4.2mb

N E Jhy in d+Au aty[s,, =200 Ge\%
I
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lliE]@ %]

RdAu
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fl

0.5
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= Giobal Scale Uncertainty 10.

:6:“/:)::::::::::::::::

-

d)]

Mg

PRI PR BN R R
¢ 1 2 3 4

4/11/2012

Y S
P, [GeVic]

2.2<y<-1.2
Calculations by Lansberg et al.

¢ Detailed on previous slide
¢ Using nDSg nPDF set.
¢ 0 =42 mb.

¢ Assume modification is proportional to
the density.

Flat in p_for all centrality.

Consistent with peripheral data.

Disagrees strongly for more central
collisions.
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arX/v 1204

Centrality Dependence

0777

EKS98c, =4.2mb

- — - nDSgao,.=42mb
5 15

N E Jhy in d+Au aty[s,, =200 Ge\%

Global Scale Uncerlamty 9 0/ T

05—
Centrallty 0-20%

=y

ﬂg..nﬂ@@fﬁﬁ

L Global Scale Uncertamty 8 5 / I I I

L]

|»L!4|I|IIII|IIII|II

Centrallty 20-40%

—_r

—4

~

I....I....I....I.
Global Scale Uncenalnly91/

o
w
T T
0
1]
3
&
a
_:q
3
(=]
(=]
-

- Centrality 60-88%

C Giobal Scale Uncertainty 10.6% '

4/11/2012

S i R N SR T SR S
P, [GeVic]

2.2<y<-1.2
Calculations by Lansberg et al.
Add calculations using EKS98 nPDF set.

Difference in the calculation due to
differences in nPDF's only.

For central collisions calculations show
an increase in suppression with
Increasing p._.

Data shows the opposite trend.
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PH.ENIX Centrality Dependence

aerv.'1204. 0777

= JAy in d+Au atyjs =200 GeV
- EKS980, =42mb
' === nDSgo, =42mb

]

C Global Scale Uncertainty 8.6% ~ |y] <0.35 -

E Centrality 0-20%

s — T T T ?T_—_T —é

E Globlal Scalle Unl::elrlaintgqrI 8.2% I I I

= Centrality 20-40%
. | .

v b e e b e e e b e e b e e e b e b e
E Global Scale Uncertainty 8.7%

= Centrality 40-60%

RdAu

- Centrality 60-88%

~'Global Scale Uncertainty 10.3% |

d)

AN ISR AR AR BRI R RN
0 1 2 3 4 5 6

4/11/2012

T
P, [GeVic]

ly|] < 0.35
Same set of calculations.

Calculations w/ EKS98 and nDSg agree
In shape, but not overall normalization.

Relatively good agreement with the data
at all p_ & centrality.
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PH.ENIX Centrality Dependence

arXiv: 1204 0777

C Global Scale UncerlalnlyBO/ I 1.2 <y <22 3
ot a2 -
n:% 1,5:—_'n 9 Caps = S-2 M -
Centralltyo -20% e a}é
ZE_Gli:bbalSt:aleUnl::erlamtmrSG/ I I I _g ) 1.2 < y < 2.2
3 1 ¢ Same set of calculations.
*@“/ . ¢ Calculations w/ EKS98 and nDSg agree
:GlobaIScaleUncenalnty91/ I:::; In at IOW p_l_, d|Verge at hlgh_p_l_.
E — %[# E ¢ Qverall level of suppression over
Wi g e E predicted by calculations.
" E_Centrality 40-60% c}_E
g:él:t;t:ia':l:s:r.::a:lin:l.l:r':aée:ria:tihg‘:IE:J.:T;“/;: SEAMARERN iNRARS ]
& .,é;mm _______________________________ E
o ;_Centrality 60-88% dE
(iz'iaiéé%pr[éewc]c
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prZEnix Implications for CNM Effects in A+A

¢ Midrapidity:

¢ R, forlowp_=0.7 for central collisions.

¢ AssumingR =R %R (CNM)=0.5

¢ Observe RAA = 0.4 for central collisions.

¢ Forward Rapidity:

R, forlowp_=0.6 @ forward rapidity &

0.8 @ backward rapidity for central
collisions.

R, (CNM) = 0.5

“

“

¢ Observe RAA = (0.2 for central collisions.

¢ Crude estimate, but gives some
expectation of CNM effect in A+A.

4/11/2012 D. McGlinchey

AA

oc 1.4

1.2

0.

23]

0.6

0.4

1.2}

0.4f

0.2

0.2}

o 1.4f

o0.8f

0.6

_Phys. Rev. C 84, 054912 (2011)

= 2004 |y|<0.35

10% global sys,

:'IEE[*]
®

40-60% centrality
[+ 13% glabal sys.
1

- . 2007 1 2<|y|<2 2

—_— 20-40 ,aoentrsl ty
I+ 10% global sys.

owoer | R “
5 : m E}

1 60929 centrali

- WWND 2012

3 1 +19% global sys.
il | | | e | MTEE PR CEREE RETEE N | sl
L B S R T s 1 5 8 7
p_ (GeV/ic) pr{GeWc}
29



PHENIX Summary

« PHENIX has made new measurements of the p_ dependence of

dAu’

« J/Y measured over p_, rapidity, and centrality.

¢ Rapidity dependence is inconsistent with modifications which are
linearly or exponentially dependent on the nuclear thickness.

« p_dependence of R  Is similar at mid & forward rapidities with a
more rapid decrease In suppression with increasing p_ at backward
rapidity.

« Average R athigh-p_>1 at backward rapidity.

¢ Need a detailed understanding of CNM effects and their
propagation to A+A to understand hot nuclear matter effects.
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PH.ENIX Centrality Results

« JIY invariant yields vs p_ for each centrality.
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pnenix Centrality Dependence of R |
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PHZENIX Theoretical Calculations

1) 1° Calculation includes two components.

1) Gluon modification (shadowing) from EPS09 nPDF — parametrization of DIS+pA data.

-  Calculations are modification vs. nucleon impact parameter (r_) in the Au nucleus.

- Fold r_distribution with PHENIX centrality distributions calculated from Glauber MC.

2) Nuclear Break-up cross section o, — due to collisions of J/i with nucleons

- 0, =4 mb chosen to match
backward rapidity data.

—h
.
—

 Shows reasonable agreement

Ry, (0-100%)

over all rapidity, as expected 0.9
for MB data. -
0.8
NE 1'4j EPS09 LO 0-7;
LRES Ny — 0.6
- \ LO EPSO09 RG VS. -
o [ \ ' <= Bjorken x for Au 055" Global Scale Uncertainty + 7.8% S —
— no intrinsic 0.4 /
Centra“ty ) E —— EPS09 and Gbr=4 mb EPSQ09 Central
dependence 0.33_ 1 l 1 1 -|2 l 1 1 l -|1 1 1 1 1 ol 1 1 1 1 _|| | 1 1 | 2| 1 1 1 l 3
fo fo "Bjorkenx arXiv:nucl-ex/1010.1246
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PHZENIX Theoretical Calculations

1) 1° Calculation includes two components.

1) Gluon modification (shadowing) from EPS09 nPDF — parametrization of DIS+pA data.

-  Calculations are modification vs. nucleon impact parameter (r_) in the Au nucleus.

. Fold r_distribution with PHENIX centrality distributions calculated from Glauber MC.

2) Nuclear Break-up cross section o_— due to collisions of J/i with nucleons

. O'br:4 mb chosen to match
backward rapidity data.

—h
.
—

 Shows reasonable agreement
over all rapidity. As expected
for MB data.

2) Calculation by Kharzeev and Tuchin
(Nucl. Phys. A 770 (2006)40)

Ry, (0-100%)
o o o
N ® © 4

o
o

¢ Includes Gluon Saturation at low x

o
o

ITTTTTTTTTITTTTITTT T TTTITITTTITIITTTT
@ | ! ! ! | ! |

¢ Shows good agreement @ +y.

0.4 —— EPS09 and Gbr=4 mb
¢ Unrealistic at backward and mid rapidity. — — Gluon Saturation | |
0.3 | 1 1 | 1 1 | 1 1 | | 1 | | 1 | 1 1 | 1 1 1 |
- . . - -2 -1 0 1 2 3
¢ Validity uncertain for peripheral events? y

arXiv:nucl-ex/1010.1246

4/11/2012 D. McGlinchey - WWND 2012 35



N -
pnienx  Centrality DependentR
_ arXiv.nuclex/1010.1246
¢ Want to investigate centrality (impact [ i getu st sy cey

parameter) dependence.

¢ Divide into percentage bins based on BBC charge
(0% - most central, 100% - most peripheral.

¢ Calculations by the same models as detailed  °2 -

on previous slide.

¢ Must introduce centrality dependence into
EPSQ09 — arbitrarily choose linear
dependence on nuclear thickness (common

assumption).

0.8

0.6

R, (60-88%)

0.4

0.8

0.6

R, ,(0-20%)

0.4

0.2

¢ Shadowing + break-up does not describe
forward rapidity data for peripheral collisions.

¢ Gluon saturation model still describes data

well at +y.

4/11/2012
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Centrality 60-88%

Global Scale Uncertainty +10%
— Gluon Saturation

Centrality 0-20%
Global Scale Uncertainty £8.5%

...........................
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N

prenx  Centrality Dependent R

¢ Take the ratio of central R to peripheral __arXivinucl-ex/1010.1246
dAu [ J/yin deAuat\ s, =200 GeV ]

£ N

RdAu - ch 9 - .
g 0.8_— -]

¢ Significant reduction of systematic errors 8 . &
g [ Centrality 60-88% 3

¢ Shadowing + o, describes backward & [ ]~ Global Scale Uncertanty 10% ~
midrapidity well. oof —EPSDOEdo,Amy . ——

¢ Failure of Shadowing + o, to describe ch at 1 =
large y seems to be due to poor description § 08— =

of centrality dependence. % osf- -

¢ Gluon saturation model appears to provide @ & oaf Cenvaityozo e & 3
. . . | Global Scale Uncertainty +8.5% i

better description of the centrality sl e
dependence, although it is not clear how I ]
reliable it is for peripheral collisions where b 7
there should be less coherent effects. 08 -

S 0.6[— S

- Rd am(O B 2(“%) 04:_ Centrality 0-20%/60-88% T _:

R U — 20(/ — - = . B obal Scale Uncertainty +8.2% i

(0 = 208) = R (60— 55%) S S

-2 -1 0 1 2
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pHEnix  What does this mean for Au+Au?

nucl-ex/1103.6269

< [ R I R DL B B BRI
CaICUIafionZ ShZW ?A\NI\;I eﬁﬁCtS EPS09 II{1-4 m 2004 Au+Au, |y|<0.35, globalsys. =%+ 12% ]
extrapolated to Au+Au for (linear -
+ (eXponentiaI) nuclear bre(aku ) 1.2 e 2007 Au+Au, 1.2<|y|<2.2, global sys. =+9.2% —
p p bro
. 0.mb_]
Green curves — predictions for |y|<0.35 he:: N -
for each of 31 EPS09 sets for O, 3, 6, 9 0.l -
mb breakup cross sections " - :
4 i mo
0.6 T —
Magenta curves — same as green ]
curves, but for 1.2<|y|<2.2 0.4 6 mb_J
9mb
Bottom panel shows the ratio of data & 0.2 —
CNM predictions. .
'?-Iﬁ 16 =
— 14 —;
£ 12 =
HI_':'I'::§ 1 e e ___E
2 - ]
w 08 =
" oo L B E
0.4 AT B B B . .$. T PR ._:

0 50 100 15 EDD 25[! 300 350 400
Npart

4/11/2012 D. McGlinchey - WWND 2012 38



pHEnix  What does this mean for Au+Au?

nucl-ex/1103.6269
e T

< [ T T ]
v What dO we Iearn from d+AU: II{1-4_ m 2004 Au+Au, |y|<0.35, globalsys. =%+ 12% _:
o Llnear EPSOg W/ a 4mb breakup CS 1.2 l e 2007 Au+Au, 1.2<|y|<2.2, global sys. =+9.2% —
adequately describes backward & Eb;b_:
midrapidity d+Au data, not sufficient THE =
at forward rapidity. 0.8l =
¢ What does this imply in Au+Au: 0e 3 mb -
¢ Suppression at midrapidity 0 6 mb |
stronger than expected from d+Au ' 9 mb ]
alone. 0.2 3
¢ Can not make a similar statement L :
about the forward rapidity data until &3 16 E
we understand d+Au at forwardy. o 14 E
£ 12 =
¢ Linear EPS09 does not explain 5 1 globalsys. =+ 10.7% 3
difference of suppression with 2 0sE -
rapidity. " 06f- ¥ " |ﬂ $ £
¢ Still, clear evidence of hot nuclear matter %4 .. .. . . .. . . . $ T
effects, although not yet quantifiable. 080 100 150 200 250 300 350 N:DD
art
4/11/2012 D. McGlinchey - WWND 2012 39



i Enx  Simple Geometrical Model

¢ Would like to understand how the suppression
depends on centrality.

¢ |In d+Au relevant parameter is transverse
position of the struck nucleon in each N-N
collision — r_

¢ Use Glauber MC of N-N hit positions in d+Au
events to generate r_ distributions.

0-20% Central ¢ Use a simple parametrization of the nuclear
modification based on the density weighted
longitudinal thickness in the Au nucleus -

A(r)).
20-40% Central T 1
A(rr) = — / dzp(z,rT)
40-60% Central £0 \
60-88% Central Woods-Saxon

¢—— Resulting r_distributions from MC
R ) ('fm1)2 for PHENIX centrality bins.
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P ENIX R, from Geometric Modification

Consider, for example, three functional forms for the nuclear modification vs
nuclear thickness at r_, A(r_), with one free strength parameter a

M(rr,a) =1 — aA(rr)
M(rp,a) =1 — aA(ry)?

M(rp,a) = e A7)

The modification factor R , ~ for a given centrality bin (/) is then given by

Rdiﬁlu?i(ﬂ.) = f.g_('f'T ):\f (rp,a)drp

/" ™\

r_distributions Modification vs A(r_) and
from PHENIX MC free parameter a
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NPDF Comparison

be 0%=1.69 GeV?)
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