~—
PH ENIX

Quarkonium Results at PHENIX

Marzia Rosati
lowa State University

M. Rosati  9/26/14



PHENIX J/y Measurement

=J/P is mostly produced by gluon fusion,
and thus sensitive to gluon pdf

= Phenix probes different momentum
fraction of Au gluons
»South (y < -1.2) : large X, (in gold) ~
0.090

»North (y > 1.2) : small X, (in gold) ~
0.003

»Central (y ~ 0) : intermediate X, ~ 0.020
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PHENIX J/Wp Measurement in A+A

> 200 GeV
= Au+Au
= Cu+Cu
= Cu+Au
= U+U

> 62.4 GeV
= Au+Au

> 39 GeV
= Au+Au
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200 GeV

Suppression in Au+Au at 200 GeV Au+Au
Cu+Cu
§14:.—.—.—.-|] PHENIX, PRC 84, 054912 (201 1)1 Cu+Au

m 2004 AusAu, lyl<035, global sys.=+12% ] U+U

e e 2007 AusAu, 1.2<lyl<2.2, global sys. =+ 9.2%—; 62.4 GeV
‘ — Au+Au
0.8 = 39 GeV
- ] Au+Au
06 ]
04 @@@@H . " ; 3 » Smooth
3 " E, ; 3 E suppression with
- E":' - ! ey ?] . E InCI’eaSIng
B g[S e _
: }.f%?‘ E collision centrality
ol swaiss =207 3 Forward rapidity
g 0% : § $ E more suppressed
£ g B ® ¥ 3

than mid-rapidity
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.. 200 GeV
J/W Ry a, VS Collision energy AUt AU
Cu+Cu
Cu+Au
6 PRC86, 064901 (2012) | U+U
r n R,.(200 GeV) PRC 84, 054912 (2011) 62.4 GeV
= Global sys.=+9.2%
14 ° RLA:)GZIAyGeV) = PHENIX data/our estimate AU +AU
Global sys.= + 29.4% 39 GeV
1.2 A R, (39 GeV) = PHENIX data/FNAL data Au+Au
Global sys.=+ 19%
1.. | e
50.8 Jiy - up, 1.2 <|y| < 2.2
N 62 GeV suppression
-oF E{E@ follows the trend of
0.4 i lw i . the 200 GeV and
0.2 SR constrains theoretical
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. 200 GeV
J/W Ry ay VS Collision energy At Au
| Cu+Cu
Theory comparison Uty
=——— X. Zh R.R J+U
=—— X. Zhao, R. Rapp 62.4 GeV
I Phys Rev €82 Oi4(92805G(3)0P]R(03)84 054912 (2011) Au+Au
- Theor | AA e ,
I< d 200 Ge Global sys.= = 9.2% 39 GeV
= gg gez °® Raa(62.4 GeV) = PHENIX data/Our estimate Au+Au
— © Global sys.= = 29.4%
1 A R,A(39 GeV) = PHENIX data/FNAL data
Global sys.= + 19%
e, 62 agrees with data,
...... .. suggesting similarity
ol B L S E of Ry, from 39 to 200
; Dlrect(x05) ........ GeV originates from
. Regeneration (x0.5) - - cancellatl_on of
T suppression and
!,‘,‘ *.:"=’===:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=====:=:= regeneration
- | I:!I | | I-I\'I“I’ |"I'-I 11| | | I I | | | I I | | 1 1 1 1 | | I I | | | I I |
10°0~""50 " 100 150 200, 250 300 350 400
|] PRC86, 064901 (2012) | Au+Au N__.
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J/W Rua vs System Size

N L L

- 1 1 1 I 1 1 I I

Mj . PHUENIX Jhy—up
| i L2y22 _
O U+U 5,193 GeV (gl sys. 8.1%) |

% pp reference: {s=200 GeV X 0.964
o AutAu \s, =200 GeV (gl. sys. 9.2%)
I 0 CutCu 3, =200 GeV (gl. sys. 8.0%) |
[ i -

Nuclear Modification Factor,
=

PR T R S (N T NN SR TR N N SN SN TR NN ST SR SR S R
0 100 200 300 400
Number of Participants

200 GeV
Au+Au
Cu+Cu
Cu+Au
U+U

62.4 GeV
Au+Au

39 GeV
Au+Au

» Qualitatively similar
suppression from
Cu+Cu to U+U.

> Somewhat weaker
suppression in central
U+U collisions? Higher
coalescence?
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200 GeV
) ] o Au+Au
J/W in Asymmetric Collision R¢a, Cu-+Cu
Cu+Au
U+U
62.4 GeV
arXiv:1404.1873 Au+Au
> T T T T ] 39 GeV
Mﬁ J—-uu . Au+Au
§1,o ......................................................................................................................................................... i
E CutAu \5,,=200 GeV (gl. sys. 7.1%) | _ _
o 012<y<22 0 -2.2<y<-12 1 » suppression in
-% @ AutAu [5q=200 GeV (gl. sys. 9.2%) | Cu+Au comparable to
= 0.5 | i Au+Au but somewhat
g %@ smaller
5 o8 .
5 B g @ .
2 » Cu-going more
S0 20 300 400 suppressed than

Number of Participants Au-going.
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200 GeV

_ Au+Au

J/W in CuAu Cu+Cu
Cu+Au
U+UuU

62.4 GeV

— Au-+Au
Jhy—up *CutAu : 39 GeV

arXiv:1404.1873

I I I I I I | | | | I I I I I

[u—
[\
[

e Forward: 1.2<y<2.2 =CNM Calculation AU+A
Backward: —2.2<y<-1.2 U+Au

> CNM effects:

= Cu-going R,, probes
low x gluons in Au
long proper crossing
time.

= Au-going R, probes
low x in Cu, short
proper crossing time.

Ratio: Forward/Backward
¢ o
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CNM = EPS09 + 4mb breakup (Phys. Rev. C84, 044911, 2011)
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PHENIX J/ Measurement in d+Au

Phys. Rev. Lett. 107, 142301 {2011)

C Wy mcm-r\-_,,-zoocov \\

» Strong centrality
dependence not
expected from
EPSO9 or
breakup cross
section

R,..(60-88%)

R, (0-20%)

Global Scale Uncertainty +8.5%
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YY" and J/Y¥ Ry, at midrapidity

- -
N A

A g

RdAu
© o
(o)) (00 —

© ©
N B

o

PRL111, 202301 (2013)
- '"o'g'l'l;'lé"'""""""""'; > ¥ is ~3 times
- obal Sys +27.8% .
- = J/v Phys.Rev.Lett. 107, 142301 (2011) - more _
- Global Sys + 14.6% : suppressed in
mE— ) AU SR - most central
- i 2 . collisions
2 I 'y | s+ 1 thanJ/v.
- 1 > Very different
- . trend with
§|y|<9.35 \/ISNN=2IOO GeVd+Au 1 } | . Neov:
0 2 4 6 8 10 12 14 16 18

NcoII

M. Rosati 9/26/14

11



¥Y'/ J/Y¥Y ratio

PRL111, 202301 (2013)
2 E > Bound ccbar
> E cross nucleus
§ 1 as a
§ .0 E preresonant
g : 5 NASD —: state
e | - ¥ and /¥
§ 0-25_ } | ‘—F.Arleoet‘al. _5 should have the
_ 10" same
Quarkonia time in nucleusT(t)z[fbnii] L SUppFESSi on
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Relative suppression of ¥’ and J/V¥

Relative Modification (y'/J/v)

© © ©
N B O
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- ©  NAS0 p+A E modification in all
- 0 HERAB p+A - systems follows

; ® PHENIXd+AuMB - Y

- A NAS50 Pb+Pb - common trend
<% ______________ V. NA38S+U - with increasing

i z%% E produced particle
- \+ E density.

- +# 1 » Co-mover (or

: Jff& iﬂﬁ\ ] medium) density
s % E seems to be the

1 | | 1 1 III%Io | | 1 11 II1I60 | | 11 I11I6[00 relevant quantity.
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PHENIX Y(1S+2S+3S) Measurement

> Mass resolution doesn’t unable PHENIX to
separate the 1S+2S+3S states.

2 F __TOTAL (a)
= | np— Y(1S) t
> F =2 12s) b 2006 run
g 0.08 B
.e -
E T
VO.06_

0.04

0.02[-

0
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Y cross section in pp at mid-rapidity

]
[l arxiv:1404.2246 .

—F U =
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— = B

10%E ‘/-Eﬁ*-\ [ o PHENIX
PR - Y : ~ 10" & © world data
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Y Invariant Yield/N, versus N,

arXiv:1404.2246 ]

\©
——b

> xlO_
2
Z 4
9 " p+p
ol o Au+Au MinBias For central
g3 e Au+Au Centrality Split Au+Au collisions Y

< ! ! invariant yield at mid-
Nl rapidity is reduced
@ T + relative to expected
‘cﬁ 1~ N scaling
& |
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Y R, Vs Collision Energy

m::t 13- PHENIX Y(1S+2S+3S) \Su,0, =200 GeV  |y|<0.35 > Expected maximum RAA:
1.6_—0 CMS Y (1S+2S) %=2.76TeV Y] <24 NO 25 and 35 065 + O'l '|
1.4_— 40% Global Syst. Uncertainty PHENIX No 25’ 35 and ChiB: 037 + 009
1.2 — 25% Global Syst. Uncertainty CMS
1
os|-4 ¢ » Measured Ry, consistent with
06 ; melting of 25+ 3S.
i ? ?
0.4_ 0 o o
0.2/~ » Consistent with LHC results for

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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Comparison to Theory (l)

arXiv:1404.2246

mfflzj:ﬂ e, avs. ~Model based on rate
E S egenerated equation by Emerick,
¢ PHENIX Zhao and Rapp

[Eur. Phys. ). A48,72(2012)]

06 »Model includes Y
04 primordial formation,
. nuclear absorption
- and regeneration
0 [, Clahalul M RN SR (N TR [ SR N S A T

0 50 100 150 200 250 300 35roN4oo (very small at RHIC)

rt > Model consistent
with data
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Comparison to Theory (Il)

< ﬂ aniv:1404.2246 ] » Potential Model with
oz e PHENIX Y(1S+2S+3S) finite momentum-
space anisotropy by
Strickland and Barzov
[Nucl.Phys. A 879,23(2012)]

A potential B

~ Data prefers model
with potential B which
includes entropy

500 .

N contribution to the

free energy but unable

to constrain n/s

-

b= |
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i
otential
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PHENIX 2014 Au+Au dataset

Heavy ion runs

1000
_ _ = 900 |
» Integrated luminosity =
Z 800 f
(|]z]| £30 cm) =
£ =6.6 nb! |
g 00 b—i——-t—p—f—pfHf—f——f——f——f———
= x5 2010 dataset g s00 pP—rt—t—o A e
= X8 2007 dataset £ 400 | —
g 2012 Cu-Au
= 300
E‘, 200 |
= 100 }

Time |weeks in physics]
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In 2015 RHIC pA Run
Projected uncertainties for J/¥ and ¥V’
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Ryay VS binding energy

PHENIX PRL 111, 202301 (2013)

1.2 |y|<0.35 |/5,4,=200 GeV d+Au
1:__________________ N N
© -
C 0.6 }
0.4 -
- o Feed-down Corrected J/y — e'e
02 Global Sys. +3.4% Lo
0: |||o|allly|s|.|—||-| |°|I|Al||\Vl'|>le.|’.el-||||lllllllll
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Quarkonium Binding Energy [GeV]
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RdAu
>

1.4

1.2

0.8

0.6

0.4

0.2

1.6

RdAu

1.4

1.2

0.8

0.6

0.4

0.2

Upsilons in d+Au at forward rapidity

T T T T I T T T T l T
IS\ =200 GeV @

T I T T T

T l T T T

T ] T T T

T

Y(1S+2S+38) — u*w’, Iyl €[1.2,2.2)(PHENIX) ]

Jhy — I'T, y €[-2.2,2.2)(PHENIX)

+ 7.8% Global Uncertainty

P IR

(@

P R

P R

ISy =200 GeV @
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PR NI ST N BT
—t | t 1t t | t T T 1

+ 7.8% Global Uncertainty

1 I 1 1 1

(b)

I T T T T
Y(1S+2S+3S) — u*w, lyl €[1.2,2.2)(PHENIX)

NLO EPSO09 for Y (1S+2S+3S)(Vogt)
with o, : 0 to 8 mb by 2 mb
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w
'
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\\\\\\\\\\\

0
Rapidity

w

PHENIX, PRC 87, 044909 (2013)

Suppression consistent with NLO
+EPSO9 trend
(R. Vogt, PRC C81, 044903, 2010)

Unable to constrain breakup

cross section due to large
experimental uncertainties.
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