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Quarkonium Suppression a Signature for Deconfinement

® Original idea of color screening (Matsui and Satz 1986): T/TC 1/(r) [fm]

o Quarkonium in QGP suppressed
(Debye screening of QCD)

» Sequential melting of quarkonium states
as QGP thermometer
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@ Alternative Scenario Statistical Hadronization x(1P)  w(2s)

» Color screening
¢ Recombination at phase boundary

® Cold Nuclear Matter effects
» Nuclear parton distribution functions
+ Nuclear absorption
+ Hadron comover dissociation

To date no agreed upon interpretation

of quarkonia measurements
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Charmonium Production in A+A Collisions:
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Charmonium in Small Systems:
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Charmonium in Small Systems:

Vacuum CcC
formation: precursor

collision
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The PHENIX Experiment

Central Arms
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Vertex tracker (FVTX) 7

1<n/<3 .7 ; Vertex tracker (VTX)
Improved pp mass resolution ml <1.2
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The PHENIX Experiment

4 disks per arm (z = 20, 25, 31, 38 cm)
48 overlapping sensor wedges per disk

each wedge: P Muon Arms
2 columns of strips 2.8 to 11.2 mmin ré ! 12<n|<22

75 pm spacing in r I, ' pp
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Vertex tracker (FVTX) 7
1<n/<3 .7 Vertex tracker (VTX)
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Improved pp mass resolution m| < 1.2
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Improved Mass Resolution with FVTX

® 'y pair detection

FVTX: tracking before absorber
absorber: dE/dx and 68,

MuTr: momentum after absorber
MulD: p identification

¢« & & @

® Mass resolution w/o FVTX
o p-resolution negligible
o dE/dx correction ~50%
o 90, contribution ~50%

absorber

104

® Mass resolution with FTVX
o p-resolution negligible
o dE/dx correction ~100%

counts/(50 MeVc?)

» 388, contribution negligible "

With FVTX y’ peak of

clearly visible

“. 6,,~145 MeV
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Avalilable Data Sets

® Available data sets at Vsy, = 200 GeV
PHENIX: arXiv:1609.06550

Collision system

Rapidity interval

NEe) | N©2s)

ptp
p+Al
p+Al
p+Au
p+Au
‘He+Au
SHe+Au

1.2 < |yl < 2.2
1.2 <y < 2.2 (p-going)
—2.2 <y < —1.2 (Al-going)
1.2 <y < 2.2 (p-going)
—2.2 <y < —1.2 (Au-going)
1.2 < y < 2.2 (*He-going)
—2.2 <y < —1.2 (Au-going)

17120392 |519+51
1497142 | 52+11
1463109 | 25+11
38931147 |117L18
3561£180 | 51+£18

959+64 |[2749.3
1772132 | 35£15

® v’ to J/y ratio
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p+p Data

PHENIX: arXiv:1609.06550

backward forward
‘g [ a) 200 GeV p+p § 1%t b) 200 GeV p+p
o 10 -2.2<y<-1.2 o 1.2<y<2.2
= i =
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w'n mass (GeV/c?) wrn mass (GeV/c?)

Jhy and y’ yields consistent

in forward and backward rapidity
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v’ to J/y Ratio for p+p Collisions at 200 GeV

® Integrated v’ /(J/vy)

pp
B¢' o
pp “Pr _
79 = 2.43 + 0.18(stat) + 0.29(sys)
B upn 91/
PHENIX: arXiv:1609.06550
—_ 5: e PHENIX preliminary
& B CDF p+p
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Sun  (GeV)

NN

» not very sensitive to Vs

Good agreement with world data

vy’ /(Jly) and cc cross section
approximately factorize
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® v /(Jy)vspr
o PHENIX data is not feed down
corrected

PHENIX: arXiv:1609.06550

¢ PHENIX 200 GeV p+p, 1.2<|y|<2.2
¢ PHENIX 200 GeV p+p, |y|<0.35

| LHCb 7 TeV p+p (prompt)

! HERA-B 41.6 GeV p+A

{ E789 38.8 GeV p+Au

| CDF 1.8 TeV p+p
CEM, 200 GeV
1.2<|y|<2.2 H

o
2_&4#'** *il I

0 1 2 3 4 5 6
o (GeV/c)

10

v(2s) v(1s)
By Oy / Bl Oy (%)

» Only moderate p;dependence

» Small deviation around 2-3 GeV
possibly related to bottom feed
down
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p+Au Data

PHENIX: arXiv:1609.06550

=

backward forward

200 GeV p+Au
1.2<y<2.2 (p-going)

)
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consistent J/y yields and

visibly smaller y’ yield Au-going rapidity
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p+Al Data

—

PHENIX: arXiv:1609.06550

backward forward

% fc) 200 GeV p+Al | & - d) 200 GeV p+Al
%J 102§ -2.2<y<-1.2 (Al-going) % -|02§ 1.2<y<2.2 (p-going)
o ; o -
© 0
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wr mass (GeV/c?) wn” mass (GeV/c?)

Low ’ statistics,

Indication for smaller y’ yield Au-going rapidity
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SHe+Au Data

PHENIX: arXiv:1609.06550

’I:> G—
backward forward
§ = g) 200 GeV *He+Au % 200 GeV *He+Au
S 102 T -2.2<y<1.2 (Au-going) 2 102; 1.2<y<2.2 ( *He-going)
| N =
=2 t L2
I @ :
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1F 1
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Low ’ statistics,

Indication for smaller y’ yield Au-going rapidity
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Double Ratio vs Rapidity

® Double ratio method minimizes systematic uncertainties
» acceptance x efficiency factors cancel

» Branching ratios cancel
o Insensitive to cross section changes that effect both J/y and vy

:|p+p

Oy (2s)

0.5

p/°He+A
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Oy(2s)
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PHENIX: arXiv:1609.06550

PHENIX |'s,=200 GeV
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¢ °He+Au .
l ¢ p+Au —p+Au co-mover
¢ p+Al —p+Al co-mover
Od+Au PRL 111 202301 (2013)
| 1 A A | 1 1 L |
-2 0 2
*E.G. Ferreiro PLB749(15) 98 rapldlty

pP(He)-going side like pp

y’ is suppressed on A
going side
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Comover Dissociation of Quarkonium

J/ v t Tfieezeout ; . -
Dissociation by comovers

/ formarzon W|th Cross SeCtIOI’l alP' and 0' /II)

Given transverse comover density p¢°

comovers
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Comover Dissociation of Quarkonium

PHENIX: arXiv:1609.06550

from AMPT

Approximate comover density: p¢® « (Z—:) /(ST)

o 1.5 PHENIX '\'IISNN3= 200 GeV
+ ¢ He+Au
.—.n'ﬁ — ] ¢ p+Au

g g ¢ p+Al
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\'syy = 5.02 TeV
i p+Pb, LHCb
JHEP 1603 (2016) 133

#p+Pb, ALICE
JHEP 1412 (2014) 073
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transverse size
from Glauber MC
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Comover Dissociation of Quarkonium
from AMPT

PHENIX: arXiv:1609.06550

. . dN
Approximate comover density: p¢® « (d—y) /(ST)
transverse size

. 1.5 PHENIX |5, =200GeV sy =5.02TeV from Glauber MC
¥ ¢He+Au { p+Pb, LHCb
,n:__‘—___‘. i ép+Au JHEP 1603 (2016) 133

-+ L ¢p+Al #p+Pb, ALICE

5 5 JHEP 1412 (2014) 073
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summary

PHENIX measured y’ over Jhy small systems Vs 200 GeV
s p+p, p+Al, p+Au and 3He+Au

» forward and backward rapidity 1.2 <|y|<2.2

® v’ over J/y In p+p collisions
o Consistent with data at other collision energies
» cc production and Jhy, y’ formation approx. factorize

® v’ over J/y Insmall systems

o Forward rapidity (p/He-going) consistent with p+p collisions
» Backward rapidity (A going) ¢’ Is suppressed

Y’ suppression is consistent with comover dissociation within
large experimental uncertainties
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Thank you
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