System-size dependepce of
Quarkonia from PH-<ENIX
Richard Hollis

UC Riverside
(On behalf of the PHENIX collaboration)

| RHIC&AGS

.." II | 1’ - [ l]
Annual Users; Meeting
Hnste_l:_IFw_.r Brookhaven National Laboratory




Outline

* Motivation

« PHENIX Detector
* Methods

* Results

e Summary

June 9th 2014 Richard Hollis



8 /> . .
.+~ Motivation:

3 Why study the system-size dependences?

* In the early days we would

Phobos,Phys. Rev. C 83, 024913 (2011)

have said: 40

= [ Total Charged-Particle Multiplicity ({5, =200 GeV)
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— “Turn on and turn off medium G

30 - Sagae tu'f:
effects” - » nn

20:— * h CutCu
B d+Au

« From an analysis point of top
view: N T

— “Can better measure central
collisions, better control of
systematic uncertainties”

e Probably now we might say:

- “Subtle physics effects may be
borne out of detailed
comparisons...”
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PH: <ENIX Detector

Central arm: Focus on electrons
EM Calorimeter (e*/e")
VTX — flavor separation (2011+ Upgrade)

Measure:
Jy, v, Y > e'+te”
Single electrons

RPC3 -
A «%%
Forward arms: Focus on muons ||||||

Muon Tracker/ID (u'/u")
fVTX — flavor separation (2012+ Upgrade)  zocsoun
¥ South Side View North

M
Measure:
Jhy, y', Y & pi+pe
Single muons
B 185m= 601t
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Measuring Quarkonia in PH-<ENIX

Phys. Rev. C 90 064908 (2014)

Z15000F @ o .
Y M eth O d " 6 - Cu+tAu Centrality 0-10%  {} Cu+Au Centrality 0-10%
. b =2 Qay=-12 Al Pairs of | 1 2=y=22 All Pairs
e Mixed-Event Pairs @ | Mixed-Event Pairs ©|
- * 4} -
— Calculate invariant 10000 °, i -
L e |
mass from decay - Jly - g
leptons so0l %, 1 :
T |
I L= !
* Jv, (W), Y 2 uu : ke (I
1) E—— %%a"‘"""! — ' M
[ Forward arms % T L L L L L B L DN B
5 2000 -(c) 1) .
5 | Cut+Au Centrality 0-10% || Cu+Au Centrality 0-10% |
F—22ay=—-12 1t 1.2=y=22 .
1500 [ Background-subtracted Pairs »][ Background-subtracted Pairs e
- 4 Double Gavssian Fit —
[ t
1000 t 1 n
} i A
S NS T L
_ | A SN ]
et S T
RTY ' M ' 1
H |+% +| L1 | 1 1 1 | 11 1 1 4Hd I++I 1 1 | 11 1 1 | | I I |
2 3 4 2 3 4

June 9th 2014 Richard Hol Invariant Mass [Ge‘{,—'cl]


https://www.phenix.bnl.gov/phenix/WWW/info/pp1/163/PhysRevC.90.064908.pdf
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.. Measuring Quarkonia in PH--ENIX

e Method: ] Phys. Rev. C. 91 024913 (2015)
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http://journals.aps.org/prc/pdf/10.1103/PhysRevC.91.024913
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. Collision species collected

N

* p+p baseline reference
 d+Au nuclear reference*
 Au+Au main dataset

e Systematic Studies:

- Smaller system: Cu+Cu
- Asymmetric system: Cu+Au
- Larger system: U+U

*d+Au is not to be considered a “reference” system as it
has revealed its own swathe of interesting physics effects
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Perlpheral Cu+Au:
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Measuring Quarkonia in PH-“ENIX
Challenges at high-multiplicity

Central Cu+Au
High Background
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Measuring Quarkonia in PH-“ENIX
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= Nuclear Modification Effects
" mpting effects from HOT and COLD nuclear matter

Color screening Gluon (anti)
Recombination shadowing
Coalescence Initial state energy
| loss

p_ Broadening _
T QQ-bar breakup Iin
Collective Flow target nucleus
Final State Energy loss Gluon saturation

Separation of HOT and COLD effects
not clearly established experimentally
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_
. PHENIX: Multiple Parameters

System Size/
Collision Asymmetry

Change the relative contributions
of Cold and Hot nuclear matter effects

Centrality

Suppression vs path length

Collision Energy

Change system energy density

Momentum  Rapidity

Probes different gluon

Hard collision dynamics
= / (anti)shadowing

Heavy/Light Particle Species

Mass ordering of suppression Break-up, Temperature?

Each parameter probes different
admixtures of nuclear modification
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Lhys. Rev. Lett. 107 (2011) 142301
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full rapidity distribution

=

Au % - d

June 9th 2014 Richard Hollis 12


http://link.aps.org/doi/10.1103/PhysRevLett.107.142301

Jhy versus '

Central arms (electron channel
Phys. Rev. Lett. 111 (2013) 202301
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e y' more suppressed in central d+Au than J/y

« Smaller binding energy — more sensitive to final state effects

More systematic studies are possible in He+Au, p+Au, and p+Al datasets

at forward, backward, and central rapidities
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.111.202301
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. Jy comparison to Heavy
Flavor |n d+Au Forward arms (muon channel)

Phys. Rev. Lett. 112 (2014) 252301
N n - " - q L —
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« Jhy additionally sensitive to cc breakup by the nuclear

maltter:

- Longer crossing time in nucleus?
- Higher co-mover density at backward rapidity?

June 9th 2014 Richard Hollis 14


http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.252301

* p+p and d+Au
- Understood in terms of measurements
- Not understood in terms of physics

- Supposed to be “Cold-nuclear-matter”
* |.e. no “Hot-nuclear” effects

* More recent studies of bulk
properties in d+Au indicate
“medium-type” collective effects

- Adds more questions than

anSwers...
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R . .
. J/yin Au+Au collisions

« Au+Au datasets: 200 GeV (62.4, 39.6 GeV not shown)
Phys. Rev. C84 (2011) 054912
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http://journals.aps.org/prc/pdf/10.1103/PhysRevC.84.054912
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Y family in Au+Au collisions

Phys. Rev. C. 91 024913 (2015)
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http://journals.aps.org/prc/pdf/10.1103/PhysRevC.91.024913

Y family in Au+Au collisions
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445 s
melting T/T

Phys. Rev. C. 91 024913 (2015)
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 Y(1S+2S+3S) suppression in central
collisions

- Consistent with complete suppression
of Y(25+3S)
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Y family in Au+Au collisions

Phys. Rev. C. 91 024913 (2015)
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Collision System: Cu+Au

150 — 1 T T T T T
B - AMPT Model wio string melting .
P 5 120 |- Mini. bias Cu+Au@200 AGeV .
;‘ £ N
- > -~ I — oo > @ B L .
| | 7 8 X
\7/ \\\ - // E an fr/ X —]
o S I f _
Cu Au S £ \
5 60 — ;“f ‘\‘ _
— Backward Forward - A Mo
D 30 — A N —
5 ¥ g
U | | | | | | | I
-6 -4 72 2 4 6
« Forward/Backward asymmetry M mn

1.2<|n|<2.2
- Along the beam axes n

- Initial asymmetry — asymmetric distribution of final particle density is
expected

 Jhyin Cu+Au
- Asymmetric CNM effects

- HNM effects — possibly asymmetric?
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Collision System: Cu+Au
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« Forward/Backward asymmetry M mn

1.2<|n|<2.2
- Along the beam axes n

- Initial asymmetry — asymmetric distribution of final particle density is
expected

 Jhyin Cu+Au
- Asymmetric CNM effects

- HNM effects — possibly asymmetric?
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Probing Cold and Hot
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e« HOT Number of Participants
— Similar suppression in Cu+Au compared to Au+Au (Au-going)
« COLD:

- Forward (Cu-going) more suppressed than Backward
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https://www.phenix.bnl.gov/phenix/WWW/info/pp1/163/PhysRevC.90.064908.pdf

Disentangle Cold

<xX2> <x1>

Phys. Rev. C 90 064908 (2014)
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https://www.phenix.bnl.gov/phenix/WWW/info/pp1/163/PhysRevC.90.064908.pdf

Disentangle Cold

J.Nagle, A.Frawley, L.Levy, M.Wysocki,
PRC 8£|l Ofl49|11|(2(l)11|)
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CNM effects — asymmetric in rapidity

« Shadowing effect comparable with data

« Not considering other mechanisms, e.g color
screening (will increase the ratio)
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U+U collisions

More Dense System:

ﬁ -é] ~ | | 1 1 | I 1 i
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Number of Participants

Observed weaker suppression in central collisions in U+U?
Higher coalescence? (PRC 84, 054907 (2011))

Manuscript currently under collaboration review.
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http://journals.aps.org/prc/abstract/10.1103/PhysRevC.84.054907
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