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Probing the Quark Gluon Plasma pMm
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e QGPis strongly coupled; can be described by hydrodynamics
* |nteractions of heavy flavor quarks are still under investigation

 Heavy flavor quarks play a special role due to their large mass
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e QGPis strongly coupled; can be described by hydrodynamics
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Rapidity dependence of QGP interactions
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Rapidity dependence of flow
gives access to the longitudinal
dynamics of the QGP

Heavy flavor and quarkonia
dynamics have rapidity-
dependent initial state effects
Does rapidity influence heavy

flavor v,?
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The PHENIX Experiment PHZENIX
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CENTRAL ARM (Electrons)
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Tracking: DC, PC, VTX
elD: RICH, Emcal

BBC (Event Characterization)
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e Centrality, z-vertex and EP
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* Tracking: , FVIX Run 14 Au+Au 200 G V(1QB MB events)
_ P un u+Au e events
MulD: Muon Identification detector Run 16 Au+Au 200 GeV (15B MB events)
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Inclusive HF R,, and v, pMm
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Separated Charm and Beauty R,, and v,
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Clear mass ordering observed between (b — 1)
and (¢ — l) at RHIC for both Ry, and v,
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Single Muon Analysis pMm

)
DCAR distribution for heavy and light flavor muons
. .06 Au+Au 200 GeV, i ST _
S [ simulation PH " Ele Hadron (e.g. Kaon or a charged pion) MulD
% ook 1 22n>2.0 preliminary ookt
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* Track quality cuts to purify muons from heavy flavor

* Extract v, for hadrons and inclusive muons

 Tuned MC simulating precise particle ratios to separate muons from light and
heavy flavor decays
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Using tuned PYTHIA+GEANT4 embedded in real Au+Au events we can o S R

extract the inclusive muon fraction il 55_ —

. . . . TR g

Extract the HF muon fraction by comparing data to tuned simulation — 4} =

with HF contribution excluded 3F —— E
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Determine heavy flavor muon v, in the inclusive muon sample: 11-_,,_—_-_—;'_'_“, T
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PHENIX Charged Hadron v, Measurement pMD(

)
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eavy Flavor v, Measurement PHZENIX
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e Hint of rapidity-dependence
of charged hadron v,

* Open HF v, is consistent with

previous PHENIX results at
mid-rapidity
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eavy Flavor v, Measurement PHZENIX
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e Hint of rapidity-dependence
of charged hadron v,

* Open HF v, is consistent with
previous PHENIX results at
mid-rapidity

* HF particles flow with the
QGP, but less than charged
hadrons
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J/Y Nuclear Modification
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J/W Nuclear Modification (R,,) p%m
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J/LP
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Elliptic Flow
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- —— initially produced [31] 14 16
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- == initial + coalescence [34] . . T
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e % 0 Significant non-zero v, is observed at LHC
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)/ Signal Reconstruction (J/ = u*+1)  pHZENIX
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PHENIX J/ v, Measurement PH._ENIX

7
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PHENIX J/{ v, Measurement PH-“ENIX
< 0'3: AutAu - JAp + X Syy = 200 GeV
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0_—---+ --------- ------------- % --------------------- at RHIC are consistent, but the
- uncertainties are large
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PHENIX J/ v, Measurement PH._ENIX
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Summary and Outlook pM?\ux

Z
Midrapidity:
* R4 > Rj,
o VI > S > vl
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Summary and Outlook pM?\ux

Z
Midrapidity:

* R4 > Rj,

o VI > S > vl

Forward Rapidity [unique coverage for PHENIX]:
» h* v, results consistent, but may hint at a rapidity dependence

e Muons from heavy flavor decays flow (v5'* > 0)
 (Open heavy flavor flow is consistent between rapidity regions at RHIC

9 Conclusion



Summary and Outlook pM?\ux

Z
Midrapidity:

* R4 > Rj,

o VI > S > vl

Forward Rapidity [unique coverage for PHENIX]:

» h* v, results consistent, but may hint at a rapidity dependence
e Muons from heavy flavor decays flow (v5'* > 0)
 (Open heavy flavor flow is consistent between rapidity regions at RHIC

 PHENIX forward rapidity J/¢ v, is consistent with O
* J/Y v, measurements are consistent between rapidity regions at RHIC
 The ALICE result is distinctly different than our measurement

9’ Conclusion
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PHENIX Separated ¢ and b v, p%m

)
V,¢(c—e) v,2(b—e)
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* Vv,(c = e)is positive within ~3.50 and follows trend of hadron charged v,
* Vv,(b = e) appears positive within ~1.10
* Mass ordering is seen similar to R,, measurements
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Radial Distance of Closest Approach pM|X

AN

* DCA, is determined by projecting the 3D visualization

particle track determined by the FVTX of DCA,
onto a plane in the z-axis located at the
initial collision point
e Essentially this is a measurement of the 4
distance from the primary vertex at s
which a particle was produced, i.e. fora £ 5 r-z plane
prompt particle DCA, =0 g - visualization
> of DCA,
R

* With a precise measurement you can
separate detected muons according the
particle from which they decayed

DCAR|
- 3. ¥

~ IR]
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Anisotropic flow mechanisms pMm

7N
e Path-length dependent dissociation

* Charm equilibration and J/{ regeneration
* Primordial J/{ equilibration LN 1 dN

dp  2mpr dydpr

z(® y

Emitted -«
Particle <

Reaction
Plane

Adp

Participants

Spectators

Colliding Nuclei
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Event plane method: In/Out Ratio PHZENIX

&)

In/out ratio method (for v,):
Ap = ¢ -,

Nout = A € [/4, /2]

UZObS _ n Nin — Noyt
4 Nin + Nout

JIA
O .. obs

vghs 2(Njy + Nyt )? . \/(Nouto-in)z + (NinOout)*
in ou

e UZObS s O'vgbs
2 Res V2 Res
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J/Y yield in plane and out of plane (South)
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