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Introduction

» The quark gluon plasma (QGP) is a hot and dense

state of matter created in high energy nuclear /A
collisions where quarks and gluons become VR :
deconfined
» Heavy quark (charm and bottom) production is a SR _
powerful tool for probing the QGP AR :
* Large mass (Mc~1.3 GeV/c2, Mp~4.2 GeV/c?) %M‘WV &
means they are only produced in initial hard
scatterings e Ezaril\)f{crs‘c — .
« PHENIX measurements for nuclear modification (Raa) > ¢ ¢ |Critical Point
and elliptic flow (v2) of heavy quarks probe unique 2" crossover / Quark-Gluon Plasma
QGP properties, which are reflected in modifications g [ “transition
to yield and azimuthal distributions - _ Deconfinement
« There is expected to be a mass ordering to these = ;fr:r:: ?rr:jrfs%n el transition
properties which is of specific interest for potential o
measurements Hadron gas superconductor
N u.clci Neutron stars
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vz and Raa

* In heavy ion collisions the initial overlap region is
often ellipsoidal
« This initial state spatial anisotropy creates
pressure gradients that drive final state
momentum anisotropy
« Final state momentum anisotropy is AN
described using Fourier series with P N + 2v,cos(2(¢ — U))
coefficients vn
* Relative to proton+proton collisions there is a
modification of high momentum particle
production in nuclei-nuclei collisions (nuclear
modification factor)
» As particles produced in collisions traverse

_ +
the QGP medium their energy is reduced | P P*P
through elastic (collisions) and inelastic
(gluon emission) energy loss Yield(Au+Au)

R —

AA  Ncoll * Yield(p+p)
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Open heavy flavor measurements

ZE 15%— (@)  0-10% central = == Armesto et al. (I) —é 2.5’ PHENIX
. . 1‘42 [] vanHees etal. (Il —i I ?su—.'.g;boM (B;ev ]
 Electrons from inclusive open heavy flavor o bt = NN 5
.« . ses 15 i [ — PHENIXb »e ]
v2 and Raa (top left) show significant =2 —-PHENIXc e 1
differences compared to neutral pions E T B 1'5-_“\ i i
i l [ c—e
 Validates mass ordering theory of omeemoy bt " ; I |
particle interaction with QGP - e @H e & |
« RHIC measurements of separated ¢ and b ' R, 1 of
Raa also show mass ordering behavior i E B
0
. . C L | L L L L L —‘ 1
o Electrons from charm have positive v, and e e (GeVic]
similar pr dependence as charged
hadrons, whereas v; of electrons from s "‘"-"“’_‘;,:“,('_w’jf:w‘“" P enex 3L Min. bias AuvAu s 200GV PREENX
3 e charm pREEnS [ . * from bottom preliminary
bottom is less conclusive 02 —+— n' PHENIX PRC92.034913 e : pnemxmcmu
e More measurements necessary to 015 , ! Vo ersE by .
determine if bottom “flows” at RHIC of- : + o .
energies oosf- 0 +++' oof o0 :
O - e 1 DL .
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J/¥ measurements
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| ® PHENIX Runl4, 10-60%, 1.2 < |y| < 2.2
02- ® STAR, 10-40%, |y| <1 (PRL 111, 052301 (2013)) < 1.4
: & Pb+Pb — SNN = 5. e Inclusive J/iy — ', Pb-Pb |s, = 2.76 TeV and Au-Au |5, = 0.2 TeV
L J/LIJ y]elds are Suppressed due to COlor : Eb:IE)ICE{/QIZJO-‘-—)ia{%,_Z.S iolfl|’r<\il-4 (JHEP 10 (2020) 141) m< 12 il ] ALICE(PLB734(2014)3\14),245<y<4,0<pT<BGeV/c\ global syst.= + 15%
o . - ' [0 PHENIX (PRC 84(2011) 054912), 1.2<|y|<2.2, p. >0 GeV/c  global syst.= £ 9.2%
screening in QGP and path length of ] . . 1
dependence of suppression may create - + " .
. . - L)} )
azimuthal anisotropy 0_—---* --------- ------------- % --------------------- o i .
- L L} »
« RHIC measurements of J/W v; are - : @E
-0.1— 0.4 & a & Coalescence?
consistent with zero, whereas higher E e oL @8 4
"PH-ENIX = 2 0
energy ALICE measurements are not 02 A\ [ Systematic Uncertainty L N R
B prellmlnaryD 0 50 100 150 200 250 300 350 400
o ALICE measurements also show - (N
. . . . _0_3IIIlIllllllllllll]I|llllllllllllllIlllllllllIllll
significantly less suppression than PHENIX s
pr [GeV/c]

measurements for J/W Raa

» Higher energy collisions create more cc
pairs which can then flow with the
medium more readily, as independently
each ¢ quark has lower mass than the J/W

Color Screening
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Conclusions

e Heavy quarks are useful probes of the unique properties of the QGP

e Yield modifications and anisotropic azimuthal distributions of particles are
medium-induced effects that can be used to study the QGP

e RHIC and LHC measurements of J/W v2 and Raa are not consistent, but this
can be explained by increased quark coalescence at higher energies

e Inclusive and separated open heavy flavor measurements confirm mass
ordering of particle interactions with the QGP

e More study is needed to confirm if bottom quarks flow at RHIC energies

N\
V' PHENIX 6

IIIIIIIIIII



