
Recent Highlights from the PHENIX Collaboration1

Takahito Todoroki (for the PHENIX Collaboration)1,∗
2

1Tomonaga Center for the History of the Universe, University of Tsukuba, Tsukuba, Ibaraki 305, Japan3

Abstract. These proceedings present a set of PHENIX highlight results using4

recent high-luminosity data sets for p+p, p (d, 3He)+A, and A+A(B) collisions5

at RHIC top energies with a focus on: (1) light-flavor particle production; (2)6

hard-probes such as jet-like correlations, direct photon, and heavy-quark pro-7

ductions; and (3) azimuthal anisotropy in small collision systems.8

1 Introduction9

During 16 years of operations, PHENIX collected a rich amount of data for 9 collision species10

at several collision energies. Now the focus of the PHENIX heavy-ion program has been11

complete analyses of recent high-luminosity data sets for p+p, p (d, 3He)+Au(Al), as well12

as Au(Cu)+Au and U+U collisions at RHIC top energies. In these proceedings, we discuss13

the following recent highlight results from such an effort: (i) π0, η, and φ meson productions;14

(ii) direct γ-hadron correlations and single direct photon production; (iii) inclusive J/ψ and15

bb̄ pair productions; and (iv) azimuthal anisotropy in small collision systems.16

2 Light Flavor Production17

2.1 π0 and η productions18
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Figure 1. Nuclear modifica-
tion factor RAA as a function of
pT for π0 and η in U+U colli-
sions at √sNN = 192 GeV.

Figure 1 shows the first measurements of the nuclear modification factor RAA for π0 and19

η mesons in U+U collisions at √sNN = 192 GeV [1]. The RAA of π0 and η is measured to20
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be consistent each other within uncertainties over the wide transverse momentum (pT ) range,21

indicating the similar suppressions of π0 and η in QGP medium. A comparison of π0 RAA22

between U+U and Au+Au collisions made at similar numbers of participant nucleons shows23

the suppression depends only on the medium size regardless of collision systems.24

2.2 φ production25

Figure 2. Nuclear modification factor RAA for φ meson in (left) U+U collisions at √sNN = 192 GeV
and (middle and right) Cu+Au collisions at √sNN = 200 GeV. The grey and purple bands in the right
plot show AMPT with string melting and PYTHIA8 calculations, respectively.

Measurements of RAA are now extended to φ meson for U+U and Cu+Au collisions as26

shown in Fig. 2. In both collisions, RAA of various hadrons follows one universal curve at27

high-pT probably due to flavor-independent energy loss in the medium. In contrast, at inter-28

mediate pT , those hadrons show a hierarchy of RAA(pp̄) > RAA(φ,K∗) > RAA(π0, η), which29

can be taken as an interplay of radial flow, strangeness enhancement, and quark coalescence30

effects. The importance of coalescence effect in φ meson production is supported by the31

better description of RAA by AMPT with coalescence than PYTHIA without coalescence.32

Figure 3. Nuclear
modification factor
RAB for φ meson
in p+Al, p+Au,
d+Au, and 3He+Au
collisions compared
with (top) PYTHIA
and (bottom) AMPT
calculations.

The φ meson production in small collision systems is investigated by measuring RAB as33

presented in Fig. 3. From p+Au to 3He+Au collisions, RAB is well described by AMPT with34

coalescence. While, in p+Al collisions, PYTHIA and AMPT without coalescence effects35

better describe the data. This implies that the QGP medium does not form in p+Al collisions.36
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Figure 4. (Left-Top) Corre-
lated yields and (Left-Bottom
and Right) their ratios to the
p+p baseline IAA as a func-
tion of ξ = ln (pγ/ph±) in p+p,
d+Au, and Au+Au collisions
at √sNN = 200 GeV.

3 Hard Probes37

3.1 γ-hadron correlations38

In-medium parton energy-loss mechanism is studied via direct γ-hadron correlations in39

Au+Au collisions at √sNN = 200 GeV. Figure 4 shows the ratio of correlated yields IAA be-40

tween Au(d)+Au and p+p collisions. In d+Au collisions, IAA shows no modification from the41

p+p baseline. However, in Au+Au collisions, IAA shows a suppression at low ξ = ln (pγ/ph±)42

(high pT ) and an enhancement at high ξ (low-pT ), which can be understood as parton energy43

loss at high pT and its redistribution at low pT . This observation can be quantitatively repro-44

duced by the CoLBT_Hydro model calculation [3].45

3.2 Direct photon production46
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Figure 5. (Left) The direct photon fraction Rγ as a function of pT and (Right) the integrated direct
photon yield as a function of charged particle multiplicity in Au+Au collisions at √sNN = 200 GeV.

Single direct photon measurement has been updated using high luminosity Au+Au colli-47

sion data set from the 2014 data taking period as shown in Fig. 5. The new measurement of48

direct photon fraction Rγ with the external conversion method reconfirms the previous mea-49

surements with different methods over the wide pT range, significantly reducing the system-50

atic uncertainties at high pT . The integrated direct photon yield from this new measurement51

is also in excellent agreement with previous results.52

3.3 Heavy quark production53

Figure 6 shows the cross sections of inclusive J/ψ as a function of pT in p+p collisions at54 √
s = 200 and 510 GeV in mid- and forward-rapidities. In pT > 2 GeV/c, the J/ψ produc-55

tion can be successfully described by the NLO+NRQCD calculations [6, 7] in both rapidi-56
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ties. Below pT =2 GeV/c, the J/ψ production in forward-rapidity is overestimated by the57

LO+NRQCD+CGC calculations [7, 8].58
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Figure 8. Nuclear modification factor RAB of inclusive J/ψ in p+Al, p+Au, d+Au, and 3He+Au colli-
sions at √sNN = 200 GeV.

Cold nuclear matter effects in the inclusive J/ψ production are studied via the RAB mea-65

surements in p+Al, p+Au, d+Au, and 3He+Au collisions at √sNN = 200 GeV [9] as shown66

in Fig. 8. In p+Al collisions, J/ψ RAB shows little suppression probably due to its small tar-67

get size. From p+Au to 3He+Au collisions, J/ψ RAB is similar despite the increased energy68

density, indicating that cold-nuclear matter effects are dominant.69
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Shown in Fig. 9 is the production rate of bb̄ pairs obtained via model dependent ex-70

trapolations from the yield of high-mass like-sign muons from neutral B meson oscilla-71

tions in p+p collisions at
√

s = 510 GeV [10]. The production rate was estimated to be72

σbb̄=13.1±0.60(stat.)±1.5(sys.)±2.7(global). This new result follows the worldwide trend73

and is successfully described by pQCD calculations. A comparison of the relative angular74

distribution between bb̄ pair quarks to PYTHIA calculations favors a dominant mixture of75

flavor creation and excitation over the gluon splitting.76

4 Flow in small systems77

As scientific due diligence, PHENIX revisited the measurements of second- and third-order78

azimuthal anisotropies v2 and v3 in high-multiplicity p+Au, d+Au, and 3He+Au collisions79

at √sNN = 200 GeV using the 3×2PC method, taking the advantage of the event-mixing80

technique in canceling possible detector and beam optics effects [12]. In this 3×2PC method,81

we measure two-particle correlations of three different sets of pairs. The n-th order oscillation82

cn extracted from those correlations is then combined to obtain single particle azimuthal83

anisotropy as vAn =
√

cAB
n cAC

n

cBC
n

, where A, B, and C stand for sub-events used to construct those84

correlations. As was done in the PHENIX results published in Nature Physics using the EP85

method [11], we used BBCS(−3.9 < η < −3.1), FVTXS(−3 < η < −1), and CNT(|η| <86

0.35) detectors to measure mid-rapidity v2 and v3. Also as a systematic study, we employed87

FVTXS(−3 < η < −1), CNT(|η| < 0.35), and FVTXN(1 < η < 3) detectors.88
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Figure 10. Measurements
of (top panels) v2 and
(bottom panels) v3 with
the 3×2PC method by the
BBCS-FVTXS-CNT detec-
tor combination in high-
multiplicity p+Au, d+Au,
and 3He+Au collisions at√sNN = 200 GeV.

Figure 10 shows measurements of v2 and v3 with the 3×2PC method by the BBCS-89

FVTXS-CNT detector combination. Both v2 and v3 are in excellent agreement with PHENIX90

results published in Nature Physics, which reconfirms the robustness of the previous mea-91

surements.92
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Figure 11. Measurements
of (top panels) v2 and
(bottom panels) v3 with
the 3×2PC method by the
FVTXS-CNT-FVTXN de-
tector combination in high-
multiplicity p+Au, d+Au,
and 3He+Au collisions at√sNN = 200 GeV.

In contrast, measurements with the 3×2PC method by the FVTXS-CNT-FVTXN detector93

combination show larger v2 than that with the BBCS-FVTXS-CNT detector combination.94

This can be understood by stronger non-flow in the FVTN acceptance than BBCS acceptance95

due to smaller multiplicity in the FVTXN acceptance. Also, the wider rapidity gap between96

FVTXS and FVTXN than that between BBCS and FVTXS results in stronger event-plane97

decorrelations. Both of these changes by the kinematic selections push up v2 values. This98

detector combination shows v3 consistent with that with the BBCS-FVTXS-CNT detector99

combination in 3He+Au collisions, while it shows mostly imaginary v3 in p+Au and d+Au100

collisions. This is probably because the stronger non-flow and the event-plane decorrelation101

effects in these systems overwhelm the small v3 signals.102

These systematic measurements warrant more experimental and theoretical studies to un-103

derstand the non-flow and event-plane decorrelation effects in small collision systems.104

5 Summary105

In summary, we have presented highlight results from recent ample data sets for p+p, small,106

and large system collisions such as: (i) π0, η, and φ meson productions; (ii) direct γ-hadron107

correlations and single direct photon productions; (iii) inclusive J/ψ and bb̄ pair productions;108

and (iv) azimuthal anisotropy in small collision systems. Many important analyses that use109

36 billion events of Au+Au collisions at √sNN = 200 GeV from 2014 and 2016 operations are110

underway and many exciting physics results are yet to come from the PHENIX Collaboration.111
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