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Large systems

—Single particle Rax results, multiple species and collisions New!
—n0-h correlations in Au+Au New!
—Spectra of charm and bottom in p+p New!

—v» of charm and bottom in Au+Au

Small systems

—n%-h correlations in 3He+Au New!
—Drell-Yan measurement in p+Au New!
—Longitudinal dynamics in small systems Now published!
—Small systems geometry scan Now published!

—Direct photon measurements in p+Au
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Identified particle Rax in large systems

New! .
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w and ¢ mesons behave similarly in Cu+Cu, Cu+Au, Au+Au
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Identified particle Ras in Cu+Au
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70-h in Au+Au
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70-h in Au+Au

New!
Depletion at high pr, enhancement at low pr
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c —eand b — ein Au+Au and p+p
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c —eand b — ein Au+Au and p+p

New!
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HF electron spectra, all centralities and using all available data
New p+p reference data; new publication with Ra4 on the way!
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c —eand b— ein Au+Au
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c —eand b— ein Au+Au
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Large Systems Summary

R. Belmont

Single particle Raa independent of collision species when selecting for similar Npare

Neutral mesons Raa very similar in Au+Au despite different strangeness content
—Strangeness very important at low p7 but not at high pr

Correlation measurements show away-side broadening and low pr enhancement
—Indicates momentum shift and large-angle radiation of high-pt partons

Measurement of ¢ — e and b — e spectra in p+p
—Publication with new Ras coming soon

First measurement of bottom flow at RHIC
—May be consistent with zero, refinements and publication forthcoming
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Small Systems
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Drell-Yan from angular correlations in p+p
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Drell-Yan from angular correlations in p+Au

New!
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J /1) nuclear modification in small systems

New!

Rp+A

R. Belmont
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J /1) nuclear modification in small systems

New!

Rp+A

R. Belmont
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p+Al — p+Au—big change when increasing nuclear target size
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J /1) nuclear modification in small systems

New!
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J /1) nuclear modification in small systems

New!
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Longitudinal dynamics in small systems

Now published! Phys. Rev. Lett. 121, 222301 (2018)
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Longitudinal dynamics in small systems

Now published! Phys. Rev. Lett. 121, 222301 (2018)
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Testing hydro by controlling system geometry

Now published! arXiv: 1805 02973 in press (Nature Physics)
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Testing hydro by controlling system geometry

Now published! arXiv:1805.02973, in press (Nature Physics)
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v2 and v3 ordering matches €, and €3 ordering in all three systems

—Regardless of mechanism, the correlation is geometrical
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Testing hydro by controlling system geometry

Now published!
0.2

arXiv:1805.02973, in press (Nature Physics)
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—Strongly suggests QGP droplets in hydro evolution
R. Belmont
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Testing hydro by controlling system geometry
Now publlshedI arXiv:1805.02973, in press (Nature Physics)
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v2 and vz vs pr described very well by hydro in all three systems
—Strongly suggests QGP droplets in hydro evolution

Initial state model does good job for v, but misses strong geometry dependence of v
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Photons in small systems
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Photons in small systems
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Photons in small systems
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Thermal photons in p+Au? Theory from Phys. Rev. C 95, 014906 (2017)
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arXiv:1805.04084, submitted to Phys. Rev. Lett.
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Common scaling for Au+Au
and Pb+Pb at different
energies; very different from
Neoy-scaled p+p

p+Au and d+Au in between
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Small Systems Summary

R. Belmont

First measurement of Drell-Yan in small systems at RHIC
—Hint of enhancement but no firm conclusions

Comprehensive set of measurements of longitudinal dynamics
—Good support for wounded quark model and 3D hydro

Geometry scan results published in Nature Physics
—Hydro does better than initial state

Photon enhancement in small systems
—Important additional evidence in support of QGP droplet formation in small systems
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Additional Material

Additional Material
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Testing hydro by controlling system geo

0181 /Sy =200 GeV 0-5% 0.08] VSww=200 GeV 0-5%
0.16 ’ —#— p+Au
S 0.07 A
0.14 //I*\&g/:/ #— d+Au A
- — — ] 3 e
0.121 o - 0.06] —o— 3He+Au B —
E 0.10] 7 E 0.051 - ///,y/
£0.08 £ 0.047
0.061 . G“iins 0.031
p+AuU E
0.04 B d+Au 0.02
0.021 —o 3HetAu 0.011
05 1.0 15 2.0 25 3.0 0.5 1.0 15 2.0 25 3.0
pr [GeV] pr[GeV]
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Testing hydro by controlling system geo

R. Belmont

0.084 VSwn =200 GeV 0-5% 0.07}
' —— p+Au :
0.071 & d+Au R 0.06]-
0.06{ —e— 3He+Au e i
- 0.05 1 Gluons /'//;/ ¥ oos)
< ’”l/ — 0.04F

£ 0.04 > o
0.03 0.03f
0.023 - o.ozf
0011 w i
> 001
0.5 1.0 15 2.0 25 30

pr [GeV]

v3 ordering is not quite right
—CGC: p+Au < d+Au < 3He+Au
—Data: p+Au ~ d+Au < 3He+Au

.
.8

T =200Cev 05%  pHENIX |

& “He+Au
-m-d+Au

r -ep+Au

3 ¢

M

it ||

o

.5

PHENIX highlights at QM18
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Small systems flow

1o T T
0.3t 0-20% d+Au \s,=200 GeV F 0-20% d+Au |s,=200 GeV g
0.25F =+
— [ = Charged hadrons I = Charged hadrons
% oof20<n<-14 +14<n<20 3
v [ Sys =1.9% T Sys =1.9%
=4 r Global + + T Global
3 0.15F . + + E
pad o T
Lo T + .
"‘>'E'\| r I +
L~ T ]
0.05F pHENIX s
r preliminary T
OF T .
S N I PR BT PRI AT AT N AT B
0.5 1 15 2 25 0.5 1 15 2 25
P, [GeVic] P, [GeVic]
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Small systems flow—heavy flavor

r preliminary
OF

1o

I 0-20% d+Au Vs,,=200 GeV

L e u from open heavy flavor decays
[ = Charged hadrons

I -20<n<-14

Sys =1.9%

: .

o PH <ENIX

I 0-20% d+Au \s,,=200 GeV

o u from open heavy flavor decays ]
= Charged hadrons
F14<n<20

Sys

=1.9%
Global

—

T

R. Belmont

0.5 1 15 2 25
P, [GeVic]

Nonzero v, for heavy flavor in d+Au

0.5 1 15 2 2.5

P, [GeVic]
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Small systems flow—heavy flavor

L B S LA B SN IR L I LI EURILE
0.3t 0-20% d+Au \s,,=200 GeV F 0-20% d+Au |s,=200 GeV E
02 [ e " from open heavy flavor decays I ¢ p from open heavy flavor decaystharged
~  [=Charged hadrons I = Charged hadrons 1
:?’ 0.2;-2.0< n<-1.4 {}1.4< n<2.0 {hadrons
v Sys  =1.9% TsSys  =19% ]
(= r Global T Global 1
& 0.151 ¢ + - + .
o’ o E {heavy flavor
= Eo I ]
005" py T ENIX + {muons
r preliminary T
0 T T ]
R IR EPEITN ETIEP PEITINE: AT AT NI AT NS
0.5 1 1.5 2 2.5 0.5 1 1.5 2 2.5
P, [GeVic] P, [GeVic]
Nonzero v, for heavy flavor in d+Au
3.220, 2.160 for vo > 0 at backward, forward (99.9%, 98.5% one-sided)
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Small systems geometry scan

Phys. Rev. C 97, 064904 (2018)

S B o e o o B L e  RRAE R R EEEs sy eEay T
0.25:_p+Au at ysy, =200 GeV 0-5% (a) _:_ d+Au at |s,, =200 GeV 0-5% ) I He+Au at Sy = 200 GeV 0-5% (c)

[ —=— T+t Data ] m

0'2'_ —e— p+p Data 1
[ = '+t superSONIC ] —|— u

p+P SuperSONIC

«~0.15 -
>
o1 p+A - m
a @
005 PHENIX 1 /4"
C: ................... | I ] I FREWE FEET FNETE TN AR T N
05 l 15 2 25 3 05 1 15 2 25 3
p( eV/c) pT(GeV/c)

Identified particle v» vs pr in p+Au, d+Au, and 3He+Au
—NMass ordering well-described by hydro
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d+Au beam energy scan

Phys. Rev. Lett. 120, 062302 (2018)

200 GeV

62.4 GeV

39 GeV

19. 6 GeV
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d+Au beam energy scan

Phys. Rev. Lett. 120, 062302 (2018)

200 GeV

62.4 GeV

39 GeV

19. 6 GeV

> =200 GeV =624 GeV 'd+AU ys,, = 39 GeV' d+AU Ys,, = 19.6 GeV
0.12F o T PHENIX T 1< Inl <3 ]

o1 ..... 1 1 1 °V,{2}

E 1. i 1 .V, {4}
0.08 """---........._.____,_ B , -—-—-——-.~—.] 4 +voA6)
0.06f + 2 I Py 1 tt t 1
CRTTEL AR L
0.04f f | + t t 1 1
0.02F L F ]
(€] (b) (©)

O B0 a0 35 0 45 5 10 1550 2550 35 40 A6 5 1 0 180 e 40 45 A0 45 510115 20 25 503540 48
FVTX FVTX FVTX FVTX
tracks tracks tracks tracks

Measurement of v»{6} in d+Au at 200 GeV and v»{4} in d+Au at all energies
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d+Au beam energy scan

200 GeV

62.4 GeV

Phys. Rev. C 96, 064905 (2017)

39 GeV

19.6 GeV

K L L I L I I I I I I S I L I I I L I I L S I R L L I Il I A R LR LRl LR RALE LS AR RARE LRSI
o4F dHAU Vs, = 200 GeV 0-5% 1 d+Au s, = 62.4 GeV 0-5% 1§ d+Au {5, =39 GeV 0-10% 1 d+Au fs,, = 19.6 GeV 0-20%
“F ml<o0.35 PHENIX Extrapolated
0.35F @ V,{EP} F + F Resw;M) B
0.3F Global Sys. = +0.3% 3+ Global Sys. = +1.8% 1 Global Sys. = +3.6% + Global Sys. = ;3;;/; E
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0.2F + + + +-- B
0.15F —+ I F E
. > "® i o -0 ® - +
(13 . + P + . + * E
® L 2
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0.05F L] T ° b-- L + d-
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Event plane v» vs p7 measured for all energies
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d+Au beam energy scan

Phys. Rev. C 96, 064905 (2017)

200 GeV 62.4 GeV 39 GeV 19.6 GeV

~ L I I I I I I I I I L I L I R I L I I I L I L R I RN R R LR " Ll LN LR AR LARS LN RRRE AR RARS I
>
d+Au s, =200 GeV 0-5% d+Au {s,, = 62.4 GeV 0-5% d+Au s, =39 GeV 0-10% d+Au ys,, = 19.6 GeV 0-20%
0.4F + + +
Inl <0.35 == SONIC v, PHENIX Extrapolated
0.35F @ V,{EP} F = supersoNICv, + F Resw;M) B
0.3F Global Sys. = +0.3% 3+ Global Sys. = +1.8% 1 Global Sys. = +3.6% + Global Sys. = ;3;;/; E
0.25F + +

Event plane v» vs p7 measured for all energies

Hydro theory agrees with higher energies very well,
underpredicts lower energies—nonflow?
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d+Au beam energy scan

Phys. Rev. Lett. 120, 062302 (2018)
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Small systems nuclear modification

< 2-5_ < 2.5_
o : p+Al-h*+X |s,,=200 GeV o : p+Au - h*+X |s,,=200 GeV
) 0-100% centrality ok 0-100% centrality
- PHENIX 2.5<p_<5GeVic i 2.5<p_<5 GeVic
L preliminary L
1.5F EPPS16+PYTHIA 1.5F II EPPS16+PYTHIA
C el A - r .
T ' | L e R ilig
0.5F 051
 Al-going p-going - Au-going p-going
C- A N R R N R O' P R R R R
3 2 4 0 1 2 3 3 2 4 0 1 2 3
n n

Forward modification consistent with nPDF effects (EPPS16)
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Small systems nuclear modification

<
S
0

R. Belmont

F prAl-h*+X |s =200 GeV
25F  0-100% centrality
e -2.2<n<-1.2 (Al-going)
ok o 1.2<n<2.4 (p-going)
; B
15F PH-<ENIX
~r preliminary

EPPS16+PYTHIA, -2.2<n<-1.2

EPPS16+PYTHIA, 1.2<n<2.4

P e T T
Cb 2 4 6 8 10

P, (GeVic)

<
o
o

w

p+Au - h*+X s, =200 GeV
25 0-100% centrality
e  -2.2<n<-1.2 (Au-going)
o 1.2<n<2.4 (p-going)

15 HEEHHHHH

0.5

N

EPPS16+PYTHIA, -2.2<n<-1.2

EPPS16+PYTHIA, 1.2<n<2.4

M [
GO 2 4 6 8 10

P, (GeVi/c)

High-p1 modification consistent with nPDF effects (EPPS16)
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Small systems nuclear modification

< 35 p+Al-h*+X |s,=200 GeV S 35 p+AuU - h*+X |s,=200 GeV
@ 3 0-5% centrality x 3 0-5% centrality
e -2.2<n<-1.2 (Al-going) e -2.2<n<-1.2 (Au-going)
25 o 1.2<n<2.4 (p-going) 2.5 o 1.2<n<2.4 (p-going)
N
2 PH. ENIX 2 H H H
15 HH]H preliminary 15 H EI H [ﬂ
EREN!
ok BE B g g o5 SFPFEE g g 8
s | s | s | s | s s | s | s | s | s
Cb 2 4 6 8 10 0O 2 4 6 8 10

p. (GeVic) p. (GeVic)

Stronger effects in central collisions
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Small systems nuclear modification

< 35 p+Al-h*+X |s,=200 GeV S 35 p+AuU - h*+X |s,=200 GeV
@ 3 0-5% centrality x 3 0-5% centrality
e -2.2<n<-1.2 (Al-going) e -2.2<n<-1.2 (Au-going)
25 o 1.2<n<2.4 (p-going) 2.5 o 1.2<n<2.4 (p-going)
N
2 PH. ENIX 2 H H H
15 HH]H preliminary 15 H EI H [ﬂ
EREN!
ok BE B g g o5 SFPFEE g g 8
s | s | s | s | s s | s | s | s | s
Cb 2 4 6 8 10 0O 2 4 6 8 10

p. (GeVic) p. (GeVic)

Strong enhancement for backward at intermediate pr—why?
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Small systems nuclear modification

< 35 p+Al - h*+X S=200 GeV S 35 p+Au - h*+X Sy=200 GeV
@ 3 0-5% centrality x 3 0-5% centrality
e -2.2<n<-1.2 (Al-going) e -2.2<n<-1.2 (Au-going)
25 o 1.2<n<2.4 (p-going) 2.5 o 1.2<n<2.4 (p-going)
PH-<ENIX
preliminary 15 H EI [ﬂ

15 Hﬂ]HHH_H

0.5 ost #O88E g B

=2 4 6 8§ 10 =2 4 6 8 10
P, (GeVic) P, (GeVi/c)

Strong enhancement for backward at intermediate pr—why?
Don't forget: particle species dependence of Cronin! There must be final state effect(s)...
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Particle species

dependence of “Cronin enhancement”
Phys. Rev. C 88, 024906 (2013)

d+Au sy, = 200 GeV

T4+

+ K+K*

p+p

* ﬁ@%@

20-40%
ll L *

R. Belmont
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2 3 4
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J /1 nuclear modification in all systems

15
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c¢ and bb f

angular correlations in

arXiv:1805.04075 (submitted to PRL)
arXiv:1805.02448 (submitted to PRD)

16x10° x10°°
= C = n —
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[ omn POWHEG o, = 0.316mb [ we POWHEG o, _=3.94ub * D
3] 12 mm pyTHIAVE o =0.343mb <e1 of W PYTHIA (::E=3.59pb \4/ -
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Pair creation at LO, flavor excitation and gluon splitting at NLO
PYTHIA suggests bb dominated by pair creation

R. Belmont
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bb from angular correlations in p+p

R. Belmont

bb cross-section measurements
at p+p (s=200 GeV at RHIC

== FONLL MC@NLO — stat. error
— NLO(Vogt) === POWHEG — stat. @ sys. error
c PHENIX, dimuon
this analysis
- PHENIX, B — J/y
hd PRC 96, 064901
o PHENIX, dielectron
PRC 96, 024907
- PHENIX, e-h correlations
hd PRL 103, 082002
® STAR, e-h, e-D° correlations
PRL 105, 202301

12 3 456 7 8 9 10
0,5 [1b]

arXiv:1805.04075 (submitted to PRL)
arXiv:1805.02448 (submitted to PRD)

Oy lub]

107"

2

o
2

[[E771 pssi

PHENIX p+p
This analysis ®

E789 p+Au

HERA-B p+C/T/W

LHCb p+p
CDF p+p ALICE p+p
PHENIX p+p 2
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UA1 p+p

NLO pQCD (Vogh (m,= 4.75 GeV)
FONLL (m,= 4.75 GeV)

POWHEG (m_= 4.75 GeV)
MC@NLO (m,= 4.75 GeV)

Data/ Theory
NLO(Vogt)

10°

bb cross-section consistent with previous measurements, larger than FONLL
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Collectivity in large systems

arXiv:1804.10024 (submitted to Phys Rev C)
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Collectivity in large systems

arXiv:1804.10024 (submitted to Phys Rev C)

1.2 e e e
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Collectivity in large systems

arXiv:1804.10024 (submitted to Phys Rev C)
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Collectivity in large systems

arXiv:1804.10024 (submitted to Phys Rev C)
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Can extract (v») and o,, separately using forward-fold
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Collectivity in large systems

arXiv:1804.10024 (submitted to Phys Rev C)

=z 0.02 < Y?) >| T T T 7] O-IV3 T T T T z 06 O-‘l/3 /I< V:I))> T T
: | 2 ol ® ] §o

I " = | I 2 . . :
M 0.015F ] < %

I
IS
T
1

0.01[1

:
%

0.005
PHENIX Au+Au 200 GeV

0.2 4
0.005 @® Bessel-Gaussian p(va) i
B t1o(stat)
+ 2 o (stat)
—— Sys. Uncertainty
0 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1
0 10 20 30 40 50 o] 10 20 30 40 50 0 10 20 30 40 50
Centrality Centrality Centrality

Can extract (v3) and o, separately using forward-fold
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