Results from PHENIX

Christine Nattrass (University of Tennessee, Knoxville)




Energy Integrated
Run Species | Vsw (GeV) [Luminosity (mb?)

1 (2000) Au+Au 56 1.0E-6
2 (2001/2002) | Au+Au 200 2.4E-5
p+p 200 1.5E+5

3 (2003) d+Au 200 2.7E+3
p+p 200 3.5E+5

4 (2004) Au+Au 200 2.4E+2
Au+Au 62.4 9.0E+0

5 (2005) Cu+Cu 200 3.0E+3
Cu+Cu 62.4 1.9E+2

Cu+Cu 22.4 2.7E+3

p+p 200 3.4E+6

6 (2006) p+p 200 7.5E+6
p+p 62.4 8.0E+4

7 (2007) Au+Au 200 8.1E+2
8 (2008) d+Au 200 8.0E+4
p+p 200 5.2E+6

9 (2009) p+p 500 1.4E+7
p+p 200 1.6E+7

10 (2010) Au+Au 200 1.5E+3
Au+Au 62.4 1.1E+2

Au+Au 39 4.0E+4

Au+Au

7.7

3.0E+2

Data collected

RHIC energies, species combinations and luminosities (Run-1 to 16)

L

8§ 9 12 15 20 23 27 39 56 62 130 193 200 410 500 510

Center-of-mass energy Vsyy [GeV] (scale not linear)

Completed taking data in 2016
Many high impact analyses ongoing
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Energy Integrated
Run Species | Vsw (GeV) [Luminosity (mb?)
11 (2011) p+p 500 1.8E+7
Au+Au 19.6 2.0E+0
Au+Au 200 1.7E+3
Au+Au 27 7.0E+0
12 (2012) p+p 200 1.0E+7
p+p 510 3.2E+7
uU+uU 193 2.0E+2
Cu+Au 200 5.0E+3
13 (2013) p+p 510 1.6E+8
14 (2014) Au+Au 14.6 4.0E+0
Au+Au 200 7.5E+3
SHe+Au 200 2.4E+4
15 (2015) p+p 200 6.0E+7
p+Au 200 2.0E+5
p+Al 200 5.0E+5
16 (2016) Au+Au 200 7.0E+3
d+Au 200 5.0E+4
d+Au 62.4 5.0E+3
d+Au 19.6 8.0E+1
d+Au 39 2.0E+3




Papers since Quark Matter 2022
PRL130, 251901 (2023) Direct y cross section in p+p Vs=510 GeV €= Press coverage
PRD107, 112004 (2023) Transverse spin asymmetry of m°, n in p+Al and p+Au Vsxn=200 GeV

PRD107, 052012 (2023) Transverse spin asymmetry of heavy flavor decay electrons
PRC107, 024907 (2023) Flow in p+p, p+Al, d+Au, 3He+Au \Vsxw=200 GeV

PRC107,024914 (2023) Low pr y in Au+Au at Vs\w=39 and 62.4GeV = Ps'flzgedsitti‘(’;;s
PRC107, 014907 (2023) ¢ in Cu+Au and U+U \sy= 200 GeV
PRC106, 014908 (2022) @ in p+p, p+Al, d+Au, *He+Au Vsw=200 GeV bRC s

PRC105, 064912 (2022)  (2S) in p+p, p+Al, and p+Au \sw=200 GeV €=, - .ction

arXiv:2303.12899 Suppression of high pr m° relative to direct y in central d+Au Vsxn=200 GeV

arXiv:2303.07191 Transverse spin asymmetry of ht in p+p, p+Al, and d+Au Vs\w=200 GeV
arXiv:2203.17187 Non-prompt y in Au+Au Vsxw=200 GeV
arXiv:2203.17058 Charm and bottom production in Au+Au Vsw=200 GeV

8 published + 4 in journal review
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https://doi.org/10.1103/PhysRevLett.130.251901
https://doi.org/10.1103/PhysRevD.107.112004
https://doi.org/10.1103/PhysRevD.107.052012
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https://doi.org/10.1103/PhysRevC.107.024914
https://doi.org/10.1103/PhysRevC.107.014907
https://doi.org/10.1103/PhysRevC.106.014908
https://doi.org/10.1103/PhysRevC.105.064912
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https://arxiv.org/abs/2303.07191
https://arxiv.org/abs/2203.17187
https://arxiv.org/abs/2203.17058
https://phys.org/news/2023-06-photons-positive-gluon-polarization.html

New preliminary results for QM23

Dilepton continuum in p+p Vs=200 GeV

Talk Tues. 15:30 Vassu Doomra Poster Roli Esha

Elliptic flow of direct y in Au+Au at 200 GeV

Talk Tues. 15:30 Vassu Doomra

Elliptic flow of p* from heavy flavor decays in Au+Au at Vsxn=200 GeV
Talk Tues. 11:00 Krista Smith Poster Brandon Blankenship

Elliptic flow of w° in Cu+Au at 200 GeV

Y(2s), JI¥ vs Neh in p+p Vs=200 GeV
Talk Tues. 11:00 Krista Smith Poster JongHo Oh

Forward n cross-section in p+p Vs=200 GeV

Nqart dependence of v; to mvestlgate multiparton interactions in Au+Au at Ysnw=200 GeV
Poster Maya Shimomura

s ‘

Christine Nattrass, Quark Matter 2023 ' ; - 4



https://indi.to/6DMF6
https://indico.cern.ch/event/1139644/contributions/5456413/
https://indi.to/6DMF6
https://indi.to/tzR9T
https://indi.to/tzR9T
https://indi.to/vWGDX
https://indi.to/SLvSZ

Talk Heavy Flavor and Quarkonia results from the PHENIX
experiment Tues. 11:00 Krista Smith (LANL)

Talk Isolating final state effects in high pr T©° production using
direct photons in small system collisions with PHENIX Tues.
13:00 Daniel Firak (Stony Brook)

Talk Measurement of low pr direct photons with PHENIX Tues.
15:30 Vassu Doomra (Stony Brook)

Talk Measurement of in-medium modification of energy-space
structure of jets via and triggered hadrons in Au+Au collisions
at RHIC Wed. 10:10 Megan Connors (Georgia State)

Poster Elliptic flow measurement of J/{ in PHENIX Runl14 Au+Au

at Vsyw=200 GeV Tues. 17:30 Luis Bichon Il (Vanderbilt)
Poster Forward Physics with light vector mesons and 1t° from
the PHENIX Experiment Tues. 17:30 Uttam Acharya (Georgia
State)

Poster Particle multiplicity dependent Charmonia production

in p+p collisions by the PHENIX experiment Tues. 17:30 JongHo

Oh (Pusan National University)

Christine Nattrass, Quark Méttef 2023

PHENIX at

Poster PHENIX measurements of identified charged hadron
production in p+Al,p+Au, and Cu+Au collisions at Vsyy = 200
GeV Tues. 17:30 Sanghoon Lim (Pusan National University)
Poster Systematic study of energy loss in the QGP for various
collision systems at PHENIX Tues. 17:30 Takashi Hachiya
(Nara Women's University)

Poster Di-electron continuum in p+p collisions at 200 GeV
Tues. 17:30 Roli Esha (Stony Brook)

Poster Neutral pion and eta meson production in Au+Au
collisions at 200 GeV Tues. 17:30 Dading Chen(Stony Brook)
Poster Measurement of neutral pions and direct photons in
*He+Au collisions Tues. 17:30 Daniel Firak (Stony Brook)
Poster PHENIX Measurements of Azimuthal Anisotropy of
Light and Heavy Flavor Hadrons in Au+Au Collisions at
Forward Rapidity Tues. 17:30 Brandon Blankenship
(Vanderbilt)

Poster The study of with a new double-differential event
categorization using multiplicity and spectator neutrons in
PHENIX Tues. 17:30 Maya Shimomura (Nara Women's
University)


https://indi.to/tzR9T
https://indi.to/6DMF6
https://indi.to/6DMF6
https://indico.cern.ch/event/1139644/contributions/5541366/
https://indico.cern.ch/event/1139644/contributions/5456424/
https://indi.to/xJBJp
https://indi.to/vWGDX
https://indi.to/hRNfv
https://indi.to/V788t
https://indico.cern.ch/event/1139644/contributions/5456413/
https://indico.cern.ch/event/1139644/contributions/5456505/
https://indico.cern.ch/event/1139644/contributions/5456492/
https://indi.to/SLvSZ
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e J/Y yield in p+p

PH: <ENIX
Talk Tues. 11:00 Krista Smith

.I/I.IJ->B++€_ 20 ‘
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New for
QM 2023
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PH ENIX
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« J/Y yield exhibits large dependence on local track multiplicity

Often attributed to multi-parton interactions

Christine Nattrass, Quark Matter 2023
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* J/Y yield vs multiplicity significantly reduced when
Looking at J/Y and multiplicity in separate rapidity
windows

N N ~N ~N
N /<N_ >, N, /<N >

Poster JongHo Oh

» Looking at J/{p and multiplicity in the same rapidity window but removing the p+ p— from the multiplicity
Talk Tues. 11:00 Krista Smith

Implications for MPI picture
Christine Nattrass, Quark Matter 2023
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""Multiplicity dependent W(2s) to J/Y ratio
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* Multiplicity-dependent studies test for onset of QGP-like effects

 PHENIX and ALICE results consistent, weak multiplicity
% dependence consistent w/unity

Christine Nattrass, Quark Matter 2023 MME- 9
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Talk Tues. 15'30 Vassu Doomra
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Separation from semi-leptonic decay and prompt pairs

Christine Nattrass, Quark Matter 2023
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p+p O);-;Au LIJ(ZS) to J/LIJ ratlo PH:-<ENIX

00 PHENIX p+p ﬁ 200 GeV

B PHENIX p+Au y5,=200 GeV
-2.2 <y <-1.2, Inclusive

O ALICE p+p ys=7 TeV

® ALICE p+Pb ys,=8.16 TeV
-4.46 <y <-2.96, Inclusive

Phys.Rev.C 105 (2022) 6, 064912
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Talk Tues. 11:00 Krista Smith

PHENIX p+p {s,y=200 GeV PMIX (b)

PHENIX p+Au \s,=200 GeV
&

1.2 <y <2.2, Inclusive

ALICE p+p \syn=7 TeV
ALICE p+Pb ys=8.16 TeV
2.03 <y <3.53, Inclusive
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5 10

(N_
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P(2s) to J/Y ratios p+p at RHIC, LHC show no clear energy dependence
* Suggests final state effects at backward rapidity

% Christine Nattrass, Quark Matter 2023
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https://link.aps.org/doi/10.1103/PhysRevC.105.064912
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* Nature Physics results confirmed
* Consistent with small droplet of QGP
* Different systematics, different sensitivity to non flow effects

Azimuthal Angle (¢)

ST feamde o Consistent v | |
.ﬁ‘ Christine Nattrass, Quark Matter 2023 MME- 13



https://doi.org/10.1103/PhysRevC.107.024907
http://www.nature.com/articles/s41567-018-0360-0
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-k R &3 Using two particle correlations over large rapidity range

* Nature Physics results confirmed
* Consistent with small droplet of QGP
* Different systematics, different sensitivity to non flow effects
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https://doi.org/10.1103/PhysRevC.107.024907
https://www.nature.com/articles/s41567-018-0360-0

xX+Au

High pr ®° in small systems (R,,)

Talk Tues. 13:00 Daniel Firak
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Same suppression at high p; in centrals

Some enhancement in peripherals

Ordering with system size NOT seen at high p;

Potential bias in centrality determination?
Final state effect?

High and low p;: quite different physics!
Bias in N

, at high p; ?

col

-
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https://doi.org/10.1103/PhysRevC.105.064902
https://indi.to/6DMF6
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https://arxiv.org/abs/2303.12899
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x+au J/P and P(2S) nuclear modification factor PH-<ENIX

Talk Tues. 11:00 Krista Smith
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Phys.Rev.C 105 (2022) 6, 064912

> e

Similar patterns for J/ and (2S) found at RHIC and LHC

%Result consistent with final state effects at backward rapidity
il Hicns, 17
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* Systematic measurement of direct y in various systems and beam
energy in wide pr range

Christine Nattrass, Quark Matter 2023 MMH- 19
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First-ever RHIC measurement of open heavy flavor elliptic flow at forward rapidity
Mass ordering apparent
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©:-® J/Y In Au+Au PHENIX
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« PHENIX J/y shows stronger suppression at both forward and mid-rapidity

% At RHIC energies, regeneration not as significant, J/{ flow consistent W!th Zero
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Data and analysis preservation

out @ Submission Help [File Formats #)Signin

HEPData

% PHENIX Search  Advanced

® 192/218 PHENIX papers on
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® REANA is a framework of analysis B —

The PHENIX collaboration Abdulameer, N.J.; Acharya, U.; Aidala, C. ; et .

2001 2023
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re S e rvat I O n Phys.Rev.D 107 (2023) 112004, 2023
Collaboration Reset 2641468 10.17182/hepdata.

are the first measurements of the transvers

e-spin asymmetries (A y) for neutral pions and eta mesons iny il collsions at /Sy = 200 GeVin the

X PHENIX 162 Present
pseudorapidity range || <0.35 with the PHENIX de

* Analysis environment (libraries, etc) are in =~ e =
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o Reactions The PHENIX experiment reports systematic m ents at the Relativstic Heavy lon Collider of ¢-meson production in asymmetric Cu-+Au collisions at /5 y=200 GeV and in U-+U
I u I . . collisions at , /Sx~=193 GeV. Measurements were performed via the ¢ — K +K' channel at midrapidity || < 0.35. Features of ¢-meson production measured in Cu-+Cu, Cu

zero, similar to those for midrapidity neutral pion.

at the Relativistic Heavy lon Collider. The asymmetries are consist

Measurement of ¢-meson production in Cu+Au at , 200 GeVand U+Uat /5, = 193 GeV

The PHENIX collaboration Abdulameer, N.J.; Acharya, U.

Phys.Rev.C 107 (2023) 014907, 2023
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hepdata. 1.

CM Energies (GeV)

Christine Nattrass, Quark Méttér 2023 r.- 26



Conclusions
* PHENIX continues many high impact analyses
 Signatures consistent with hot nuclear matter in small systems

— Direct photon excess

- Azimuthal anisotropies

— Suppression in central d+Au

* New precision measurements of QGP in Au+Au
— Direct photon v, spectra

- Heavy flavor v,, spectra

.y

Christine Nattrass, Quark Méttelr 2023
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Talk Heavy Flavor and Quarkonia results from the PHENIX
experiment Tues. 11:00 Krista Smith (LANL)

Talk Isolating final state effects in high pr T©° production using
direct photons in small system collisions with PHENIX Tues.
13:00 Daniel Firak (Stony Brook)

Talk Measurement of low pr direct photons with PHENIX Tues.
15:30 Vassu Doomra (Stony Brook)

Talk Measurement of in-medium modification of energy-space
structure of jets via and triggered hadrons in Au+Au collisions
at RHIC Wed. 10:10 Megan Connors (Georgia State)

Poster Elliptic flow measurement of J/{ in PHENIX Runl14 Au+Au

at Vsyw=200 GeV Tues. 17:30 Luis Bichon Il (Vanderbilt)
Poster Forward Physics with light vector mesons and 1t° from
the PHENIX Experiment Tues. 17:30 Uttam Acharya (Georgia
State)

Poster Particle multiplicity dependent Charmonia production

in p+p collisions by the PHENIX experiment Tues. 17:30 JongHo

Oh (Pusan National University)

Christine Nattrass, Quark Méttef 2023

PHENIX at

Poster PHENIX measurements of identified charged hadron
production in p+Al,p+Au, and Cu+Au collisions at Vsyy = 200
GeV Tues. 17:30 Sanghoon Lim (Pusan National University)
Poster Systematic study of energy loss in the QGP for various
collision systems at PHENIX Tues. 17:30 Takashi Hachiya
(Nara Women's University)

Poster Di-electron continuum in p+p collisions at 200 GeV
Tues. 17:30 Roli Esha (Stony Brook)

Poster Neutral pion and eta meson production in Au+Au
collisions at 200 GeV Tues. 17:30 Dading Chen(Stony Brook)
Poster Measurement of neutral pions and direct photons in
*He+Au collisions Tues. 17:30 Daniel Firak (Stony Brook)
Poster PHENIX Measurements of Azimuthal Anisotropy of
Light and Heavy Flavor Hadrons in Au+Au Collisions at
Forward Rapidity Tues. 17:30 Brandon Blankenship
(Vanderbilt)

Poster The study of with a new double-differential event
categorization using multiplicity and spectator neutrons in
PHENIX Tues. 17:30 Maya Shimomura
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