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PHENIX papers since June 2022

PRL130,251901 (2023) Cross section and A;; of direct photons in p + p at 510GeV BNL and RIKEN news release
PRD107,112004 (2023) Ay of ¥ in p+p and p+A

PRD107,052012 (2023) Ay of heavy flavor decay electrons

PRD107,024907 (2023) Flowin p + Au,d + Au, 3He+Au

PRC107,024914 (2023) Low pr direct photons in Au+Au at 39 and 62.4GeV PRC Editor’s suggestion
PRC107,014907 (2023) ¢ in Cu+Au and U+U

PRC106,064912 (2022) ¢ in p+p,p+Al,d+Au, and 3He+Au

PRC105,064912 (2022) Forward and Backward ¥(2S) inp + p,p + AlL,p + Au

PRC Editor’s suggestion
PRC105,064902 (2022) m’in,p + Al p + Au,d + Au, 3He+Au

arXiv:2303.12899 Suppression of high pT piO relative to direct photon in central d+Au
arXiv:2303.07191 Ay of charged hadrons in p+p and p+A

arXiv:2203.17187 Non-prompt direct photons in Au+Au 200 GeV

arXiv:2203.17058 Ryjqyof b > eandc — e

arXiv:1805.04066 uu, ey, ee correlations in p + p 200 GeV

9 papers published + 3 submitted
4+1 papers in Journal review
4 papers in internal review PH-<ENIX



Y (2S) suppression in p+Al, and p+Au

PHYSICAL REVIEW C 105, 064912 (2022)

- 99 * Nuclear modification of (2S5) in
. PHENIX |5,,=200 GeV  LHCb p+Pb |s.=5 TeV p + Al, and p + Au
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Low pr direct photons

PHYSICAL REVIEW C 107, 024914 (2023)

arXiv:2203.17187 (2022)
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e Systematic measurement of direct photons in various systems and beam

energy in wide pT range:

* Paper of measurement at 39 and 63 GeV was PRC editors suggestion.
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Direct photon A;;

PHYSICAL REVIEW LETTERS 130, 251901 (2023)

Measurement of Direct-Photon Cross Section and Double-Helicity Asymmetry at
Vs =510 GeV in p +p Collisions
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* Determined that the gluon polarization is positive

* This is one of the original goal of RHIC spin physics program
[ ofe —v
« BNL and RIKEN news release  Unique capability of PHENIX PH><ENIX



Heavy Flavor Ay

PRD107,052012 (2023)
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* Measurement of Ay of heavy-flavor decay electrons

* Constraints on parameters of Tri-Gluon model by Z.Kang and J.W.Qiu
— The first measurement on the model parameters (47, 1) of the model

Unique capability of PHENIX P?>>}(<</E_N|x



n¥and direct photon in d+Au
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suppression in most central d+Au
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New results shown in the Quark Matter 2023 (1)

N,y dependence of Y(2S) vs J /i ratio in p+p v, of Heavy flavor in forward rapidity

PHENIX: {s =200GeV, 1.2<y<2.2 0.25 ) _
18 PHENIX: Vs = 200GeV, -2.2 <y <-1. g =l _
15 STAR: \s = 200 GeV, lyl < 1 - DH.E| © Inl<0.35 HF—>e (PRL98.172301)
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New results shown in the Quark Matter 2023 (2)

v, of direct photon in Au+Au
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* v, of direct photon from RUN14. RUN16 data will double the statistic

« ete” measurement in p+p is the proof of principle for IMR thermal e*e™
pair measurement in Au+Au

10
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PHENIX publications

« 218 physics papers published/accepted

— Phys. Rev. Lett. 76
— Phys. Rev. C90
— Phys.Rev. D 46
— Nature Physics 1
— Phys. Letter B 4
— Nucl. Phys. A 1
* Total citation: ~¥33000
* Topcite 1000+ 2
— 500-1000 8
— 250-500 21
— 100-250 62
— 50-100 48

PHENIX White Paper: 3486 cites
Jet quenching discovery: 1187 cites
Nature P paper: 262 citations

141 physics papers in topcite 50+

(163 if proceedings and detector papers are

included)
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PHENIX publications

Published PHENIX papers in each year

PHENIX Data Taking 2000-2016 >
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* 6 papers published in 2023, 5 papers under journal r
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Award: S and T award by the Minister of MEXT

-

o i YA received
A5 - “Commendation for Science and

Technology by the Japanese
Minister of Education, Culture,

L s ﬁﬁ %3 W'ﬁ' | Sports, Science and "I"echnology
£E3a02 a2 (Research Category)
5 5igii e ;
POiREEE L Twos 7
1311 X “Research of high temperature
EE8%% & @

and high density matter through
relativistic heavy-ion collisions”

13
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Datasets of PHENIX

2016 AuAu 200 2.3/nb (90/pb) 15B events VTX,FVTX Heavy Flavor
dAu 200 1G & 73/nb (29/pb) MPC-EX Gluon nPDF
dAu 62,39,20 0.6G 0.1G, 8M Small QGP

2015 pp 200 23/pb VTX, FVTX Heavy Flavor
pAu 200 80/nb (16/pb) Transverse spin
pAl 200 275/nb (7.4/pb) CNM, small QGP

2014 AuAu 200, 15 2.3/nb (90/pb) 15 B events VTX, FVTX Heavy Flavor
3HeAu 200 25/nb (15/pb) Small QGP

2013 pp 510 240/pb W-trigger Anti-quark spin

Gluon spin

2012 pp 510 50/pb W-trigger Anti-quark spin
pp 200 4/pb VTX, FVTX Transverse spin
CuAu 200 5/nb  (60/pb) Heavy flavor
uu 193 0.17/nb (10/pb) Geometry

2011 pp 510 28/pb W-trigger Anti-quark spin
AuAu 200 0.8/nb (32/pb) VTX Heavy flavor
AuAu 19, 27 BES-I

2010 AuAu 200 1.1/nb (44/pb) HBD Low mass ee
AuAu 62,39,7 BES-I

nDST production is complete PH-<ENIX



Analysis map update: key analyses

On-Going Key analysis -

Topic -

Leading group -

Time line .

Ryy of hboeand c—e-

RIKEN; Nara Women -

Under review at PRC.

v, of hbse and c s e.

RIKEN; Nara Women -

Submit in 1 year.

Flow of J/yr.

Vanderbilt .

Submitin 1 year.

High p; direct photon in

dihu-

Stony Brook, Debrecen .

Submitted to PRL.

High p; direct photon in
prAu-

Stony Brook, Debrecen .

Preliminary by QM2023.

Submitin 1 year.

Key analysis needs additional funding .
- b-e c—e with VTIX (RUN14+16).
« bopu c— p with FVTX (RUN14+16).

 Intermediate mass dilepton (RUN14+16).

High p; direct photon n
He3+Au.

Stony Brook, Debrecen -

Submit in 1 years.

Direct photons Rys in RUN14 | Stony Brook. Under review at PRC .,
Direct photon v2 in RUN14 . Stony Brook. Submit in 1 year.
Low py direct photons in | Stony Brook. Submit in 2-3 years .
Cu+Au.

Low p; direct photonsinsmall | Stony Brook. Submitin 1 year.

systems .

Direct y-hadron correlations in

Georgia State University -

Submit in 2-3 years .

Au+Au(RUN14).

IMR e*e™ in RUN14+4+154+16. | Stony Brook. Preliminary for pp for
(AuAu and pp) - OM2023.

Heavy flavor single electron in | Baruch. Publish in 1 year.

prAu-

Heavy Flavor electron A4y -

U. Michigan -

Published in PRD.

J/Y vs Nepinptp-

LANL, Pusan .

Submit in 1 year.

W(2S)/]/p vs Neyinpp-

LANL, Pusan -

Preliminary for QM2023.

Submit in 1 year.

HF v2 in AuAu in RUN14+16.

Vanderbilt .

Preliminary by QM2023.

* As part of recommendation of the 2021 site
visit, “analysis map” showing status and
responsibilities of analyses was reported to
DOE.

 Thisis the update of “analysis map” since
the S and T review in November 2022.

* Heavy Flavor electron Ay was published
on schedule

* High pr direct photon in d+Au was
submitted to PRL on schedule

 Other key analyses are making progress

N
PH-<ENIX



Analysis map update: on-going analyses

On-Going analysis -

Topic-

Leading group -

Time line .

mt, K*, p, p in ptd, SHe+Au-

St. Petersburg .

First release in 2023/08 .

n° v, in Cut+Au.

St. Petersburg .

Preliminary 2023/03.

Centrality dependence of Levy
HBT in m .

m University -

Second release in

2023/03; submitin 1 year

m%n and prompt photon in

AutAu (RUN14+16) .

Debrecen University .

Preliminary in half year.

B=J/Yyinp+p- BNL. Submit in 1 year.
B =]/ in AutAu. BNL. Submit in 2 years -

¢ Ry in AutAu(RUNL4).

Georgia State University »

Submit in 1 year-

b Ry, in small systems .

Georgia State University .

Submit in 1 year.

7% — hadron correlations in
aaron

AutAu (RUN10+11+14) .

Georgia State University .

Two PPGs formed.

Jets in Cu+Au.

lowa State University .

Submit in 1 year.

JetsinpipptAlptAu-

Iowa State University »

Submit in 1 year-

% n in forward rapidity with

MPC-EX in d+Au..

Iowa State University »

Submit in 1 year-

Forward EM cluster A;; at| Stony Brook. Preliminary in 1 year-
510GeV .
Forward neutron A, at 63 and | Stony Brook . Submit in 1 year.

510 GeV.

Midrapidity n°and 5 Ay in
p+ A at 200 GeV.

U. Michigan .

Published in PRD.

Forward n cross section and

Ayat 00 GeV -

U. Michigan .

Submit in 1 year.

Forward hadron v2 in AuAu.

Vanderbilt.

Preliminary in 1 year.

Midrapidity 7%and n 4y was
published on schedule

Other analysis are making
progress

We don’t have a new analysis
added to the list

A few analyses are removed
from the list due to lack of the
resource

Collaboration is working to
completing the existing
analyses.

Y
PH-Z-ENIX
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PHENIX DAP Overview

e Data and Analysis Preservation (DAP) was prioritized in PHENIX
in 2019, and in 2021-2022 we maintained steady progress in
previously established work areas

_ The PHENIX website
_ Zenodo digital repository at CERN

_ The HEPData portal
_ REANA (the Reproducible Analysis framework)

o Significant progress in HEPData and REANA since Sand T
review 2022



20

HEPData
Formatting data for HEPData

Text files from

collaboration YAML_Maker
. = == ‘ HEPData
websites - e .
o I Moderate How to n}?lke HEPData Moderate = . ) ———r
manipulatio Abovwtoguid dosned fr ooy anayos formatting /] - ‘ _____ -1
n -"'
g |
Written by undergraduate »
) Some additional
Inconsistent format Requires Easy to install & used Needs header requirements
human input file, proof-reading

Sometimes messy, 2-20 hours/paper

unclear
* As part of DAP effort, PHENIX start publishing data in HEPData
— New papers required to publish the data in HEPData
— started publishing data of old papers, but progress was slow.

 August 2022: C. Nattrass (UTK) made supplemental grant proposal to
cover undergraduate to format PHENIX data for HEPData.



Micah Hillman

Nik Nelson

Graduated May 2023
head undergrad

Y . & d
Christal Martin Tom Krobatsch

e Andrew McAninch Hugh Jones
Christine Nattrass
Supervisor
20-25 undergraduates total, approximately 40% female and 30% URM. Pictures shown for significant contributors.
Dozens of people helped with reviews but of note are: Cesar Da Silva (LANL), Krista Smith (LANL), Roli Esha (Stony Brook), Ron

Belmont (UNC Greensboro), Axel Drees (Stony Brook), Takahito Todoroki (BNL/RIKEN), Takao Sakaguchi (BNL), Sasha Bazilevsky (BNL),
Christine Aidala (UMich), Ralf Sied| (RIKEN)



PHENIX in HEPData
September 2023 Q Heppa:

% PHENIX Search Advanced

IMaxresults~ ~ l¥Sortby~ = l%Reverseorder Showing 10 of 162 results

192 total entries N
28 before 2020 il ........ ,
125 from UTK

Collaboration Reset [3 Inspire Record 2641468 % DOI 10.17182/hepdata.139098

' l n d e rg ra d l l a t e S % PHENIX 162 Presented are the first measurements of the transverse single-spin asymmetries (A y) for neutral pions and eta mesons in p+Au and p+Al collisions at /3y = 200 GeV in the

Transverse single-spin asymmetry of midrapidity 7° and 7 mesons in p+Au and p+Al collisions at

pseudorapidity range [n| <0.35 with the PHENIX detector at the Relativistic Heavy lon Collider. The asymmetries are consistent with zero, similar to those for midrapidity neutral pion...

Subject_areas B8 2 data tables
. I | u S 2 2 i n I ’ rO! ; re SS nucl-ex €D Figure 2 () Data from Figure 2 (a) of the ¥ transverse single-spin asymmetry in y/5N — 200 GeV p! +Au and p!-+Al collisions as a function of pr.
hep-ex 67 Figure 2 (b)Data from Figure 2 (b) of the 7 transverse single-spin asymmetry in /s Ny = 200 GeV p!+Au and p'+Al collisions as a function of pr-

nucl-th 1

3 9 fro m t h e p reVi O u S effo rt Phrases Measurement of ¢-meson production in Cu+Au at /s = 200 GeVand U+U at /5 = 193 GeV

transverse momentum 33
The PHENIX collaboration Abdulameer, N.J. ; Acharya, U. ; Aidala, C. ; et al.

mid-rapidity 19
D t f I t I I f : ! :l 8 midrapidity G Phys.Rev.C 107 (2023) 014907, 2023.
a a O a I I l O S a O [2) Inspire Record 2623245 % DOI 10.17182/hepdata.132483
Reactions The PHENIX experiment reports systematic measurements at the Relativistic Heavy lon Collider of ¢-meson production in asymmetric Cu+-Au collisions at , /8 yx=200 GeV and in U+U
° VSN
collisions at , /8 ya=193 GeV. Measurements were performed via the ¢ — K * K ~ decay channel at midrapidity |n] < 0.35. Features of ¢-meson production measured in Cu+Cu, Cu...

E l e r I S ; O e pp-->CHARGED X 2

AuAu->CHARGEDX 21 814 data tables
° ° d Au --> CHARGED X 10 Figure3ab Invariant transverse momentum spectra measured for ¢ mesons in (a) Cu+Au and (b) U+U collisions at /s = 200 GeV at midrapidity
| | b | I S I I e d I I I H E P D a t a Figure3cd Invariant transverse momentum spectra measured for ¢ mesons in (c) Cu+Au and (d) U+U collisions at 4/ = 200 GeV at midrapidity. Data-to- Levy fit ratios.

CM Energies (GeV)

Figure4 The ¢-meson nuclear modification factors R 4g measured as a function of pr in different centrality intervals of (a) to (d) Cu+Au collisions at 1/ =200



REANA

e REANA is a framework of analysis -
preservation reana
— Analysis environment (libraries, etc) are in Reproducible research data analysis

container (Docker) platform

— Workflow in YAML Flexible ~ Scalable  Reusable Free

. Inthe S&T review, we reported thatwe | . s s
started implementing full analysis chainof ¢ ¢ = &g ©
one of key analyses in REANA @ BNL

— d+Au pi0 and direct photon

_ Implementation of data/analysis part is
now completed



REANA

Copyofslide#8 * First PHENIX analysis in

i i REANA
m%and direct photon in d+Au .
o — * This is one of the key results,
£, n”\/s_w=2OOGe¥;#ly|<0.35 7 arXiv:2303.12899 .
Ty i ~ now submitted to PRL
AL 8 =i | RS S S B
Lo T : : : * Help from NPSS for
Tt o 0% T . i implementation
- e ey ' 0.8 — .
g : t * Input from analyzers is
R i 0.7 d+Au |s,, =200 GeV - tial
ot e, b TR oG 5P <18Geve : €ssentia
i v ' Q : ’ :I\II\\‘I\\‘\Ill\l\‘\\\‘lll‘\\\‘\I\l\\E
R 02 4 6 810121416 18 * People
o ® e 11 EXP - :
Pummm Neoi Maxim Potekhin
i : if % 3 # « 1Y is suppressed relative to direct photon in central d+Au Dm|try Smirnov
;"" e - Evidence for ° suppression in most central d+Au Niv R
A Sy Unique capability of PHENIX pHENIX IV-ham

Gabor David



REANA: d+Au analysis work flow

1b
Raw inclusive y spectrum
(MB + ERT)

1a
Raw n¥ spectrum
(MB + ERT)

P

Single y simulation

3a ) 3b ‘ 3¢ ‘ 3d ‘
of n? ri:‘:?x;le:mutnlie rrencz?s,tfruction 20? ;:E;Tw&l?r% le:)f ﬁg? :c t?;;:ri; of single i?nﬁfnet?fuinmfetcn;suuaiou
w - *  Blue and Green steps are
5 6 Oslnrg-?;mn Estimationl . . .
- domide || R implemented in REANA
' ! - . B e Large scale production of
2 T TR LcsagiEnscn "Modified inclusive 7 spectrum . .
b o . ', nd S Blue (DST->pDST) is by Taxi
R * Green steps can be
from al, n, ', and @ .
Eogend | repeated in a few hours
Data Froen Ran 16 0 collson s Raw diet yseceam * Detailed documentation in
4(c‘cntrality bias tactors 4' léormcteddircct'fspectrum % PH EN |X DAP Slte
. y 4 Y
High level [ ]fm, it ] Direet yivarian el
analysis

e The analysis page located at https://www.phenix.bnl.gov/analysis/dAuPiOPhoton.html serves as the central hub for preserving PHENIX's
"Direct y in d+Au collisions" analysis, ensuring its longevity and reproducibility over time

e The analysis steps outlined by the blue and green boxes in the flowchart have been encapsulated within a containerized environment,
bolstering their future reproducibility

e The outputs of the PISA simulation steps (pink boxes) are presently drawn from Niveditha Ramasubramanian's original work

e Essential data, including response matrices, is uploaded into the Zenodo repository, accompanied by a unique RQ
. . IR I ol
enduring preservation DOl 10.5281/zenodo.8117401



https://www.phenix.bnl.gov/analysis/dAuPi0Photon.html
https://zenodo.org/record/8117401

REANA: d+Au analysis

Published =% and y spectra Same spectra from REANA / Docker

o L T T T T T ] &
oy . 0 \J‘SNN =200 GeV, |y|<0.35 1 = g ' ! T3
> oLt 8 8 d+AU | = F 7 d+Au \s = 200GeV, | < 0.351
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REANA: Lessons learned and Future Plan

 Implementing high level analysis of the d+Au direct photon and r*
took about 6 months
— needs heavy involvement from the actual analyzer
— needs about 1 FTE on the BNL side
« Current d+Au implementation is just to reproduce the published
results. Ideally, we want to preserve analysis such that the data
can be re-analyzed in different ways. This requires further effort
Future Plans
* Implement more key analyses in the same level
— J /4y in dimuon arms (starting)
— Di-electron and direct photons with conversion
— Heavy flavor in central arms/VTX
 Requires resources and support to complete these plans



DAP: Needs dedicated resource

 PHENIX completed data taking in 2016
— High statistic data in 2012-2016 remain to be analyzed

— These data sets with unique PHENIX capability are still the best data sets for
many important analysis

— Preserving the knowledge to analyze the PHENIX data is essential to extract
physics
 PHENIX effort sets precedent for sPHENIX and STAR as RHIC shut down in 2025
« DAP effort needs both of support of computing experts and physics analyzer

— REANA implementation of the d+Au analysis required > 0.5 FTE x 6 months
for both effort

« PHENIX is working on DAP, but its effort is limited by available resource
— DAP effort cannot be sustained by volunteer work by collaborators

— DAP competes for resource with other needs, and tends to be considered as
“less urgent”

— Even for a small amount, a dedicated resource will make a big difference



Summary
* PHENIX completed its data taking in RUN16

 Publication status

— PHENIX continues to publish high impact results, but with reduced rate
* Publishing ~8 papers per year
* Focusing on topics with unique capabilities of PHENIX

— More resources are needed for analysis and publication of key physics topics
— Support to PHENIX analysis is essential to continue it

* Data and Analysis preservation
— Publishing PHENIX data in HEPData --- almost complete

— First attempt to preserve a full analysis chain in REANA
— Dedicated resource is needed to continue this effort
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