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PHENIX

e “Pioneering High Energy Nuclear
Interaction eXperiment”

e One of the two large RHIC
experiments

e Alarge, complex general purpose
detector with a considerable
physics reach and complex
analyses

e Please see the “PHENIX Collaboration Community” on Zenodo, the CERN-based
digital repository: https://zenodo.org/communities/phenixcollaboration/
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PHENIX today

e Data taking finished in 2016 with ~24PB of raw data accumulated

e Active analysis work underway (average ~10 articles a year in 2019-2020)
o  Total of >240 published papers + many more conference contributions (total ~1200 items)

o  Atotal of 165 PhD theses and counting

mall systems observed by PHENIX
(an 2021)

| systems observed by PHENIX
cotaboraton. Jan, 2028)

in nucleus-nucleus collisions measured by PHENIX
an, 2021
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PHENIX J /4 Measurements in p +Al, p +Au, and 3 He+Au collisions
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What is DAP?

e The goal of the Data and Analysis Preservation (DAP) is to maintain the capability of
experiments to reliably perform analyses over a long period of time, thus protecting and
leveraging the significant investment of the funding agencies and the science community.

e Retaining data (i.e. so-called “bit preservation”) only makes sense if the analysis
expertise and necessary software and infrastructure elements are equally well preserved.

e Being able to access and process data previously collected opens up opportunities to
apply novel analyses techniques, test new models and make corrections if necessary.

e DAP also has important outreach and educational aspects.
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Data and Analysis Preservation in 2020s

In the past decade, DAP has gained an increased prominence in the scope of effort of
major High Energy and Nuclear Physics (HEP/NP) experiments, driven by the policies of
the funding agencies as well as realization of the benefits brought by DAP to the science
output of many projects in the field.

There are challenges in preservation of the necessary software and infrastructure
elements in an organized and functional state.

o However, even if the software is well organized and documented it won'’t be useful without
detailed knowledge of how to apply it in the specific domain

o DAP thus brings focus to knowledge management - which is also conducive to the quality of
the current research i.e. has short- and medium-term impact

DAP is aligned with the goals of “software sustainability” (a relatively new term)

In this presentation, we are sharing the experience, technology choices and status of the
effort of the PHENIX Collaboration in this area.
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DAP: quotes from the experts

If there is one lesson in this story it is the need to take a “holistic approach” — data without the
software is often useless, as is software without build and verification systems and/or necessary
additional data (alignment, calibration, magnetic field maps etc.) These are typically stored
separately and involve distinct services that evolve on independent timescales and with lifetimes
typically much shorter than the period for which the corresponding “data” needs to be preserved.

https://doi.org/10.5281/zenodo.2653526 “Software Preservation and Legacy issues at LEP” (J.Shiers)

No matter what preservation tools are developed that might enable reuse of software, analysis
techniques, and data, if they are not conceived from the beginning as an integral part of the standard
frameworks, retrofitting will be nearly impossible.

https://arxiv.org/abs/1810.01191 “HSF White Paper: Data and Software Preservation to Enable Reuse”
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The role of the facility

e DAP universally depends on continuity of services and expertise provided by the facility.
This is especially true for PHENIX: BNL SDCC is its only functioning computing site.
In addition to bit preservation (mass storage) the facility provides software builds and
provisioning capabilities (including containers, CVMFS etc), databases and more.

e Any planning of DAP must include facility involvement over the relevant time period.
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Nuclear and Particle Physics Software Group

e htips://npps.bnl.qov/

e “The Nuclear and Patrticle Physics Software (NPPS) Group in Brookhaven
National Laboratory’'s Physics Department participates in a wide range of
experiments across BNL's nuclear and particle physics programs. NPPS provides
software and expertise across many technical areas, with a particular emphasis on
common software solutions.”

e NPPS provides DAP support for PHENIX and is a natural venue for
cross-experiment and cross-site development and collaboration in this area.
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The DPHEP Collaboration https://dphep.web.cern.ch/

International Collaboration for Data Preservation and Long Term Analysis in High Energy Physics

i Each represent
thth collaboratiol fo ta reservation in High Energy Physics.

m
INSTITUTE ¢

/
ﬁ

RHIC & AGS Users Meeting 2021 € Data and Analysis Preservation 4 6/10/2021 4 M.Potekhin (BNL NPPS) BROOKHEATEN

AAAAAAAAAAAAAAAAAA

IN2P3



https://dphep.web.cern.ch/

DPHEP: BNL Participation

BNL is a member of the DPHEP Collaboration which was formed at CERN ca. 2013

“The collaboration aims to create a natural forum for the high energy physics
community to foster discussion, archive consensus, and transfer knowledge on
technological solutions and the diverse governance applying to the preservation of
data, software, and know-how in the high energy physics community.”

SDCC (BNL) is an active DPHEP partner on the facility side, participating in DAP
technology development and testing. This gives BNL and the RHIC community optimal
access to the state-of-the-art methodologies and tools.

PHENIX members participated in the DPHEP Workshop at CERN in 2019 and continue
to be actively engaged with and receive guidance from DPHEP
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DPHEP: definition of standard tiers of Data Preservation

7 \
e Level 1: Data Products used in publications. !
o Such as data points and errors used in plots, in numeric format v
o cf. the “HEPData” portal: https://www.hepdata.net/ PH>>/\<<EN|X

e Level 2: Special Purpose Datasets for Education and Outreach. !
o Select datasets + virtualized or otherwise portable analysis software + documentation 1
o cf. the “OpenData” portal: https://opendata.cern.ch/ /

e Level 3: Reconstructed Open Data; may be released in future
o Implies a more complex analysis environment than in Level 2
o Requires adequate software and computing infrastructure to be properly used

e Level 4: Raw Data. Preserved, but not considered useful for release.
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https://www.hepdata.net/
https://opendata.cern.ch/

(®) HEPData

Q phenix % PHENIX

1 Maxresults ortby~ | I Reverse order Showing 25 of 47 results

Date
L.LI'ILILI .I Centrality dependence of charged particle multiplicity in Au - Au collisions at S(NN)**(1/2) = 130-GeV
2 - The PHENIX collaboration K.iA ; Atanand, N.N.; et al.
2001 200

Phys.Rev.Lett. 86 (2001) 3500-3505, 2001.

Collaboration Reset 5 %001 107

% PHENIX a1
E

Subject_areas Table 1

nuck-ex

Dilepton mass spectra in p+p collisions at s**(1/2) = 200-GeV and the contribution from open charm

‘The PHENIX collaboration A

Phys.Lett.B 670 (2009) 313-320, 2009,

i P

etse pairs have b

BBEK experiement has measured the electron-positron pair mass spectrum from 0to 8 GeVjc*2in p+p collisions at sqrt(s)=2

tral shape predicted by PYTHIA, we estimate the

(GeW. The contributions from light meson d

charm production cross section to be 54

ed hadrons correla flavor conse

s dominated by s f charm vation. Using the sps

um Dependen

Nexts show All

Reactions
AU AU ~> CHARGED X
AU AU ~> NEUTRALX .

For the 5% most central collisions we find ANy, /dn g = 622 = 1(stat) = 41(syst). The re

arch  Advanced

analyzed as a function of central

ments of hadron production cross sections by [BHERIN. They accol

+/-142{syst) +/- 200(model) \mu b, which is consistent with QCD calculations and measur

emains relatiy

PP
A . Measurement of the mid-rapidity transverse energy distribution from s(NN)**(1/2) = 130-GeV Au + Au collisions at RHIC
AU AU M BOTTOMBAR X E) The PHENIX collaboration Adcox, K. ; A \.;etal.
Phys.Rev.Lett. 87 (2001) 052301, 2001.
Nexts show All

Observables

S erse energy per participating nucleon rises steadily with the a
SIG {3 which s a factor of L6 larger 8 GeV (Pb+Pb at CERN)

cipants, closely paralieling the rse in charge density, such that E_T /N
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HEPData - useful features

@ HEPData  Queschterosts

Q Browse all

& Adare, A. et al.

©About @ Submission Help #ISignin

Last updated on 2014-08-1117:26 [l Accessed 799 times ~ 39Cite

< Hide Publication Information

Inclusive double-helicity asymmetries in neutral-pion
and eta-meson production in p + p collisions at

V/8 =200 Gev

The PHENIX collaboration

Adare,A. , Aidala, C. , Ajitanand, N.N. , Akiba, Y. , Akimoto, R. , ALTa'ani, H. ,

Alexander, J. , Andrews, KR. , Angerami,

Phys.Rev. D90 (2014) 012007, 2014.

https://doi.org/10.17182/hepdata.

are presented from data recorded in 2009 by the PHENIX
elativistic Heavy lon Collider for the double-longitudinal spin
LL), for PI0 and ETA production in sqrt(s) = 200 GeV polarized pp
ison of the PIO results with different theory expectations based on
ed data showed a preference for small positive values of gluon
(G), in the proton in the probed Bjorken x, XB, range. The effect of
9 PI0 data to a recent global analysis of polarized scattering data

experiment at
asymmetry, A
collisions. Cor
fits of other pi
polarization,
adding the ne}
is given.

Download All Table 2 10.17182/hepdata.cs71651/t2

Data from Table 4
Y Filter 9 data tables

8.3% sys,pol.

£8.3% zys,pol.

£83% sys.pol

> PI0 ASYM(LL) measurements from 2006.
cmenergies observables
$ 2000 © AsvM
Table 2 >
Data from Table 4
/hepdata 847
PIO A LL) measurements from 2006.
RE P P -->Pl0 < GAMMA GAMMA > X
>
SQRT(S) 200.0 GeV
PT(PI0) [GEV] ASYM(LL)
1.3 {bin: 1.0- 1.5) 0.0012 £0.0013 stat 20.00075 syrellumi
>
15-2.0 0.00146 £0.00082 =tat 20.00075 zyz,eLtumi.
2.23 (bin: 2.0- 2.5) 0.0007 20.00084 stat 20.00075 syz,reLlumi
2.72 (bin: 2.5 - 3.0) 0.0 40,0011 stat 0.00075 sysrellumi. £8.3% sys,pol.
bles >

3.22 (bin:3.0-3.5) -0.0006 £0.0016 stat £0.00075 sys,sellumi.

3.72 (bin: 3.5 - 4.0) -0.0013 £0.0023 stat +0.00075 =yz,rellumi
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HEPData as a part of the PHENIX DAP work

hepdata.net
e Durable data storage and discovery with minted DOls, for preservation of numerical
data used in publications e.g. plots and tables
o To be uploaded, the data needs to be formatted according to HEPData specifications (YAML)
o Formatting and validation can require substantial work, depending on the material
e Data can be easily exported in a standard format to facilitate comparisons with other

experiments and theory
e Currently PHENIX has committed 47 entries to this portal vs its total of 240 publications
o PHENIX publication policy has been updated in 2020 to mandate HEPData submission
packages for all new publications, and work on older items happens “as time permits”
o We use GitHub to develop and review materials, the process is well understood and well
organized - however lack of available effort remains a problem
o Thanks to C.Nattrass for many contributions to this work area
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OpenData

e OpenData - a versatile system for
aggregating and preserving software, data
and documentation pertaining to analyses
published by the experiments

e PHENIX is finalizing its first contribution to
this portal, containing NTuples and ROOT
macros which illustrate analyses of the data
with the Electromagnetic Calorimeter

e NB. The system mints DOls
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Analysis of the di-muon spectrum using data from the
CMS detector taken in 2012

Wunsch, Stefan

Cite as: Wunsch, Stefan; (2019). Analysis of the di-muon spectrum using data from the CMS
detector taken in 2012. CERN Open Data Portal. DOI:10.7483/OPENDATA.CMS.AAR1.ANZQ

[somae [ svarss L cus L cemeirc)

Description

This analysis takes data from the CMS experiment recorded in 2012 during Run B and C and
extracts the di-muon spectrum. The di-muon spectrum is computed from the data by calculating
the invariant mass of muon pairs with opposite charge. In the resulting plot, you are able to
rediscover particle resonances in a wide energy range from the 7 meson at about 548 MeV up to
the Z boson at about 91 GeV.

The analysis code opens an interactive plot, which allows to zoom and navigate in the spectrum.
Note that the bump at 30 GeV is not a resonance but an effect of the data taking due to the used

trigger. The technical description of the dataset can be found in the respective record linked below.

The result of this analysis can be compared with an official result of the CMS collaboration using
data taken in 2010, see the plots below:

CMS Open Data VE=8TeV,L, = 116"

Pl pw |
S| vi1,239) z
L v

1 10t
Sl _/\/w
10t | 10°
F \s=7Tev

10 1 L, =40pb?

wk’
& ¥
J

Events /GeV.
- ,é

10°
Dimuon mass (GeV/e?)

e

Help

About ~
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PHENIX EMCal - an OpenData entry (work in progress)

SYSTENT [T = U IS UIE VWEST 7L, Megative < 15 OUtI):

The MBntup.root file is produced from minimum bias data (no lower limit on single cl
pr in gnt or pair py in ggntuple), whereas in ERTntup.root the threshold for single ¢
pr in gnt is 5GeV, and the threshold for pair pr in ggntuple is also 5 GeV. Note that

here we restrict only the pair pr, the energy of the individual clusters can be (and oft

significantly lower.

L

Variable name

Description

cent
vtxZ
pt
costheta
phi
sec
ecore
ecent
tof
prob
disp
chisq
twrhit
stoch
X

y

ggntuple->Draw("mass","mass<1.0");

ggntuple->Draw("mass", "mass<0.4&&pt>8.0");
gegntuple->Draw("mass>>htempl", "mass<0.4");
ggntuple->Draw("mass>>htemp2", "mass<0.4&&chisql<2.0&&chisq2<2.0");
htempl->SetLineColor(1);

Event centrality

e b 1365<0.058)

z-vertex of the event
Transverse momentum of t.
Polar angle of the cluster (

Azimuthal angle of the el

FIG. 2. ERT data, plots from the pair ntuple. Left: energy asymmetry distribution for all pairs.

EMCal sector of the cluste
“Core” energy of the cluster (y-candidate)

Energy in the central tower of the cluster (y-candidate)

Time-of-flight in the central tower of the cluster (vy-candidate)
Probability that the cluster is a photon (based on x2)

Dispersion of the cluster (y-candidate)

x? from expected photon shape of the cluster (y-candidate)

Number of towers in the cluster (y-candidate)

Combined variable to describe “photonness”™ of the cluster (y-candidate))

z-position of impact point on the EMCal surface

y-position of impact point on the EMCal surface

z-position of impact point on the EMCal surface

il

PR

FIG. 1.

can see

than 8 GeV/e. You can clearly see the combinatorial background outside the peak. which should

p— 2) ;

e Fig. 1.

revss (et Of i (mass<d.484et8 0 mavss (mams<0 4}

bl b e

ERT data, plots from the pair ntuple. Left: Invariant mass in the 0-1 GeV region. You

a strong 7” and a well-recognizeable 7 peak. Middle: 7° peak for pairs with pr greater
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PHENIX: Challenges of Knowledge Management

e Need to keep records of software provenance, dependencies, configuration, user
pattern (e.g. which specific macros/libraries run, arguments, sequence, conditions...)

e “Data artifacts” such as conditions- and calibrations-type data which may be produced
for the purposes of a particular analysis and depend on details known mostly to the

people involved in this analysis
o For example, analysis-specific dead channel maps, recalculated efficiencies, “good run” lists etc
o  Fiducial cuts specific to the analysis (not always documented for reuse)
o Numerical data in the code (unclear provenance)

e Information spread across a few legacy web resources - for the software, detector and
subsystem information and other documentation
e There is a required “KM” section in the Analysis Note template, but its efficacy is not
always optimal
e Lots of “moving” parts, not easy to capture and document
o Even more difficult after the analysis is done, paper published and the team moves on
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The DAP Strategy in PHENIX Bit preservation

)

Analysis capture Improved
Web-based documentation

A highly-functional
repository for research
materials
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The new website: https://www.phenix.bnl.gov/

“ Experiment Results Detectors ¥ Software [5=] Analysis & About (§)

s
PH--ENIX

PHENIX, the Pioneering High Energy Nuclear Interaction eXperiment, is the largest of the four experiments that have taken data at the
Relativistic Heavy lon Collider. Data-taking was finished in 2016 and the PHENIX Collaboration is now analyzing large data samples
previously collected, prioritizing those with a unique physics reach.

This website has been created by the Collaboration to support its Data and Analysis Preservation effort. Materials are collected from legacy
web resources, curated and systematized for placement on this site. New content is created with the specific purpose of aiding in the long-
term analysis preservation. This effort leverages best practices and tools developed in the High Energy and Nuclear Physics communities
such as Zenodo, HEPData and Open Data portals.

PHENIX members: please examine the list of work items and let us know if you can help.
Site built at 2021-03-23 12:26:37 -0400

A o
BROOKHRVEN PH ENIX

NATIONAL LABORATOR
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https://www.phenix.bnl.gov/

The website as the main portal to PHENIX info

Links to the many resources are provided and managed on the new PHENIX
Website:

o O O O O

(@)

Zenodo (a digital repository developed and maintained by CERN)
HEPData, OpenData

InspireHEP

GitHub, Docker Hub

REANA

Technical notes and descriptions of the detector subsystems, run history etc

The website effectively replaced legacy web resources which were getting
more and more difficult to maintain

Design philosophy - ease of long term maintenance and security

We are using a static site generator (Jekyll) to achieve these goals
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Zenodo@CERN - the PHENIX community

https://zenodo.org/communities/phenixcollaboration

e Zenodo is a world-class digital
repository

e PHENIX-branded
e Curated
e Discoverable

e Well-suited for long-term
preservation, with DOIs

e Carefully indexed (keywords
are managed on the PHENIX
website)

e Elastic search capability
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PHENIX Collaboration

Recent uploads

[ i [ open s
ni0-hadron correlations in 200GeV Au+Au collisions
Wong, Cheuk-Ping;

The study of jet modifications helps to understand the properties of the QGP. In this research, jets are studied using To-
hadron azimuth correlations which use high momentum neutral pions as triggers to indicate the presence of a jet.

PHENIX measurement of system size dependence of low momentum photon
production

Esha, Roli;

Direct photons provide information about the space-time evolution of matter produced in relativistic heavy-ion collisions.
PHENIX results are presented

Seamber 20,2020 1)
Study of jet modifications at PHENIX using two-particle azimuthal correlations and
high-pT hadrons

Wong, Cheuk-Ping,

Summary of observables in heavy-ion collisions and the nuclear modification factors.

& New upload

& phenix-dap-l@lists.bnl.gov | +

s
PH--ENIX

PHENIX Collaboration

The purpose of this community is to promote the
long-term Data and Analysis Preservation goals and
mandate of the PHENIX Collaboration (RHIC)

Curated by:
PhenixCollaboration

Curation policy:
Not specified
Created:

Want your upload to appear in this
community?

« Click the button above to upload a record

NATIONAL LABORATORY
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December 1, 2013 [ Thesis | Open Access |

An example Of a Low Momentum Direct Photons as a Probe of

Heavy lon Collisions

- petti. Rict & Communities
' ' l ' l Petti, Richard
I e O PHENIX Collaboration % Remove
Thesis supervisor(s)

Drees, Axel

Essential to the study of he:
probe of the collisions, sinc

y useful

collisions are probes that are produced in the collision itself. Photons are a\

n about the
ue to the onset of 8 5
ect photon yield excess

@ Views & downloads

in} L 4 ¥ Page 39 of 192 — 4 Automatic Zooms & B >3

e PhD theses are committed T O p en AlRE

to Zenodo and tagged with
keywords

e Conference contributions b T =
nx’-}‘“ 10 - Ztl‘ i(lA i Hv. A< 0 - 60 -

for the past few years are B

. Figure 1.20: A calculation of the thermal photon v, [rom |23|A The dotted
; & 7 direct photon
committed to Zenodo oo ropraseok thovos <& therasl phicomes cmitied lrom: b GGD, duntd [ i | diectphonon | i [ emca
curves represent the vy of thermal photons emitted from the hadron gas, and [ b ] zde ] runo7  heavy ion |

solid curves represent the time averaged thermal photon v, integrated over the Awarding University:
entire evolution of the system. ‘The various colors represent the calculation - SUNYSB
Communities:

PHENIX Collaboration
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An example of a subsystem page on the new website

Experiment Detectors Q' Software =]~ Analysis ‘;-: ~ Results . s Resources

Electromagnetic Calorimeter

Write-ups
. PHENIX Electromagnetic Calorimeter (EMCal) — Detector Basics (G.David)
. Explanation of PHENIX triggers (A.Bazilevsky)

Theses

. The Quark Gluon Plasma probed by Low Momentum Direct Photons in Au+Au Collisions at Vsyy=62.4GeV and Vsyy=39 GeV beam energies (Vladi
Khachatryan)
. Inclusive jet production in proton-proton and copper-gold collisions at VsNN = 200 GeV (Arbin Timilsina)

Publications
* PHENIX Calorimeter  (NIM A 499, 2003, doi.org/10.1016/50168-9002(02)01954-X)

* High Energy Beam Test of the PHENIX Lead-Scintillator EM Calorimeter High Energy Beam Test of the PHENIX Lead-Scintillator EM Calorimeter

Presentations
. PHENIX Focus: Electromagnetic Calorimeter (Gabor David)

Variables and Accessors under PHCentralTrack Node (used for charged particle analyses)

Type, Name Description

float | get_pemcx x-component of the projection of the cgl track onto the EMC (cm)
float | get_pemcy y-component of the projection of the cgl track onto the EMC (cm)
float | get_pemcz z-component of the projection of the cgl track onto the EMC (cm)
float | get_plemc path Length following particle trajectory from vertex to EMC

time of the EMC hit. This time has been back-corrected inPHCentralTracks to be the physical time instead of the photon flash time. The reason is

float | get_temc ’ ; -
ek that the former is more useful for calculating properties of a charged track.

float | get_emcdphi difference in phi (rads) between the track model projection and the hit in emc
float | get_emcdz difference in Z (cms) between the track model projection and the hit in emc
float | get_emcsdphi emcdphi variable normalized to SIGMAS (after calibrations)

float | get_emcsdz emcdz variable normalized to SIGMAS (after calibrations)

Hosition resolution of the EMCal deﬁends qun the shower gﬁe emcdﬁhi variable in SIGMAS assum\'nﬂ the resoution agﬁroﬁriate for EM showers
RHIC & AGS Users Meeting 2021 € Data and Analysis Preservation 4 6/10/2021 4 M.Potekhin (BNL NPPS) BROOKHEAEN
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Capturing the Software Environment

Most of the PHENIX software is not portable e.g. cannot be built and used on
an arbitrary system outside of SDCC
Containerization offers a partial solution to this problem
o Also opens the possibility to use REANA (next slide)
Work is currently underway to create images of the analysis software

environment using two different methods

o Deployment of PHENIX libraries on CVMFS
o Creating a custom image by selecting most relevant libraries

We are using GitHub to manage Dockerfiles, Docker Hub for image delivery
and also a private Docker registry at BNL to provision software to REANA
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REANA: hitps://reanahub.io/

e Demonstrated in real-life, large
scale analysis scenarios at CERN

e The software environment is
captured in containers

e The workflow is captured by using
a structured description (YAML)
with options for both linear

reana

reana

Reproducible research data analysis

workflows and arbitrary DAGs pIatfo rm
e Increasingly popular in projects
including the EIC ;
9 . Flexible Scalable Reusable Free
e Deployed at BNL, with PHENIX
team Currenﬂy on the |earning Run many Support for remote  Containerise once,  Free Software. MIT
curve, running analysis macros computatlohal compute clouds. reuse elsewhere. licence. Made with
workflow engines. Cloud-native. ¥ at CERN.
e Both storage and CPU can be 5 R -
scaled up if resources available ‘ & (S) N
. . seamas:, \J \"\’_/\
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Lessons learned

e DAP: plan and start early (should be a part of someone’s job description)
o The effort will pay for itself by increasing productivity
o PHENIX is fighting an uphill battle here due to a late start

e Avoid building in-house information systems, there are plenty of tools available

o State-of-the-art services such as Zenodo, OpenData, HEPData, REANA, Inspire etc cover a
vast majority of the experiments’ needs

e Containerization solves many of the challenges of capturing the software
environment - use it!

e Create websites for the long haul (static site generation works well)

e Prioritize analyses for preservation as effort is always limited

e Alot of potential for DAP collaboration across many projects
o Including future experiments e.g. EIC
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