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> |ntroduction

= Data preservation in HEP
= An international initiative: DPHEP

= The scientific potential of HEP data

> DPHEP data preservation models

= Current strategies of the experiments

= Emerging projects in the DPHEP community

> Future working directions

= Where we are now, where we need to go, and how that’s going to happen
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Experimental particle physics in the collider era

> A wide variety of physics results from
many, often very different experiments

> Energy frontier probed with increasingly
complex accelerator installations

= New experiments typically supersede previous,
similar ones - but not always

> Growth in size of the necessary
international collaborations, as well as
the diversity of the data management
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The last years have seen the end of several experiments
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The last years have seen the end of several experiments
Luminosity of KEKB S =7 KEKB, 30 \June 2010

Oct. 1999 - June 2010

The Tevatron, 30 September 2011
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After the collisions have stopped

> Finish the analyses! But then what do you do with the data?

= Until recently, there was no clear policy on this in the HEP community

= |t's possible that older HEP experiments have in fact simply lost the data

> Data preservation, including long term access, is generally not part of
the planning, software design or budget of an experiment

= So far, HEP data preservation initiatives have been in the main not planned by the
original collaborations, but rather the effort a few knowledgeable people

> The conservation of tapes is not equivalent to
data preservation!
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Initiatives in other fields

> Data preservation and in particular open access and data sharing are
present in other fields such as:

= Astrophysics, molecular biology, earth sciences, humanities and social sciences
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The difficulties of data preservation in HEP

> Handling HEP data involves large scale traffic, storage and migration

= The increasing scale of the distribution of HEP data can complicate the task

> Who is responsible? The experiments? The computing centres?

= Problem of older, unreliable hardware: unreadable tapes after 2-3 years
= The software for accessing the data is usually under the control of the experiments

> Key resources, both funding and person-power expertise, tend to
decrease once the data taking stops

> And a rather key ingredient to all this is: why do it?

= Can the relevant physics cases be made?
= Who says we want to do this anyway?
= |s the benefit of all this really worth the cost and effort?
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Support for data preservation in the HEP community

In your opinion, how important is the issue of data preservation ?
(top/blue: theorists, bottom/green: experimentalists)
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Support for data preservation in the HEP community

In your opinion, when should this effort start in order to be the most effective ?
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DPHEP: An international study group on data preservation

B q E Study Group for Data Preservation and
e I'IIE Lcn.g Term Analysis in High Energy Physics
S b &

> First contacts established in September 2008

= Group since grown to over 100 contact persons
= Endorsed as an ICFA panel summer 2009

= All 4 LHC experiments joined in 2011

> Steering Committee: representatives from all members

> |nternational Advisory Committee:
= Jonathan Dorfan (Chair, SLAC), Siegfried Bethke (Chair, MPIM), Gigi Rolandi (CERN), Michael Peskin (SLAC)

Dominique Boutigny (IN2P3), Young-Kee Kim (FNAL), Hiroaki Aihara (IPMU/Tokyo), Alex Szalay (JHU)
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DPHEP: An international study group on data preservation
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DPHEP: An international study group on data preservation

> Series of DPHEP workshops held since 2009

Al el e o 2 WORKSHOP ON DATA PRESERVATION

AND LONG-TERM ANALYsIS IN HEP

4" Workshop on Data Preservation i
High Energy Physics

8-10 July 2010 @

Jan 2009: DESY May 2009: SLAC Dec 2009: CERN Jul 2010: KEK May 2011: Fermilab

> The first task of the group was to establish the working directions

= “To confront data models, clarify the concepts, set a common language, investigate
technical aspects, compare with other fields handling large data.”

> Initial findings published in an interim report December 2009

= Focus on four key areas of the study group: Physics Case for Data Preservation,
Preservation Models, Technologies, Governance arXiv:0912.0255
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New DPHEP publication

DPHEp.zmz_oo‘
May 2012
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Data Preservation in High Energy Physics

L he
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Www, dPhL‘p.org

Abstract
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Building the physics case: Reasons to preserve HEP data

> Long term completion and extension of an existing physics program

= Up to 10% of papers are finalised in the “archival mode”

= Gain in scientific output of the experiments

> Cross-collaboration and combinations of physics results

= During the active lifetime of similar experiments at one facility: LEP, HERA, TeVatron

= And later across larger boundaries: Belle/BaBar, TeVatron/LHC

> Reuvisit old measurements or perform new ones

= Access to newly developed techniques, comparisons to new
theoretical models

= Unique data sets available in terms of energy, initial states

> Use in scientific training, education, outreach
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What is HEP data?
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| Digital information

.4 The data themselves,
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DPHEP models of HEP data preservation

Preservation Model Use Case g
)
1| Provide additional documentation Publication related info search ks
O o
2 | Preserve the data in a simplified format Outreach, simple training analyses ; i

c
3 Preserve the analysis level software and Full scientific analysis, based on @ §
data format the existing reconstruction g B
4 Preserve the reconstruction and simulation | Retain the full potential of the = E‘
software as well as the basic level data experimental data S

v

> These are the original definitions of DPHEP preservation levels from
the 2009 publication

= Still valid now, although interaction between the levels now better understood
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DPHEP models of HEP data preservation

Preservation Model Use Case
1| Provide additional documentation Publication related info search Documentation
2 | Preserve the data in a simplified format Outreach, simple training analyses | Outreach
3 Preserve the analysis level software and Full scientific analysis, based on _
data format the existing reconstruction Technical
: : : : : Preservation
4 Preserve the reconstruction and simulation | Retain the full potential of the Projects
software as well as the basic level data experimental data

> These are the original definitions of DPHEP preservation levels from
the 2009 publication

= Still valid now, although interaction between the levels now better understood

> Originally idea was a progression, an inclusive level structure, but now
seen as complementary initiatives

> Three levels representing three areas:

= Documentation, Outreach and Technical Preservation Projects
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Level 1: Documentation

> The organisation of documentation turns out to be quite a task

= Dedicated task forces set up by many of the experiments

= Much material from pre-web days, or using all kinds of web applications

> INon-digital) Cataloguing, organisation, scanning or
photographing of appropriate of papers, notes,
drawings, talks from pre-web days, detector
schematics, blueprints, logbooks, ...

= New Virtual Archives established by the experiments

> |Digitali Old online shift tools, detector configuration files, electronic
logbooks, detailed run information, web content from out-dated servers
with dead links, various wikis, meetings, talks, ...

= Replacement of old web servers by VMs, hosted by the computer centres

= Replacement of old pages to newer technologies such as wikis (use of (T)wikis much
more prevalent in the LHC era)

= Use of external services for hosting collaboration material
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Documentation projects with INSPIRE

Internal notes from all HERA experiments now available on INSPIRE

Experiments no longer need to provide dedicated hardware for such things
Password protected now, simple to make publicly available in the future

I N S P I R E Waicome to INSPIRE! INSPIRE |s out of beta and ready to replace SP|
please emall us at faadbackg@inspirahen.net

Her INST HELP 3 SPIRES HepNAmEs

ZEUS Internal Notes

Use “find * for SPIRES-style search (other ips)

nd 10 ZEUS IN- 104K

Ay Seach
| Search eyt

This collection is restricted. If you are authorized to access it, please click on the Search button.
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Documentation projects with INSPIRE

> Internal notes from all HERA experiments now available on INSPIRE

= Experiments no longer need to provide dedicated hardware for such things
= Password protected now, simple to make publicly available in the future

I N ( p I p F Waicome to INSPIRE! INSPIRE Is out of beta and ready to replace SP)|

Welcome to INSPIRE! INSPIRE s out of beta and ready to replace SP|
please emall us af feedbackginspirehep.net

Hep > SPIRES HepNAMES

J Login

Use

l This collection is restricted. If you think you have right to access it, please authenticate yourself

Username: |zeus

Thi
59 password: [
! Remember login on this computer.
IEETN (Lost your password?)
HEP S i .
Fowered by|  NOt@: You can use your nickname or your email address to login

Last updatey
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Documentation projects with INSPIRE

> Internal notes from all HERA experiments now available on INSPIRE

Experiments no longer need to provide dedicated hardware for such things

Password protected now, simple to make publicly available in the future

I N ( P I P F Welcome to INSPIRE! INSPIRE Is out of beta and ready fo replace SP
P | R E Welcome to INSPIRE! INSPIRE s out of beta and ready to replace SP|
please emall us af feadbackEinspirehep net

- ZEUS Internal Notes 10 records found

1. Inclusive-jet production in NC DIS with HERA II.
ZE | Terron C Glasman. ZEUS-IN-09-004 .

Lo References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNot¢
9 Detailed record - Similar records

Use "

!__J_,_ Thia og 2 Three-subjet distributions in neutral current deep inelastic scattering.
eani E. Ron C. Glasman, J Terron. ZEUS-IN-09-003.

Passy References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote

Qetailed regord - Similar records

This g

3 2009 Guide to Funnel: The ZEUS Monte Carlo Production Facllity.

HEP e A Parenti. ZEUS-IN-09-002.
Powerd 1|  Note:

Problemsg References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
Last updatey Q I | _5 'l

4 Automated calculation of radiative correction to electron-proton charged current DIS at HERA.
|. Marfin. ZEUS-IN-09-001.

References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
Detailed record - Similar records
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Documentation projects with INSPIRE

> Internal notes from all HERA experiments now available on INSPIRE

= Experiments no longer need to provide dedicated hardware for such things
= Password protected now, simple to make publicly available in the future

I N IquSI Pplr'.R E Wﬂcﬂ"v:ot: | N S P | R E :T:Iﬂcgn:“:ualﬁgga[taﬁ!INSPIREinmlofbetnandrandrloreplanu SPIRE|

Her . INST @ SPIRES HEPNAMES
- ZEUS Internal Notes
1. Inclusive-jet production in
ZE J anron Olasma ZEU& |||||||| I |ﬂ"u|on| ICMM!I| IFIIIll
LOg References | BibTeX |
Use * Detail - Simil
ﬂi . recor] - BikaCoRRc Q Inclusive jet production in NC DIS with HERA Il - C. Glasman, J. Terron . ZEUS-IN-09-004
This cq
= 2 Three-subjet distributions \}
U E. Ron C. Glasman, J. Terrd
sern|
This g Pasih References | BibTeX |
Retailed record - Similar records B zEusoooos
32009 Guide to Funnel: The vorsion 1 ZEUS-00-004.05 G2 113874 k5] 21 Sep 2011, 1813
T e A Parenti. ZEUS-IN-09-002.
Powerd 1|  Note:
Problem

References | BibTeX |
Qetailed record - Similar records

4 Automated calculation of
|. Marfin. ZEUS-IN-09-001.

References | BibTeX ||
Detailed record - Similar records

> The ingestion of other documents is under discussion, including theses,
preliminary results, conference talks and proceedings, paper drafts, ...

= More experiments working with INSPIRE, including CDF, DO as well as BaBar
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HEP outreach initiatives

> Many initiatives promoting outreach efforts and to improve the public
understanding of science in general

I fiir Bildung
(| ) TEILCHENWELT «e-veeee QUARKS, ELEKTRONEN & CO. ....

und Farschung

TUE DARTICIE ADNVENTIIROE
U7 Ve U NS e e v V e | Q| TS e

S s A
i 67 [ <(%¢
oD THE FUNDAMENTALS OF MATTER AND FORCE P 4 3
LANGUAGES MIRROR SITES the DOE and NSF \ r
INTERNATIONAL

An award-winning interactive tour of quarks, neutrinos, antimatter, International Particle
extra dimensions, dark matter, accelerators and particle detectors from Physi 2 s
ysics Outreach Group hands on particle physics

the Particle Data Group of Lawrence!Berkeley National Laboratory.

F‘ U _THE STANDARD MODEL THE LARGE HADRON COLLIDER A :
The theory of fundamental EXPLORES UNSOLVED
particles and forces . l
'l TR Y

MYSTERES
GOl

5% ACCELERATORS AND il
ARTICLE DETECTORS B \_/ &
- ) - *
GO! GO!
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Science Hack Day: Increasing the access to LHC data

http://cms.web.cern.ch/news/cms-public-data-activity-scoops-prize-nairobi

CMS public data activity scoops prize in Nairobi

g+ 4 M Tweet | 11 ElLike < 27

An application using real event data from CMS has won “Best Science” prize in a public

“Science Hack Day” held in Nairobi between 13" and 15" April 2012. Science Hack
days bring together a wide range of enthusiastic members of the public to create
something completely new using existing scientific systems or data.

The winning application visualized real CMS di-muon events from the 2011 LHC run,
which are made public for use in various educational pregrammes, such as the IPPOG
Masterclasses, Quarknet and 12U2. The application showed an animation of muons
produced in CMS superimposed on a map of the world, showing where they would go if
they were to continue without stopping (which they don't in reality).

CMS use of public data in a "Science
Hack" event in Mairobi. Photo credit: Matt
Biddulph, via Flickr

Other prizes were awarded to Leah Atieno, a 15-year-old high-school student, for a
voice-controlled walking robot and Denis Munene for a crowd-mapping platform to help
promote the fight against malaria.

The Mairobi event, involving 240 developers, is part of broader series of Science Hack
Day events. CMS data previously featured in another very successful event in San
Francisco.

Mews article by Gythan Munga, Humanlpo
See photos of the event

Youtube film

Link to more Science hack events
2012-04-20, by Lucas Taylor

Application developed to visualise where
muons from CMS would go if they
continued forever
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Level 2: Simplified formats for outreach

> Within DPHEP and the member collaborations
there are generic ideas, such as common
formats and user interfaces

= |n terms formats, much can be learned from other fields
such as astrophysics or life sciences

> Such outreach formats in HEP are typically
based on ROOT, containing particle 4-vectors
and simple event information

= Composite-particle reconstruction, finding signals

= |nitiatives in place at BaBar, Belle and LHC experiments

> A multi-experimental project is desirable, coordinated via DPHEP, and
based in several locations (CERN, FNAL, DESY..)

= To include associated tutorials linked to preserved HEP data from several sources
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Technical Projects: DPHEP preservation levels 3 and 4

> This is really the main focus of the data preservation effort

= Level 3: Access to analysis level data, MC and the analysis level software

= Level 4: Access to reconstruction and simulation software, retain the full capability

> Deciding on level 3 or 4 depends on the scope of your project

= What do you want to be able to do in N years time?

= Only level 4 gives full flexibility, but this also means not relying on frozen
executables and binaries but rather retaining the ability to recompile: more work

The majority of DPHEP experiments aim for DPHEP level 4 preservation

> Remember: it's not about the data, but about still being able analyse it

= Either keep your current environment alive as long as possible

= Or adapt and validate your code to future changes as they happen

> Two complimentary approaches taken at SLAC and DESY

= Both employing virtualisation techniques, but in rather different ways
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50 Batch and
XROOTD file )

> New BaBar system installed for |
analysis until at least 2018 =_.

N '
The whole LTDA Cluster in its final setup
- in the SLAC computing building

> Isolated from SLAC, and uses
virtualisation techniques to
preserve an existing, stable and
validated platform

> Complete data storage and

Infrastructure

user environment in one o
system -

> Required large scale investment: 54 R510 machines, primarily for data
storage, as well as 18 other dedicated servers

= Resources taken into account in experiment’s funding model during analysis phase!

> From the user’s perspective, very similar to existing BaBar infrastructure
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The BaBar Long Term Data Access archival system

BBR-LTDA-VM
| B > Crucial part of design is to
ltda-srv001 [ NIC | ltda-srv054 [ NIC
B . G & o] allow frozen, older platforms to
| () o ) || oo .~ runin asecure computing
el o) el ] emvironment
sRuoASY ] | | I e > Naive virtualisation strategy,
oo | S0 | e el o not enough
Infrastructure servers S?r i 5
':g'" j = Cannot support an OS forever
Cenraly | | M Guest =k 5 _
Vanoges | | SAlSsfsis el Z = Security of system under threat
I‘fg?; - using old versions

> Achieved by clear network separation via firewalls of part storing the data
(more modern OS) and part running analysis (the desired older OS)

> Other BaBar infrastructure not included in VMs is taken from common NFS

> More than 20 analyses now using the LTDA system as well as simulation
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The sp-system at DESY

H1 Software = |T"§"‘ Test OK
Zeus Software §
$EXP Software |
| == os lib missing

ROOT, GEANT,..\ § Tracking code error
External SW : 13 EXP-SW

2 | Data unreadable

L= IT & EXP-SW

SL5/SL6/Debian/., §
IT provides VMs

| Physics results diverge
= SW & Physicist

> Automated validation system to facilitate future software and OS transitions

= Ultilisation of virtual machines offers flexibility: OS and software configuration is chosen by
experiment controlled parameter file

= Successfully validated recipe to be deployed on future resource, e.g. Grid or IT cluster
= Pilot project at CHEP 2010, full implementation now installed at DESY

> Essential to have a robust definition of a complete set of experimental tests

= Nature and number dependent on desired preservation level
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Example structure of the experimental tests: H1 (Level 4)

Compilation Validation
outside | within Vs — R ——

M | Compilation of | .1 MC generaturs \
s N | MC generators | - to come J
i to come r "'"~ : - e
! . - ) . AL =
i) Simulation/ i : :"(DST production EWED &
4l Reconstruction : s [T ErT all periods pJ
4l Fortran snapshot : s AN ~

software 1

repasitar'y_:f

( HAT/uODS ] E:”‘“ )2

] _1- d=t2all all periods !,

mmmmma Fastlet

' "*(Event Display j

currently cvs®

1
1
1
:
1
1
.":
1
.
HP
1
1
"
1
1
"
1
1|
1
1

mammma Neurobayes

e

I . -.. E 1:;'_‘. '_. . '\.f
Do "‘rrl-'-‘h'_-.fsms Analysew

Analysis . : B ‘( ~g

Software L8 hioo : - ¥ h1oo Executablew

snapshot .

h1oo crasia 3
. o’ T
. ! < [ ~&

~ ) running VM Fortran Executablés\}

-« needs access to

Including compilation of individual packages: about 250 tests planned by H1

requires




Digesting the validation results

~ H1 Validation Results
I N R Reebedene] | notin list

> Display the results of the validation in a
comprehensible way: web based interface i

[ Description of used software version:

'H1_64bit_VT79_4.0.21

> The test determines the nature of the results

= Could be simple yes/no, plots, ROOT files, text-files
with keywords or length,

Results of Tests

I RSN (WOHIObeome] oot in list

}te-st number .ﬂpera.tmg system |1mt VErsion |m.us std output file |i.-rrnr file [plnts |m:rt ﬁlei:

,‘ Tests run with software version: )
| lotsllroot H1_64bit_VT79_4.0.21 I
L — created on: 04.02.2012 (08:06)
HERAT HERATI !
plots [root
— Tl 1996 | 1997 | 1998 2003 2007 ‘
ElUIE | dst2all
dumpHAT variables
plots i Jpsi_mods - I I [ [ ] ‘
1 i ! — - - : — =
. | {
. : : ; plots hibstrec -
.
. % i o i Ty 1 o e —a—p
r onNo - E 13 of 55) =
. . _— ! plois frood = g EO—
. - A e . g L - Bcadh 5
N JT = ' nlots roant l‘ Iy
o | ! '1-.‘ 1 wE [T 1, - ! =%
. 'i._' whoA | Opening ZEUSMC.HFIX627.F15419.4B70.TEEST.Z01.root =) i Kolmogorov test prob.: 1 -
c : | LA AN L
: | " ] ol f | You have chosen to open | ** T * * T ——
: I 1.}‘ . [ 1=k =
.. . I l | __| ZEUSMC.HFIX627.F15419.4B70.TEEST.Z0 .root ‘ 10000 - [ o
. 1 ‘ ) \ ! 1 whichis a: root File (40.7 M8) i Aus an
. M A L ., N i £ e 1
P Ca PR T T T A I I BN NN A N from: hitp://www-zeus.desy.de i A =
+ [l ompz] L —) Ki_jets What should Firefox do with this file? Ingral 10404
. - ‘Skewness 2077
0wk . i Kurtosis 5256
. | @ Save File 4 jEite e
1 : | Mean 209
. H il RMS 251
[ | | [] Do this gutomatically for files like this from now on. = 5 1Y yndertiow
. il f w P 2 E
; | - | ¥ e
. o \l o ‘Skewnes: 79
Cancel 2 =l ukels: 4095 |
' L B T Y I S S R - 0 50 QxR
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Current status of the HERA experiments software

> Common baseline of
SLD5 / 32-bit achieved in pependencos
2011 by all experiments

Process

Accessing common ntuples

= Validation of 64-bit systems
IS a major step towards B
migrations to future OS

ZMCSP (simulate/reconstruct MC)

Creating common ntuples

| Validation

Compilation of s/w

= The system has already
been useful in detecting
problem visible only in
newer software @

Generating MC files
Producing DST files
Producing hloo files
Accessing hloo files
Accessing ndb snapshot

Validation

Compilation of s/w

> Note that this system o
MC generation igitisation

does not concern data i R
integrity e

Producing uDST

= The investigation into data Validation

archival options is underway

SL5
32bit

& Reference

Cernlib

2.3.3 Fastjet

2005
2006

1

Sl
5 ¢35 S
VQ ©m |V ©
Z2 0|2 o
2ol 9
S m|l M
NO| m

ongoing

not done

- problem

ooooooooooo

SL6
64bit




Summary of information from the (pre-LHC) experiments

BaBar H1 ZEUS HERMES Belle BESII CDF D@

End of data 07.04.08 30.06.07 30.06.07 30.06.07 30.06.10 2017 30.09.11 30.09.11
taking
Type of data to | RAW data RAW data Flat ROOT | RAW data RAW data RAW data RAW data Raw data
be preserved based

Sim/rec level Sim/rec level ntuples Simirec level Sim/rec level | Sim/rec Rec. level Rec. level

level

Data skims in | Analysis level Analysis level ROOT files ROOT files

ROOT ROOT data ROOT data ROOT data | (data+MC) (data+MC)
Data Volume 2PB 0.5 PB 0.2PB 0.5PB 4PB 6 PB 9 PB 8.5PB
Desired Unlimited At least 10 Atleast 20 | 5-10 years 5 years 15 years Unlimited 10 years
longevity of years years
long term
analysis
Current SL/RHEL3 SLS SLS sSL3 SL5/RHELS | SLS SLS SLS
operating SL/RHEL 5 SLS SL6
system
Languages C++ C C+4+ c c C++ C C+4

Java C++ C++ C++ C++

Python Fortran Fortran Fortran Python

Python Python

Simulation GEANT 4 GEANT 3 GEANT 3 GEANT 3 GEANT 3 GEANT 4 GEANT 3 GEANT 3
External ACE CERNLIB ROOT ADAMO Boost CASTPR CERNLIB Oracle
dependencies CERNLIB FastJet CERNLIB CERNLIB CERNLIB MeuroBayes | ROOT

CLHEP MeuroBayes ROOT MNeurcBayes | CLHEP Oracle

CMLOG Oracle PostgresQL | HepMC ROOT

Flex ROOT ROOT ROOT

GNU Bisen

MySaL

Oracle

ROOT

TCL

XRootD
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Data Preservation at the LHC

> Reflection just started in ATLAS, ALICE, CMS, LHCDb

= Common understanding that starting earlier will consolidate the long term future
= Strong wish to develop a common policy at CERN and within DPHEP

= Specific cases already identified: Lower energy data, trigger configurations, pile up.

> In terms of documentation, LHC experiments are in good shape

= The electronic era: Twikis, accompanying notes, plans for extended use of INSPIRE

> Qutreach projects and open access explored

> The distributed data model eases the worry | patacomplexity
of data loss

Access rights T

Everyone

= Although as previously stated: no successful
preservation without associated long-term access

Level 2

Almost
everyone

Level 3
Someone

= No concrete plans yet, but level 4 seen as the
ultimate objective

Level 4

v
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A multi-preservation level tool: RECAST

: L. arXiv:1010.2506
> Framework developed to extend impact of existing analyses

> Complementary approach of analysis archival, encapsulating the full
event selection, data, backgrounds, systematics

Before Discovery . After Discovery
tan 3 LI Vp)

> |dea is to recast existing physics
search results to constrain
alternate model scenarios

Original Model

= Complete information from original
analysis contained in the data

= Already performed on ALEPH data,
LHC experiments investigating

Alternative Model

> RECAST does not fit directly into the DPHEP preservati'on levels

= Levels 3 and 4 are in the back-end, containing the complete archived analyses

= However, only the selection in the publication is preserved, it could also be described as

additional information, more like level 1
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Summing up: What has been achieved so far?

> The DPHEP Study Group represents the first large scale effort to address
data preservation in the field of high energy physics

> The initial make up of the group was driven by the coincidence of the end
of data taking at several large colliders, but had grown to include others
Including the LHC experiments

> The activity of the group over the last three years has led to an increased
understanding of the relevant issues, enabling problems to be addressed,
recommendations to be formulated and multi-experiment projects to begin

> To gain the most benefit from the work done so far, a transition from the
current Study Group structure to a new, full time DPHEP Organisation

David South | Data Preservation and Long Term Analysis in HEP | CHEP 2012, May 21-25 2012 | Page 37



The DPHEP Organisation

> Retain the basic structure of
the Study Group, with links

to the host experiments,
labs, funding agencies, ICFA 3
| | Pruep
> Installation of a full time " -
DPHEP Project Manager, S Chair 3 B
who acts as the main $ Steering Committee £a
. . =
operational coordinator a0 1 ® 3
— m w
E Project Management % né_
> The DPHEP Chair = - @
. rchivists Proj
(appointed by ICFA) =
coordinates the steering
committee and represents P ——
DPHEP in relations with ERSRISIRS DA

other bodies
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Conclusion and outlook

>

The DPHEP Study Group has established itself in the HEP community
and has reached a milestone in the publication of the latest report, which
contains a comprehensive appraisal of data preservation in HEP

The group will continue to investigate and take action in areas of
coordination, preservation standards and technologies, as well as
expanding the experimental reach and inter-disciplinary cooperation

In order to do this a transition of the Study Group to the more structured
DPHEP Organisation should occur

It is foreseen that funding must come from different sources, in particular
for common DPHEP enterprises or positions

Take a look at the new DPHEP publication for more details
arXiv:1205.4667
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»  “The workflow of LHC papers” (including INSPIRE), M. Ludmila, Mon 2:45 PM
* “Preparing expts' software for long term analysis and data preservation”, Y. Kemp, Tues 2:20 PM
« Data preservation posters by BaBar, H1, HERMES, ZEUS, as well as RECAST, Thurs PM

« DPHEP session at CHEP, Room 808, Thursday from 1:30 PM
» Featuring reports from the experiments including a dedicated LHC session
» https://indico.cern.ch/conferenceDisplay.py?confld=171962

» — g w
R R P AR e e 8
e T S LR 's—:s-t:‘fn.ra P

U Slalh N - S R

L B S

(L
New York City, Manhattan



EXTRAS
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HEP experimental programmes =%

10 years

2000

2010

today 2020

LHC
LEP
HERA

Tevatron

BaBar
Belle
CLEOC
BES Il
KLOE

RHIC
SPS

pp / ions

ee

ep

PP

ee
ee
ee
ee

ee

pp / ions

Fixed
target

fol ++
0.9 fb?
0.5 fb?!
10 fb1

600 fb?!
1ab?t++
0.9 fb?
fol ++

1 fbt++

Multi-exp
Multi-exp

Unique data sets are
available: what is
their fate?

[not all programmes, dates are approximate, just to give the picture]

b
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Transition scenario and resources at the experimental level

> Planning the transition to a long term analysis model

Data Taking

> R&D phase needed to develop
the projects for the transition

Collaboration Lifetime New organization for physics supervision

> Long term custodianship of the
physics data

Data Preservation

Organization

> Resources / experiment

= Typically a surge of 2-3 FTEs for %?
2-3 years, followed by steady g.?ﬁ H
0.5-1.0 FTE per experiment/lab 38 | O M M [ M
& E R&AD R&D Transition Archival “m

= This should be compared to 300-

500 FTEs for many years per
experiment! Cost estimates represent typically much less than

1% of the original investment

v

Scientific return: O(10%) in number of publications

David South | Data Preservation and Long Term Analysis in HEP | CHEP 2012, May 21-25 2012 | Page 43

&



Collaboration transitions

World , DESY
+

Spokesperson
Deputies
Scientific Secretary

H1 Collaboration (H1 Members)

> Future structure collaborations should also be considered by experiments

Experimental organisation risks being left in an undefined state
Transition should also be planned in advance of the projected end date
Of particular note are authorship issues

Important when considering the future use of data and open access
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Long term completion of the physics programme

. arXiv:1003.0705

LEP Collaboration Papers

i Yun 3
=—Published papers =—Total (incl conferences) -

i | —— Observed Upper Limit
| 25 - Expected Upper Limit
|
|

I [ ]=220
[\/v-/—/-\l‘\-\ i - +1o
P N 2" m, =10 GeV/c’

1000

Number of Papers (INSPIRE Data)
=
8

Nov. 2000:
End of Data Taking

III|IIJllIIII|IIJI|III]|IIII|I%II|IIIJIIII
75 80 85 90 95 100 105 110

Year m, (GeV/c?)

> The publication tail of LEP is long, with new papers still appearing

> Well over 300 papers produced since the end of collisions in 2000
> Recent analysis of LEP data gave unigue limits on a novel Higgs model

> Similar, if not longer publication tails predicted by the BaBar, H1 and ZEUS
experiments, after taking into consideration the plans for data preservation
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80

70

60

50

40

30

20

10

0

Long term completion of the physics programme

M Actual published/approved
Current active analyses

== Total anticipated publications

= Archival system usage

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

H1 Publications

I Fublished
Planned

Possible

15

10

92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 and beyond
Year

10

PRI

g

o
'

L

.|n41....|.—i..

anticipated

HERA I, data 1991-1995
HERA Ib, data 1996-2000 |
HERA I, data 2003-2007 _
data preservation mode |

= 2015 active analyses
= 2015 future topics

1995

2000 2005 20010 2015 2020 2025 2030

> Similar publication tails predicted by the BaBar, H1 and ZEUS
experiments, taking into consideration the plans for data preservation
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Cross-collaboration combinations of physics results

> Combination of data from multiple

experiments to produce new scientific

results

= Improved precision
and increased
sensitivity

> Comparison of
experimental results

= Complimentary
information from
different physics

= Verification of
experimental
observations

> Both objectives facilitated by data preservation

Mass of the Top Quark

July 2011 (* preliminary)
CDF-I dilepton 167.4211.4(=103= 49)
D@-I dilepton 168.4=12.8 =123+ 3.6)
CDF-Il dilepton B | 17032 37 (-20=5.
D@-1l dilepton 5 1740+ 8.1 (= 182 25)
CDF-I lepton+jets B 176.12 7.3 (51253
D@-| lepton+jets T T 1804253 as-a9)
CDF-Il lepton+jets r ] 17804 1.2 £07211)
D@-1l lepton+jets - 174.9=1.5 (08=12)
CDF-| alljets ;aa.o £11.5(:10.0£57)
CDF-Il alljets * m | 172.5=20 (14214
CDF-l track i

CDF-Il MET+Jets *

166.9= 9.4 (-90=28)

172326 (=18=138)

Tevatron combination * ™' 1732+ 0.0 (062 08)
= stal = syst)
| | | | ¥’Idof = 8.3/11 (68.5%)
150 160 170 180 190 200
L (GeV/c?)

+ 2.
Ornc(xQ)

08

0.6

04

02

x=0.0002$@ ﬁg, %ﬁ

H1 and ZEUS
x=0.002 e HERA INC e*p
0 ZEUS
© H1

x=0.008

Ilo 10% 10° T 10°
Q*/ GeV?
CDF Run Il Preliminary

T | T
W AA ., CDF
== AA_, BABAR
1l AA ., Belle
I AA LHCb
WAL BaBaR
" A Belle
77 A LHCb

No CP violation
P-value = 8.04x10°®

2-dim 68.27% CL
------- 2-dlim 95.45% CL

o 2-dlim 99.73% CL
—e— 1-dim 68.27% CL

5

2‘ d
ASS %]
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Revisit old measurements or perform new ones

M ag? [ ' ; ogs O anria  MNKO 4nNLLA
0.19 ~ * 2009 - En
| ot ~ { JADENNLO 1 P ]
1 omf . % ALEPHNNLO :
> 016 | LT, My, By, By, Co vy 013 | ] 1 I
N 1 oss) - IESAESE
X o4 ? 0.2 f + l.H{H-M .{
i T 0.1 ' — ag(m,)=0.1210=0.0061 o1
0 TS S Y TR S S 01" o 107 = UoaSR N SRV SRRV DY
1 0 o [Gev] /s [GeV]
] o, from Jet Cross Sections in DIS
> Access to newly developed techniques, o, | o
. . i * Hidatafor5<Q?<100Gev: (@LLb)
comparisons to new theoretical models 05| ¢ Miomaroratisocev: S
L Fit from Q? > 150 GeV? [arXiv:0904.3870]
= History to be repeated with the HERA o, measurements D eororame
0.20

> Unique data sets are available in terms of initial

state particles and energy o6

= HERA e*p, Tevatron pp, fixed target experiments.. ot0F L
10 10?

= Early LHC data: 900 and 2.36 TeV, 2010 low pile-up 7 TeV... b,/ GeV
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What about LHC 900 GeV and 2.32 TeV data? And 7 TeV data?

o 4501 T
S O Ecoms
Lo S e
§, g e 7 :— ¥  UA1NSD O NALB.C. inel. é .
g 2010 -~ vV STARNSD 2 ISRinel. .
% 100 g A UAsnsD A UAS inel. b
0 - - W CDFNSD ¢ PHOBOS inel. + ]
s ot P ayinzor0 Tk ALICENSD ¢ ALICE inel. g ]
o O @ CMSNSD -
Centre-of-mass Energy 09 TeV 236 TeV & - ’
Selection Number of Events _g 4F _
BPTX Coincidence + one BSC Signal 72637 18074 < - Z
One Pixel Track 51308 13029 o - ]
HF Coincidence 40781 1098 5 30 E
Beam Halo Rejection 40741 10939 - ]
Beam Background Rejection 40647 10905 ol 7
Valid Event Vertex 40320 10837 B ]
1C -
_ . 2.716 - 0.307 In s + 0.0267 In?s ]
> Early LHC measurements made using ; 1.54-0.086In 5+ 0.0155 In" s | |
data at a unique centre of masses o ————
10 10 10° 10*
> 2010 low pile up 7 TeV data also at risk \'s [GeV]

> What happens when 14 TeV comes?
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Data analysis models in HEP

“Data Processing Model

wy

DO Analysis Model Raw Data

o Analysis
Skimming  Format Data

2EMhighpt |__,|ROOT

tlee\

Raw | | geconstr. [—2munignpt —RO9TL " Physics
Bt Data ; : Analysis i
i i Run periodically over “run period”
==

Online system

MC simulation chain

—
Calib dataset
i

MUInclusive|

Tag database

tree

Certification

Data Quality

Jan 26,2009 Q.Li Data Preservation Workshop 4
BOS /| FPACK / Fortran C++ / ROOT
/ oDs |}
DST - > E 18 kB/event
18 kB/event conversion 0Ds not stored
18TB ”“T 11

copy

~ selected uODS ;13225
information 3 kB/event algorithms
gl & "

¥

200 kB/event
add first basic 200 TR
reconstruction

75 kB;'event
75718

HAT
0.4 kB/event
s, 04TB 7 User
o o Code
{ G UserTree #
? kBl/event |
?TB ',1

> Complicated, at first glance different

> Familiar descriptions of data analysis chain, from

. . Skim Production
reconstruction to analysis level

SLAC, GridKa, UK

the AWGs being hosted at the site

= RAW (— POT )— DST — ntuple — analysis
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Data analysis models in HEP in the LHC era

Event Summary Data (ESD): ~1 MB/evt
Analysis Object Data (AOD): ~100 kB/evt
derived data (dESD, dAOD, NTUP....)

distributed over the Grid

Calibration

CERN
Analysis

Data Recording to tape
First Pass Processing

Simplified picture

Primary Dataset
shipped at Tier-1

Central Skim output
shipped at Tier-2

Final samples
10 Tier-| centers shipped at Tier-3
RAW data copy on tape
Analysis data on disk
Reprocessing fast
processing |*
and FWLite E
at Tier-3 iy
37ﬂ'evs2cent.erf
e A & ® - Be .S 99
SIS ) g & 5
<1 S & ] U] 39
Q S| \ e A D
S 335 NQ\\ a /ﬂr‘ﬂ S
> More skims - yes = N o N - B
g{;{%& ’ TW (ASGC) NL(SANIKHEF) //Hg’?‘ 5
> More distribution - certainly U §1 '
FR (CCIN2P3)
> More complexity - perhaps.. 3,,\1 &
r’ yq ES(PIC) UK(RAL) q ¢ %g
; ﬁﬁ 3 \ § Sﬂgg
> Data placement is key, but w S 2
analysis-wise it’ s still very s, gy TR By °
similar to what we had before & ‘B % “ N
N & 95

Sy
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2008

Eur.Phys.J. C64 (2009) 251-271
e-Print: arXiv:0901.0488 [hep-ex]

Abstract: Events with high energy isdkated electrons, muens or tau leptons and missing transverse momentum are studied using the full eMpm p
data sample collected by the H1 experNnent at HERA, corresponding to an integrated luminosity of 474 pb*{-1}. Within the Standard Model, events
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preliminary results, earlier draft versions and
documentation from the publication procedure
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For completeness, the HERA data summary

; > Final ZEUS data reprocessing to mDST completed in 2009

= Basic preserved data format: ROOT based “Common Ntuples” (CN)
= Ultimately RAW, MDST data and MC removed from robots, keep only CN
= Reduces total amount to be preserved for ZEUS from the current 1 PB to ~ 200 TB

@Dy > Final H1 reprocessing of HERA Il data 2009, HERA | repro almost there

= Common analysis software H10OO started in 2000, uses ROOT based data format, used by all H1
= In addition, a monthly MC production of up to 1/4 billion events

= H1 to preserve RAW data, as well as one DST version and one analysis level version
= Estimate total amount to be preserved for H1 to be ~ 200-500 TB

ﬁ@é > Main format for HERMES analyses is the mDST

= New production planned before final freeze
= Last years of data taking with recoil detector, still need improved calibrations
= MC productions on Grid for on-going analyses

= Total amount to preserve on tapes ~ 20-500 TB

| > Preservation of HERA-B data under investigation within DESY-IT

= Total amount of data currently ~ 250 TB, decreases once preservation model established
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Example structure of experiment tests: ZEUS (Level 3 + MC chain)

> ZEUS strategy: use ROOT based analysis level Common Ntuples as | 4
data format for preservation — DPHEP level 3 =

> Only external dependence is ROOT

= Validation of new ROOT versions included as analysis level tests in the sp-system

> However, the MC production
chain executables will also
be preserved as a
standalone package

> In addition, an interface for
new generators Is
developed, which is also
iIncluded in the validation
system

Ref. MC Ntuples




Running jobs in the sp-system

> Initial step
= Compilation of analysis (level 3) and sim/rec (level 4) software
= Or: use tar-balls with pre-compiled software
= Provide access to software
Copy tar-balls to persistent storage
= All output kept in directory with unique name
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Running jobs in the sp-system

> Initial step

= Compilation of analysis (level 3) and sim/rec (level 4) software
= Or: use tar-balls with pre-compiled software
= Provide access to software
Copy tar-balls to persistent storage
= All output kept in directory with unique name

validatifn step
> Run parallel tests g step
= Set up software environment build step
= Validate binaries with persistent input
e.g. event display, database access, ... [--------- { RRRTRRPRRR B Y e ( RRREORPRRR
......... T.-..-...-. r e I/ .........T......-...
&)
......... S S S
......... T---------. ""-""?""""" -.-..-...T.-..-..-..
......... ?-..-......
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Running jobs in the sp-system

> Initial step

= Compilation of analysis (level 3) and sim/rec (level 4) software
= Or: use tar-balls with pre-compiled software
= Provide access to software
Copy tar-balls to persistent storage
= All output kept in directory with unique name

> Run parallel tests

= Set up software environment
= Validate binaries with persistent input
e.g. event display, database access, ... [|------- (EEREORPRED

> Run sequential tests

= Set up software environment
= Validate file production

1. MC generation (produce gen files)

2. Reconstruction (gen. files — DSTs) |- s I "2 RO ;S
3. Analysis level (DSTs — ROOT files) |- (REEES e N B SR
= Tests use output of previous testas input | S—
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Securing the resources

> The new DPHEP organisation will develop at least three levels:
= Experiment / collaboration level projects
= Multi-experiment level initiatives

= Global DPHEP level projects or positions

> It is foreseen that funding must come from different sources, in particular
for common DPHEP enterprises or positions

> The experiment and laboratory level projects are highest priority (1-2 FTE
per site), followed by the appointment of the DPHEP Project Manager,
which is a full time position

> Many potential multi-experiment projects also exist, including those
shown today, which depend on additional funding, typically 0.5-1 FTE
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DPHEP person power

requirements

David South | Data Pr

Global

agencies.

Project Goals and deliverables Resources Location, possible funding source,
and timelines | DPHEP allocation
Experimental | Install an experiment data 1 FTE installed | Located within each computing team.
= Data preservation task fores o as soon as Experiment funding agencies or host
5 Preservation | define and implement data possiole, and laboratories. DPHEP contact ensured,
m Task Force preservation goals. imcluded in not necessarily as a displayed FTE.
= upgrade
o projecis
;- Facility ar [Drata archivist for facility, part 1-2 FTE per Expariment common Dersan power,
a Labaratory of the R&D team or in change laboratory, support by the host labs or by the
E . | Data with the running preservation installed as a funding agencies as a part of the on-
E i Preservation | system and designed as Common going experimental program. A fraction
@ T | Projects contact person for DPHEP. resource. 0.2 FTE allecated to DPHEFR far
Eg technical support and overall
organisation.
General Provide a comman framework | 1 FTE installed in DESY, as present host of
validation for HEP software validation, the correspanding initiative. Funding
frarmewaork leading o a commaon from common projects. Cooperation
repository for expenments with upgrades at LHC can be
software. Deployment on grid envisaged. Part of DPHEP.
and contingency with LHC
computing also part of the
goals.
Archival Install secured data storage 0.5FTE Multi-lab project, cooperation with
systems units able to maintain complex industry possiole. Included in DPHEP
data in a functional form over PETrSON pOWEer,
long pericd of time without
intensive usage.
Wirtual Provide a design for exporting | 1 FTE The host of this working group should
dedicated regular analysis on farms 1o be SLAC. Funding could come from
analysis closed virtual farm able to central projects and can be considered
farms ingest frozen analysis systems as part of DPHEP.
for a 5-10 years [ifetime.
RECAST Ensure contact with projects 05FTE Installed with proximity to the LHC, the
comact aiming at defining interfaces main consumer of this initative, with
between high-level data and strong connections o the data
theory. presarvation initatves that may adopt
the paradigms.
High level Extend INSPIRE service to 0.5-1.5 FTE installed at cne of the INSPIRE partner
objects and documentation and high-lewe laboratories,
INSPIRE data object.
- Outreach Install a multi-experimeant 1 FTE eentral | A coordinating role can be plaved by
E project on outreach using + D2FTE per | DPHEP in connection with a large
= preserved data, define experimeant outreach project existing at CERM,
3{_‘ common farmats for outreach DESY or FNAL. The cutreach
¥ y and connect to the existing contributions from experiments and
& =§ events, laboratories can be partially allocated
E = to the common HEP data outreach
project and steerad by DPHEP.
o | DPHEP DPHEF Project Manager 1FTE A position jointly funded by a
= | Organisation combination of laboratories and
g
O




LEP Paper Tables

2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | Total | 2004-
2009

ALEPH 46 42 24 34 12 9 4 4 2 607 65
DELPHI | 64 30 31 58 21 19 7 7 2 678 114
L3 51 40 23 52 16 11 5 2 0 578 86
OPAL 61 38 32 55 9 11 4 3 2 675 84
All 222 150 110 199 58 50 20 16 6 2538 349
Table 1: Statistics of peer-reviewed publications of the LEP collaborations.
Papers 2004-2009 ALEPH DELPHI L3 OPAL All
Electroweak 17 26 22 24 89
QCD 19 25 19 22 85
Higgs Searches 6 14 8 9 37
SUSY Searches 4 7 5 9 25
Exotica Searches 5 12 10 7 34
Flavour Physics 6 15 4 5 30
Exclusive Channels 3 8 8 2 21
Cosmo-LEP 3 3 6 0 12
Other 2 4 4 6 16
Total 65 114 86 84 349

Table 2: Distribution of physics topics in LEP publications in the years 2004-2009.
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