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High Energy Physics Data are Unique

The experimental data from these
experiments still has much to tell
us, from the existing analyses still
to be completed..
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High Energy Physics Data are Unique

A generation of HEP
experiments are
concluding their data
taking and winding up
their physics
programmes

The experimental data from these
experiments still has much to tell
us, from the existing analyses still
to be completed..

..but they may also
contain things we do
not yet know, which
may only come to light
at a later date via LHC
data or a new theory
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The Last 50 Years of High Energy Physics
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e Energy frontier probed with complex experimental installations
e New experiments normally supercede previous/similar ones
e What is the present situation?
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The Pre-LHC Landscape
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Precision frontier
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The 2010 HEP Landscape (Colliders)

“LEP is scheduled to be dismantled soon so that

e e*e: LEP ended in 2000 ambitious LHC proton collider, which is due fo
come into operation in 2005.”
— No follow-up decided (ILC?) - after 2020 [CERN Courier, Dec. 1st, 2000]

o e*p: HERA end of collisions at HERA in 2007
— No follow-up decided (LHeC?) - after 2020

o B-factories: BaBar ended in 2008, Belle — Belle II
— Next generation in a few years (2013-2017)

e pp: Tevatron ends soon (in 20117)
— The majority of the physics program will be taken over at the LHC
— However: p-pbar is unique, no follow-up foreseen

Data taking at HEP experiments takes 15-20 years, and some
data are unique

— What is the fate of the collected data? (where “data” means the full experimental information..)
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After the End of Data Taking
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Thank You HERA R.I.P. Time [hl

e Have a party, dismantle the detector, finalize
the analyses, have another party.. ~ 5 years

e And then what do you do with the data?
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... and from a recent email

Dear Dr. Diaconu [HI Spokesperson],

In the tape storage area we still have 4132 tapes of
type 3840 containing HERA data.

- We do not have a functioning reading device anymore
and the storage area was polluted recently, so it is
likely that the tapes are damaged.

- Would you like us to send you these tapes or should
we destroy them directly?

Yours Sincerely,
Tape administration service
[A large computing centre]

- " " " " " " " e e - = " " " " e e .- - e " " " " " " " " " e
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A Common Situation?
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“We cannot ensure data is stored in file formats

appropriate for long term preservation.

“We cannot ensure those data are still usable - the

software for exploiting those data is under the
control of the experiments.

“We are sure most of the data are (not easily)

accessible!”

More on this later...
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Why should we preserve HEP Data?

e We may want to re-do previous measurements
— Increased precision, reduced systematics
— New and improved theoretical calculations / MC models
— Newly developed analysis techniques

e We may want to perform new measurements

— At energies and processes where no other data are available
(or will become available in the future)

e Investigate if new phenomena found today
— Go back and check in the old data
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Why is dlfflcult to preserve HEP Data?

':E‘u‘;nf’;-'_-iii‘-’m e Good data taking period is
T towards the end of running
Overview
du programme e The eXiSting resources (funding
HERA Jpgrade and expertise) then decrease
Delivered when the data taking stops
Luminosity
e Dedicated resources for
1981 1984 1992 preservation need to be
P T T e T planned early!

proposal approval startup

H1 Person Power Survey 2008

W Electrical Power 250
Funding | People o ot
Maintenance 200 m
Service Engineers o Total FTE
Students
B Polarimeter 150

W Gases, LN2 for
LAr 100

m Cooling, Helium,
LN2

Decommissioning

50

® Computing
2000 2002 2004 2006T2008 2010 2012 2008 2009 2010 20" 2012
end of data taking

o
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Data Preservation: Support in the HEP Community

arXiv:0906.0485

PARSE.Insightis financed by the

lns'g“htt N __;;%%y - European Commission and run at CERN

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

0.4%
Irrelevant
0.9%
Moderately 3.3%
important 8.7%
Important 15.2%
25.6%
Very 41.7%
important 40.5%
. 39.5%
Crucial
24.3%
0% 10% 15% 20% 25% 30% 35% 40% 45%
o 70% of physicists say very important or crucial!
e However, no coherent strategy exists: In general, HEP data

are lost

UA1, CDF Run 1, LEP?
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International Study Group on Data Preservation
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DPHEP Activities

e First contacts in September 2008

o Series of DPHEP workshops held in 2009
@ DESY (Jan) @ SLAC (May) @ CERN (Dec)

First Workshop on Data Preservation
and Long Term Analysis in HEP 2ND WORKSHOP ON DATA PRESERVATION
AND LoNG-TERM ANALYSIS IN HEP.

DESY, Hamburg, Germany
Mon 26 - Wed 28t January 2009

May 26-28, 2009
SLAC National Accelerator Laboratory

oo X

f
K ey I

o Confront data models, clarify the concepts, set a common
language, investigate technical aspects, compare with other
fields (for example astrophysics)

o Activities endorsed by ICFA summer 2009
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DPHEP Visibility
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Intermediate DPHEP Report Released Nov 2009

DPHEP-2009-001
July 30, 2009

Data Preservation in High-Energy Physics

Sy Gooup for Data Presarvation and
PPEsEP 1ong Do Avalyss tn High Rvaryty Phyatos

http://dphep.org

Abstract

Data from high-energy physics (HEP) experiments are collected with significant financial and
human effort and are mostly unique. At the same time, HEP has no coherent strategy for data
preservation and re-use. An inter-experimental Study Group on HEP data preservation and
long-term analysis was convened at the end of 2008 and held two workshops, at DESY
(January 2009) and SLAC (May 2009). This document is an intermediate report to the
International Committee for Future Accelerators (ICFA) of the reflections of this Study
Group.

e First recommendations of the

group published November
2009 arXiv:0912.0255

Report covers the four areas
— 1. Physics Cases

— 2. Preservation Models

— 3. Technologies

— 4, Governance

In this talk:

Present the main ideas,
project scope and preliminary
recommendations of the
DPHEP study group
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Part 1: Physics Cases for Data Preservation

e HEP data are mostly unique and have true scientific potential

e Several physics cases can be presented for preservation

— Long term completion and extension of the existing
physics program: safeguarding the data

— Cross collaboration between experiments - usually done
towards the end of the programmes

— Re-use of old data: go back and do something new
— Use in scientific training, education, outreach
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Extending the Current Programme

Papers from all 4 LEP experiments (SPIRES Data)
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e Physics subjects are published after

the end of collisions/collaborations

e 5-10% of the papers are finalized in
the “archival mode”

2008

EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN)
ALEPH publication in 2010

Search for neutral Higgs bosons
decaying into four taus at LEP2

The ALEPH Collaboration*)

arXiv:1003.0705
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Cross Collaboration and Combinations

e Combined results already exist from LEP, Tevatron,
HERA, BaBar+Belle (in progress)

Mass of the Top Quark (*Preliminary)
H1 and ZEUS CDF-1aH 167.4+10.3 = 4.9
. ! ) DO-1 dil ’ 168.4 +12.3 = 3.6
Q*=10GeV _ - | 4x12.3+3.
COF-lldH 171222729
L . —_———
0k —— HERAPDF1.0 DO-II di- 174729+ 2.4
B exp. uncert. . —_——
[ model uncert COF-l14 176.1+5.1+ 5.3
| EE— * e ) e
O\ parametrization uncert. A DO-I 1+ 180.1+3.9+ 3.6
0.6 - e HERAINCe P "CDFl s -0
I \ - 172.1+09+1.3
ZEUS o
) DOl 173.7+0.8+ 1.6
» H1 _ o
04 CDF-l all§ 186.0+10.0+ 5.7
CDFIlall B 1748+1.7+1.9
- * .
02 COF-Il trk 175.3+ 6.2+ 3.0
- ‘TeVatron Mal’Ch’OQ 173 1+ O 6 - 1 1
© T (stal) = (syst.
[ ‘ ‘ ¥2/dof = 6.3/10.0 (79%)
— m——— , , , . , [ Lt = e b NN ‘ I
10 . 102 . 1 150 160 170 182 190 200
X M, (GeV/c?)

e Preserved data would make possible more combined analyses across experiments
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e Improve precision on former measurements
e Apply new and improved theoretical predictions
e Check new physics in the old data samples

Re-use of Data from Old Experiments

e Investigate discrepancies

o(Q)

04 |

0.3

0.2

0.1

A= =200MeV

140 MeV

1 L1 11l

1989

G. Altarell

1 1 Ll 1L 11l

JADE: full raw data preservation,
software revitalisation, needed
many individual initiatives

T—r—rT

¢ JADE NNLO+NLLA

D
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10 . 100 )
Q [GeV] 10
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10 recent publications
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History may well repeat itself....

e Around 10% of measurements are dominated by non-
experimental errors: theory (N"LO?) and simulation..

e More recent precision
measurements of o:

o, from Jet Cross Sections in DIS

OLS -
- " H1datafor5 < Q? < 100 GeV?

0.25 H1 data for Q2 > 150 GeV?

L Fit from Q% > 150 GeV? [arXiv:0904.3870]

L o, = 0.1168 £ 0.0007 (exp.) 3% (th.) £ 0.0016 (PDF)
- E== Central value and exp. unc.
N Theory®PDF unc.

0.20

0.15

0.10 | \ AL

10 10?
n / GeV

- exp. uncert.
H1 low Q% incl. jets . -~ th. uncert.
H1-DESY-09-162 | TTeemetessssscdSessecccccsssess
H1: high Q* jet multiplicities .
DESY 09-032 [arXiv:08043870) @ | =eese=sEess
ZEUS high Q2 incl. jets —
ZEUS-pre-09006  f  TEE=s
ZEUSyp jets ——
ZEUS-prel080086 0 L EEEmEss
HERA comb. 2007 incl. jets -
Hiprelim-07 yZEUS-prel-07.025 | cEEmess
Lo

World average °
S.Bethke, arXiv:0908.1135

I | I | I |

01 0.12 0.13
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Another Example: High x Constraints from Tevatron

Inclusive Jets: Tevatron vs. LHC
g 1067;? inclusive jet production PDF sensitivity: _
> 18 S - Compare Jet Cross Section at fixed
£ 10 XT = 2pT / sqrt(s)
o 10k
T 107
10 | Tevatron (ppbar)
101-;; >100x higher cross section @ all XT
10 4 . >200x higher cross section @ xT>0.5
10 4 — Tevatron sqrt(s)=1.96 TeV %,
10 gf ==== LHC sqrt(s)=14 TeV ",
I ! LHC (pp)
O o lae A * need more than 1600fb-1 luminosity
S 200 - / to compete with Tevatron@8fb-1
} e more high-x gluon contributions
‘000 ———— R but more steeply falling cross sect.
' | . 2p{/sq e at highest pT (=larger uncertainties) A
- Tevatron results will dominate high-x gluon for some time ... 21 '
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More Examples: Contingency with Future Programmes

Tevatron Run Il Preliminary, L=2.0-5.4 fo! v
& |/ LEP Exclusion . i Tevatron . 20 -
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' ' _GEJ o 2006 ° TOUY
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< ., AI. 4 T
10 n
‘ mSUGRA+seesaw o o
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Future LEP analysis optimisation? B- and Super-B factories
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Scientific Training, Education, Outreach

. ATLAS e
Collaboration : i '
h.l“l..liﬁ.‘.i.. | HEP: complicated..  ..something for everyone?

Total publication,
average for 2005-2006

Matt Belli

SLAC)

Other

Countries, CEN&
34 30, Member
’ States, 40,8%
United States,

24 9%

I Cern Scientific Information Service |

utreah procts: mor later

e Improve the overall high level education in HEP
e Improve the connection of HEP-emerging countries to HEP data sets
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Part 2: Models of Data Preservation
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What is "HEP Data” anyway?

L 2
e Digital information 2 e DAL ETOIOM D
— Data event files, database
! / ournal of High Energy Physics
e Software

GEHOVA Ot 4.3, 4924

G-P PHYSICS

— Simulation, reconstruction, analysis, user \T HERA. AND BEYOND

e Publications e
> P .emerey Ep> R00Gel/
O — Journals, arXiv, spires, HEP data.... F o ViEG = 3006V
- BWYOND HERA ONE AN THWE OF
GC) . LEP + PP COLIBER MW LEP TUNNEL

e Documentation , | ek

el =\ tep » Lic

— Publications, notes, manuals, slides ALz
Ye Meta information |

— Hyper-news, messages, forums
o Expertise (people)

— Often the hardest to secure..
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Data Analysis Models in HEP
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Detector 2EMhighpt | [ROOT Jets  [(—|—
simulation tree

: [catocaose
. Calib dataset
l Raw Reconstr. 2MUhighpt —{ROOT Physlcs\ . -
Trigger Data Data == Hadronic B I
i i i

simulation AnaIySIS/

] Run periodically over “run period
- e
Certification ’ -
/Data QuaI\ l

)
I ] [ . ] Jan. 26,2009 Qi Data Preservation Workshop 4 _—Y Elecions N N Y
ni S ~ . ! m .
: :

Online system

Tag database
Event Directories

— BOS / FPACK / Fortran C++ / ROOT . :
) oDSs » -Q’_—P_Had Bs ([(Nfupling J—*[ Bstn |
DST o | “;)ri 18 kB/event Prod Data Root N-tuples
« 18 kB/event conversion not stored
18 T8 o 11
copy H100
~ selected e uODS » physics
information 3 kB/event algorithms
POT 7 /
21 200 kB/event HaT Production Chain
add first basic 200 TR
reconstruction 0.4 kB/event E z - -
RAW 04TB User 7
KBy Code : o
75 kB/event
H E- UserTree W
7578 f E ? kBlevent }
; 218}

o Complicated, at first glance different

e Familiar descriptions of data analysis chain,
from reconstruction to analysis level

RAW — POT — DST — ntuple — analysis
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SLAC, GridKa, UK

o TierA sites based on the AWGs being hosted at the site




Models of Data Preservation

Preservation Model Use case "
'.""CT:;
1. Provide additional documentation Publication-related information search =
O
2. Preserve the data in a simplified format | Outreach, simple training analyses >
%
S
3. Preserve the analysis level software and | Full scientific analysis based on existing a
data format reconstruction g
O
4. Preserve the reconstruction and Full potential of the experimental data g
@)

simulation software and basic level data

pad

Needed by: JADE, ALEPH
Planned by: BaBar, H1, ZEUS (3-4)

<

e Each of the higher preservation levels are inclusive, e.g. 3 means "1 to 3"
e Each level implies an R&D project at experiment level

e Simplest levels are 1 and 2, but this still means some work!
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Paper Documentation

e Current location: Where is everything now?
— Talks from pre-web days, detector schematics, blueprints, logbooks

e Digitisation: Is it a viable / affordable solution?

Future location: Where can we put everything?
— Cataloguing will be the biggest headache - can external services help?
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23333337 Mommtum(Gev/c) Lifetime(h] cnzzoﬂot
& Computing & Software @HIO0 ©7 AmlysisHelp @HIDATA @MCPoducon ®MCGenermors @

Technical Working Groups & Analysis TOOLS DataQuality @ HIOOProject ®Tracking @ Production Task Force
[T Hl-Detector Muon Calo Tracker Lumi System Upgrade 2000
3

Trigger & ® CDAQ ®CT Home (L1) & Level 2 ®FIT @ Filter Farm (L4)

& H1 for HERA IT

:

@ Organisation of the H1Collaboration
T2 13 14 15 16 17 18 19 20 21 22 23 (Bl Who is Who Collaboration Board Instittes

HI Directories ® Exccutive Commitee ® Mailing Lists
Thank You HERA
R.I.P. @ H1 shift tools (static)

e While we were marking the end of HERA running and data
taking a collection of applications were running in the Hall

— In fact I would guess there were about 20 machines associated with
different detector components ticking away, with online monitoring

e Ensuring the “standard” web-based documentation is up to
date and complete is also challenging
— In particular when there are many parts / responsible people
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A Simplified Format? Outreach Data and Tools

Movie of generic e*e- — B*B- events

c

Charged or Neutral
u

ete- — t*t events

« e+ e- --> B+ B-

# events
# events

N

HEP data in education and outreach.
Entries 31
3
2
1

%02 04 06 08 1

Sphericity

6
4

% 02 04 06 08 1

Thrust

° +0
C
g

Several outreach tools already

4/17/00
n

being used in classrooms

Err+

Tomography studies using converted

MASS(MeV) Log

Play with PDG tool e
http://www.slac.stanford.edu/~bellis/PDG_everything.html|

pi(1300), 5/27/09

= W, 5/27/09

o

37 Upsilon(10860), 5/27/09
oL o)

tho(770)

u, 5/27/09

5/27/09

photons in BaBar Silicon Vertex-Tracker

http://www.slac.stanford.edu/~bellis/HEP_data.html
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Outreach Example: Using

e Many attractive outreach
tools available, like
Viewpoints from NASA

e Simple data format: input
using text file of kinematics
of HEP events

e Nice example of new
collaborative work between
BaBar and H1 via DPHEP

e |ASS data has also been used

Viewpoints from NASA

BaBa fdata

\\\\\\\\\

rrrrrrrrrr

aaaaa

lear selection
end selection
ink axes
‘‘‘‘‘‘‘‘‘‘‘‘ LINUX
@EE
|
(] R T ORI ] G 9:45
HERA kinematic | ook X v
|
1 ot x
plane [ 72 p\e rim 1e-2 < e
. - .
: ﬂ\teractlve -
selection
§ 00197 40,0001 bin ht
.
| bigrnd
scale
=
nnnnn
iff.
vvvvvvvv
reset by
symb

extend selection
paint
change axes
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A HEP Outreach wiki?

File Edit View History Bookmarks Tools Help

* ¥ e r—hllpxt bbr-Inx-neal.slac.stanford.edu/bbr_outreach_wiki/index.php/Main_| ;J I\ i
S Matt Bellis gDocs S MC Production mMGmail = Calendar (¢ BaBarWiki ElBurchatWiki @'SLAC FF BGIFFL S Luminosity
. BaBar Outreach Wiki & X
Main Page MLty pos tal srent even Recentchanges  Random page Help 1
+ BABAR OUTREACH WIKI
L BN I ]
Main Page
/ -

N

™ and © Nelvana, All Rights Reserved

e Recent beginnings of a , Who am 17 leot Data access and software tools
HEP wide effort, based i, R N
on first ideas from BaBar v
— A true HEP data portal "
for outreach
— Exercises using real = rer
HEP data aimed at a Al
variety of levels
—_ Important: Runs in o specific wtorials/analysis fecst Physics concepts
parallel to main — —— o R o

Find a parncie 4-vectors

preservation efforts

Find baryon resonances

(level 4) oy

Jin and polarization |
Done bbr-Inx-neal.slac.stanford.edu [ - I J Open Nolcbook[

Matt Bellis (SLAC)
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Part 3: Technologies

“Digital information lasts forever - or

five years, whichever comes first.”
Jeff Rothenberg, RAND Corp.
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Size of Data Samples

JE
A

Integrated Mass Storage
Since 2002

Integratad Total TBytes on tape par month from Enstors 2003-Jan-20 02 24:03

10000 |- 1 PB

anuary 26, 2009 Stephen Wolbers 24

£33

COF

DO

CMS +
others

Stephen Wolbers

Level 1 Rate
(Hz)

Hans Hoffman
DOE/NSF
Review, Nov 00

High Level-1 Trigger High No. Channels

i (1MHz) 4 High Bandwidth
10 ; (500 Gbit/s)
LHCB . ATLAS
CMS A
10° HERA-B
KLOE
4 () -Tevli
10 > High|Data Archive
CDFIDO (PetaByte)
103 - .——»-
ALICE
102 NA49

10¢ 105 106 107
Event Size (bytes)

e Storage technology should be comfortable by the end of

the experiment: Data preservation is not about the data!

 However, regular migration of the data to latest

technologies should be considered and carefully planned
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Technological Issues

e Computing centres are (in principle) able to store
the data
— Discussions in DPHEP lead to a number of 0.5 to 10 Pb / exp

Total cost of data migration = double currentcosts: 1 +1/2+1/4+1/8..=2

e Technological evolution and data migration
— Software maintenance is the real issue
— Preservation, emulation, migration
— New possibilities: virtualisation and cloud computing

o Interface with experiments needs to be defined
— Procedures, agreements, resources

— Supervision and custodianship of data sets, archival
expertise
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Generic (Technological) Models for Data Preservation

e HEP data models could follow one of three directions

e Technology preservation
— Freeze the hardware
— Limited capability, one day it will however fall apart

e Technology emulation
— Prepare it once (?) and migrate the “middleware”

e Continuous migration

— Follow technology changes
— Adjust, redesign, recompile etc

&

_’Scientific Linux

— Requires the most manpower, but has the most benefits...
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Emulation and Virtualisation Techniques

Emulation Virtualisation

Hardware (CPU. NIC. Memory. Disk} Hardware (CPU, NIC, Memory. Disk)

Host Operating System Virtualization
User Space: Emulator-Prosr
mulator-Program Op. System Op System Op System
Hardware
oS

User Space: | User Space: | User Space:

User Space:

SEUTED) o SR
'

Yves Kemp Mihaj nic

o Different operating systems can be “preserved”, using
virtualisation techniques
— Virtual environments also very useful, with enough validation, to
aid potential OS transitions
e For HERA (and Tevatron?) experiments relatively new idea
— But already included in the standard modus operandi for the LHC
— Several HEP projects try out such strategies, using e.g. CERN-VM
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/ﬁ "
% Moore’s Law continues..
Each Year We Get>< More Processors

10,020,020 A ~
Moore’s Historically:
o Dual-Core Itanium 2 B £ w Boost Single_stream
Intel CPU Trends performance via more
s |— o i), Witpute K Opletent complex chips
'
10020 NOW:
Deliver more cores per
1020 chip (+ GPU, NIC, SoC).
- The free lunch is over
’
. for today’s sequential
apps and many
g — e PR concurrent apps. We
s e need killer apps with
0'.970 1875 19;3 1985 ]9;0 1938 2000 2005 2010 |°ts of latent para"elism'

e Any archival system should be able
to absorb future technological
evolutions..

Parallelism crucial for future
applications

T Computing Power

BEME - -

NEWS [¥EZTI) ONE-MINUTE WORLD NEWS Y J

L Page last updated at 10:40 GMT, Thursday, 3 December 2009
o
'?‘ aff E-mall this to a friend B printable version
' o i

s * Intel unveils 48-core cloud computing silicon chip
‘"f"i“s_ Intel has unveiled a prototype y

Asia-Pacific chip that packs 48 separate

Europe processing cores on to a chunk

Middle East of silicon the size of a postage

South Asia stamp. Turn your data
UK The Single-chip Cloud Computer into a competitive
Business (SCC), as it is known, contains 1.3 advantage.
Health billion transistors, the tiny on-off

Science & Environment  SWitches that underpin chip

[ Technoiogy | Buiits
Entertainment Each processing core could, in
theory, run a separate operating system.

The chip is likely to find a role in data
and hosting centres

QCa[)gmnini

Also in the news

Currently, top-end chips for desktop computers typically contain four
separate processors.

Video and Audio

Programmes Intel and rival AMD will both launch new six-core devices in 2010,

allowing computers to simultaneously tackle a number of complex
tasks, such as processing graphics.

SEE ALSO

» Intel debuts text reading device
17 Nov 09 | Technology

Have Your Say

In Pictures

Country Profiles » Tech Know: How low can you go?
01 Oct 09 | Technology

‘Tiny islands’
Special Reports
The chip has won the "cloud" name because it brings together the

» Future is TV-shaped, says Intel
computing resources typically filling several racks in a data centre.

Related BBC sites 25 Sep 09 | Technology

; _MemoControIler
1% ¥DDQ, V-Uncore

intel

New Westmere 6-core from
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Hardware Persistency

e Hardware now “old” after
about 6 years, often no
budget left to replace it

e New hardware has increased
storage capacity (big tapes)
and 64 bit (and beyond)
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Software Persistency

Libraries

100

90F
80
70
6%
507
401
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10 /
........ WA
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100:""lll

I/0

20F

Ao

1980

1990

2000

0 :
0l t
v :
-
.

NEW

2010

2020 2030 2040

Rene Brun

e Software is a source of concern: maintenance, migration, validation
— ROQOT offers the needed coherence in next few decades (and documentation)
— Fortran not always trivial: gcc goes to gfortran in SL4 to SL5 transition
— Other dangers: commercial software (e.g. databases) may cause problems..
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Another Example: BaBar Archival project

Collaboration between Belle and BaBar

In real life: B* - K*n*n* decay ' V . t 1 . t .
irctuatization

Same exercise with the master at Caltech (Los Angeles), one worker at SLAC and the

other worker at ccin2p3 (France) with secured connections.
The status at SLAC: 4 SL5.3
Los Angelos VMs installed on yakutl3,
[:ﬁl oo o VMs were added to a special @
sLac j France 7o Porformod in a bit lese than batch queue. —
low ts —

i ot t
o Miinuit slow 32bits machines, a fit SLS migration checks to be
i Q fLA,C‘SLAC'SLAC took almost done on virtual machines.
- minutes
Simultaneously validates

the SL5 build and the VM
technology.

It worked very well

Homer Neal

e BaBar analysis model is moving to an “Archival Mode”

e Use of virtualisation for validation of OS transition and for performing
combined analyses with Belle

e Also major advances in use of Cloud Computing, running analyses on
Amazon™ CPU resource

Important: Resources taken into account in the funding model of the analysis phase
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Part 4: Governance

e Management of the preservation project
— Scientific supervision of the preserved data sets
— Authorship and Access to data
— Channels to outreach and education

— Endorsement of the project from the experiment, host
laboratory and funding agencies

— HEP global solutions: common policy and standards
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Transition Scenario and Resources at the Experimental Level

e Planning the transition to a long term analysis model
e R&D needed

Data Taking

— Data migration models . Colsvorstonetme New organization for physics supervision
. . .y E’E ... Anayss Long Term Analysis
* Data Archivist position 1§ pmaamnon sur o comas posive
— Long term custodianship ~ &8 rT—
Open Access

— Similar to other fields

e Resources / experiment
— Surge of 2-3 FTES (2-3 yrs)

Resources Profile
for Data Preservation
J
.
[ ]

]
|
]
]

Transition

Time

— To be compared to
300-500 FTEs (many years)
— Archival position: 1 FTE per experiment/lab

Costs are less than 1% of the original investment
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Example of Long Term Organisation of a HEP Experiment

Emeritus Collaboration (contact list)

¢ World Laboratory 5

Technical

_ Assistance
PhyS|CS Board X ETE

20-30 Contact persons

Experiment
Data
Archive

Team

Y FTE (with Z
permanent)

Experiment PB Chair
+ Deputy

DPHEP office
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Towards an International Organisation

Annual Report
ICFA, Funding Agencies

- 1

Research
Portal
Qutreach
T Portal
N Assistant
Project
Review
board /
) ﬂ ' International Study Group
Paper ' ,_ ﬂ ﬂ
Review ' . . . .
board Advisory Committee Steering Committee
Spokespersons, Host Lab's, Computing
Centers directors

Estimative costs: 3 FTEs for 3-5 years to make the structure sustainable
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Interaction with Other Fields

e Input is very valuable for HEP

— Little experience in the field of data
preservation and open large scale access

— Connections with Data Archivists
— General projects on digital preservation
— Astrophysics
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A Word from the Archivists

Jean Deken Travis Brooks

Scientific Data: SURVEY OF OVER 2000 PHYSICISTS

Which HEP information system do you use the most?

1)

* Raw data (all levels)

* 10 year retention (N1-434-07-01, item 4c(12)

JELQDI

* Evaluated or Summarized data

* Level 1: permanent retention (N1-434-96-9, tems 40
item1B13a)

andDe

Records Schedule

”E Google (8.5%) ‘
_» * Level 2: 25-year retention (Ni1-434-96-9, item1B13b
2] %

2 * Level 3: 10-year retention (N1-434-96-9, e _ :
= item1B1%%}(en et e b Pt Y SPIRES 48.2% Commercial systems (0.1%) ‘
e Input from the experts as to — INSPIRE

potential future schemes http://inspirebeta.net/

o Attractive opportunity from INSPIRE to host further

documentation, meta-data, and even the data themselves
associated with the publications
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Other Fields

o Task forces already in place to address this issue in a

generic way (standards)
— e.g. Blue R|bb0n, APA, DPC, ESC|D|r, http://www.alliancepermanentaccess.eu
http://brtf.sdsc.edu

(intermediate report and references)

1 B0
’ '\
e Transient 4( Preservation Planning )7
/ information .
filled [

\

1400 or unfille B

d df P Data | ( Dest pt c
0 queries N
o 1400 ) 3 — |nge5t result sets 3
2 e . ¢ SIP Archival Access orders "
o _ E . | Storage | . <> > E
W -~ R DIP R

e o o —( Administration )—

200 _ﬁ -/ {
] MANAGEMENT
2005 06 00 008 00 2010 2011

FIGURE 2.1: The OAIS Reference Model

FIGURE 1.3: Information and Storage http:/ /public.ccsds.org/publications/archive/650x0b1.pdf, Page 4-1.
Soum: ]. Gant January 2008 (revised). Used with permission Source: Consultative Commiittee for Space Data Systems Jannary 2002.

e Scientific Data is a major component of the ongoing efforts
(helps because of its complexity)
e Some scientific fields are well advanced, e.g. Astrophysics

David South, Data Preservation in HEP, DESY Zeuthen, April 7 2010 D Gortman nversit Page 51



Virtual Observatories in Astrophysics

16 Member Organizations

€
R\}E\) Russia
oA A i \‘_\ﬂ‘ AN
“ 5 Korea

Ay

Hungary

i ) e Data archives operable by many
e Work on standards and access to:
e nfastuctue — Data, simulation, mining
techniques
Fabio Pasian e International, multi-experiment
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Open Access in Astrophysics

Fermi MISSION ELEMENTé

Large Area Teleccope
8 GEN

e

5

Aol

Femsi § % : |

emsi Spacecrat o /
A

Fermi Science
Support Center

Coordinat

\d \ TDRSS SN
1} ~— S &L Ku
~h !

F

Fermi LAT Data Preservation 2 May 26, 2009 SLAC
)ad} nu. -
L Accessing the Data (8
|
Root Fits
Raw, Recon Mini-summary Micro-summary

All events Photon list

| —l

Access via web: use
pipeline/parallel batch

Apply arbitrary cuts on mini
— get mini; raw,recon out

Analysis of details, event
displays

Access via web: use
pipeline/parallel batch

FSSC Data Server:
Access via web
Optimized for direction,
energy, time cuts Optimized for
direction, energy, time
cuts

Apply cuts on micro— get

micro; (To Come: raw, Apply cuts on micro—

recon, mini out) get micro
+ Line mode interface _ _
R.Dubois + Line mode interface TS
R. Dubois

LAT Principal Investigator Peter Michelson added: "The LAT team has made signiticant

project, good for the collaboration, and good for science."

—Kelen Tuttle

SLAC Today, August 25, 2009
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DPHEP 2009: Intermediate Recommendations

e Document presented to ICFA: A broad reflection on benefits and
strategies, a few recommendations

e Prioritization against other general issues in HEP (new
experiments, funding, resources) is not addressed at this stage

1. An urgent and vigorous action is needed to ensure data preservation in HEP

2. The preservation of the full analysis capability of experiments is
recommended, including the preservation of reconstruction and simulation
software

3. An interface to the experiment know-how should be introduced.: data
archivist position in the computing centres

4. The preservation of HEP data requires a synergic action of all stakeholders:
experimental collaborations, laboratories and funding agencies

5. An International Data Preservation Forum is proposed as a reference
organisation.The Forum should represent experimental collaborations,
laboratories and computing centres
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Feedback from the HEP Community

e Support from major labs expressed:
— DESY, CERN, Fermilab, SLAC, IHEP

o ICFA: August 2009 (update presented to ICFA in Feb. 2010)

— Support data preservation in high energy physics
— Endorse the International Study Group as an ICFA subgroup
— Nominate a Chair of the subgroup (C.Diaconu 2009/2010)

e HEPAP: (DOE and NSF) October 2009

— “Data preservation would allow for reanalysis using new theory or experimental
techniques and detailed combined analyses with new data. It could also be very useful
for education and outreach activities.

— “An international organization could provide the necessary guidance and governance”

e FALC: January 2010

— Positively received, in particular the educational aspects
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The DPHEP Perspective

e DPHEP started in January 2009

o Intermediate report released in November 2009
— Principles and problem setting

— General recommendations (models, R&D, data archivist,
International Organization, etc.)

e 2010: Produce a Blueprint
— Documented research case, detailed experiments projects
— Transverse activities: outreach and education, technology R&D
— International Organization

— Resources and funding schemes:
 Funding Agencies, Laboratories, International Programs
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Next DPHEP Document: Blueprint Plans

DPHEP-2010-001
June, 2010

Blueprint of
Data Preservation in High-Energy Physics

il Study Group for Data Presarvation and
PPeEP :ong Torm Analyws o igh Energy Phywos

http://dphep.org

Abstract

Data from high-energy physics (HEP) experiments are collected with significant financial and
human effort and are mostly unique. At the same time, HEP has no coherent strategy for data
preservation and re-use. Ap proposes an [nt ional Organization devoted to the data
preservation in high-energy physics. The o ion is structured around an inter-
experimental Study Group supervised by the [nternationa
{ICFA). The present document presents the motivation for such an organization cts
example of initiatives at experiment level, defines co

lines of the

s i ion, colle
mmon R&D projects and draw the main

| Committee for future Accelerators

e Contents

— Concrete R&D projects to enable data
preservation with cost estimates

— Experiment specific and across
several initiatives

— Skeleton for local, regional, lab,
national and international proposals

— Gathering expertise in preparatory
phase

e Much of the text was written at
the CERN workshop in January

e To be published in 2010
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Conclusion and Outlook

e Data preservation in HEP is important because:

— Relevant physics cases for future use can be made
— It is timely, given the current experimental situation and plans

— It may enhance the return on the initial investment in the
experimental facilities

— It provides additional research at particularly low cost
e But it requires a strategy and well-identified resources
e International cooperation is the best way to proceed

— Unique opportunity to build a coherent structure for the future
— Providing recommendations for future HEP experiments
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Extra Slides
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An H1 Data Format for Outreach

e Producing H1 data in a format suitable for outreach purposes is
an attractive proposal

— To run in parallel with the main preservation effort

e The physics content of such a format is essentially defined by
the outreach plans

— What can the user learn by
studying ep collision data?

e This then starts to define
the variables, quantities
and even the outreach
projects themselves
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Outreach Potential of HERA Data

HERAIII
< 1 LR
§ 10 o 1 eENG 0505 (re) :
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I R ] differences between NC
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E P,=0 3
10.7'_ N | R
103 4
~ Q?[GeV?
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look for deviations in B L | _
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Outreach Potential of HERA Data

Q? = szy

X (M,)

Large Gap in Rapidity
}Y(MY)

9,
P X
(t)
ZEUS
%1“’0 llIllll]]lllll]|]I|l||l||l|l|||l]]||
: 900 cp—)c-&-Dt«l-x —Cnussm"d-}.pl
]SOOle T 800 Nt 2181+ 83 o ZEUS (prel.) 135 pb-!
! 700
_E 2D Sy > 3 HERA 11
D* vertex 1 600 -
. s S00
Primary vertex .- 5 400 5
300 —
200 =
100 £
:1 IIllllllllllllllllllllllllllllllllll
E= 97 175 18 185 19 195 2 205 21

M(Krx) (GeV)

4) Fraction of total DIS cross section from heavy flavours (charm and beauty):
particle spectroscopy, inclusive and maybe even lifetime methods (ambitious!)
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Outreach Format: Technical Issues

e An outreach format seems reachable from the current software, and
would come somewhere in content between the existing HAT and uODS

formats

e What about the actual data format?

Should consist of simple data types: floats, ints, and arrays..
Independent of H100, but based on ROOT types (TClonesArrays etc)
A single format to cover all outreach projects would be preferable

If one wants to include comparison to MC, a universal event weighting
scheme which takes into account all efficiencies from triggers, vertex finding
and so on, may be prohibitively complex

If we only deal with data, then the situation is much simpler

e Would be nice to have something HERA-like event?

that can interface to Matt Bellis’
work in terms of user applications

Will certainly be followed up
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Outreach Format: HERA Format?

e Such a format would be a candidate for combining e*p data
from the H1 and ZEUS (and even HERMES?) experiments

e 2009 saw the first combined H1+ZEUS publications:
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e Some ideas came out of the first HERA data preservation meeting
— Different strategies in some areas: learn from shared experiences
— Joint HERA financial proposal would give better chance of support?
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International Virtual Observatory for Astrophysics

Dr. Robert J. Hanisch
Director, US Virtual Astronomical Observatory
Space Telescope Science Institute
Baltimore, MD

~50 major data centers and observatories with substantial
on-line data holdings

~10,000 data “resources” (catalogs, surveys, archives)

data centers host from a few to ~100 TB each, currently
~1 PB total

current growth rate ~0.5 PB/yr, expected to increase soon
current request rate ~1 PB/yr

for Hubble Space Telescope, data retrievals are 3X data
Ingest; papers based on archival data constitute 2/3 of
refereed publications
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Virtual Observatory and Standards

IVOA began in June 2002 e
- Self-organizing http://ivoa.net e e —
- No funds of its own, no dues; relies 100% on project participation
- Rotating chair (18-month term)
IVOA now has 17 member projects
- Aggregate funding ~$50M (since inception)
- Projects range from 2-3 people to ~20 FTE
Forum for discussion and sharing of experience
Twice per year “Interoperability” workshops bring together ~100
participants R —————————
Adopted a standards process based on W3C
- Note
- Working Draft & Proposed Recommendation - Recommendation
- |AU endorsement
- See http://ivoa.net/Documents/

il
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- Data management activities at major astronomy
facilities are typically 3-5% of annual operating
budget, including h/w, s/w, and staff. Staff
accounts for ~85% of total.

+ VO development and operations are ~20%
additional to baseline data management costs
(international aggregate)
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