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The Last 50 Years of High Energy Physics
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> Energy frontier probed with complex experimental installations
> New experiments normally supercede previous/similar ones - but not always..

> What is the present situation?
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Active Experiments in the Pre-LHC Landscape
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Precision frontier

Important and unique experiments end after 10-20 years of data taking
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HEP Experimental Programmes in * 10 Years

2000 2010 2020
LHC pp/ions | b1 ++ |
LEP ee 0.9 fb"
HERA  |ep 0.5 fb! Unique data sets are
Tevatron | pp 10 fb-? available: what is
their fate?
BaBar ee 600 fb-
Belle ee 1 ab’++ 1
CLEOC |ee 0.9 fb-
BESIIl |ee fort ++ =
KLOE |ee 1o ++ [
RHIC pp/ions | Multi-exp
SPS Fixed Multi-exp
target

[not all programmes, dates are approximate, just to give the picture]
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After the End of Data Taking
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> Have an end of run party, dismantle the detector,
finalize the analyses,.. all in all about 5 years

> And then what do you do with the data?
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HEP Data Preservation: support in the community

PAR Commission and run at CERN
INSIg Et - - —% Bl &) arxiv:0906.0485

PARSE.Insight is financed by the European

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

Irrelevant

70% of physicists
say very important
or crucial!

Moderately
important

Important

Very
important

Crucial

0.4%
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3.3%
8.7%

15.2%
25.6%

41.7%
40.5%

39.5%
24.3%
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> However, no coherent strategy: in general, HEP data are lost
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Why is it Difficult to Preserve HEP Data?

produced o
Integrated
. Luml_r;osltyl
> Lots of data available to analyse at S
the end of collisions : HERA I
Delivered -
> The existing resources (funding and Luminosity
expertise) then decrease when the - upgrade
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DPHEP: International Study Group on Data Preservation
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N - < > Chair: Cristinel Diaconu (DESY/CPPM)

> Working Groups

=  Physics Cases: Francois Le Diberder (SLAC/LAL)
=  Preservation Models: D. South (DESY), Homer Neal (SLAC)
= Technologies: Stephen Wolbers (FNAL), Yves Kemp (DESY)

= Governance: Salvatore Mele (CERN)

> International Steering Committee

= Participants from ee, ep and pp collider experiments

= Associated computing centres at the labs

= Some funding agencies

Study Group for Data Preservation and . ] .
PHEP LongTerm Analysisin High Energy Pnysics = International Advisory Committee

. " hairs: han Dorf LA iegfried Bethke (MPIM
>  Group has grown since 2008 to over 100 Chairs: Jonathan Dorfan (SLAC), Siegfried Bethke ( )

contact persons = Advisers: Gigi Rolandi (CERN), Michael Peskin (SLAC),
Dominique Boutigny (IN2P3), Young-Kee Kim (FNAL),

Endorsed by ICFA summer 2009 Hiroaki Aihara (IPMU/Tokyo), Alex Szalay (JHU)
LHC experiments joined in 2011

>
>
GF ] % CMS? Lach
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DPHEP Activities

> First contacts established in September 2008, series of DPHEP workshops

= Jan2009: DESY May 2009: SLAC Dec 2009: CERN Jul 2010: KEK May 2011: Fermilab

First Workshop on Data Preservation

and Long Term Analysis in HEP 4" Workshop on Data Preservation inj

High Energy Physics
8-10 July 2010 @

.ﬂ. B

2N WoRrKsHOP ON DATA PRESERVATION
AND LoNG-TerM ANLYsis IN HEP

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

Study Group for Data Prese;

PHI Long Term Analysis in High

Confront data models
Clarify the concepts, set a common language
Investigate technical aspects

vV VvV Vv V

Compare and connect to other fields
> astrophysics, life sciences, libraries ...
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DPHEP Visibility
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Why? Physics Case for Data Preservation

> Several physics cases can be presented for preservation

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

= Cross collaboration between experiments - usually done towards the end of
the programs

= Re-use of old data: go back and do something new

= Use in scientific training, education, outreach

> HEP data are mostly unique and have true scientific potential
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Physics case for data preservation: the tail of the physics program

i The tail of the physi
LEP Collaboration Papers e tail of the physics program

===published papers  ==Total (inc| conferences) > PhyS|CS SUbJeCtS are
published after the end of
collisions and/or

350
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3 = Large number of publications
5 100 7 well after data taking stopped

0 1 = Large variety of topics
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end ofl
combined results) came later
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Physics case: searches in previous data sets

> Theory and “common sense” evolve

> ALEPH: Unique physics case analysed 10 years after the end of collisions

= and 5 years after the official end of the collaboration

ALEPH

EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN)

— Observed Upper Limit
-~ Expected Upper Limit
[ ]+20
[ +10

m, = 10 GeV/c®

Search for neutral Higgs bosons
decaying into four taus at LEP2

The ALEPH Collaboration*)

Abstract

I T 1 T 1 I LI T 1 l T 1 1 T I T LI T I T T 1 T

o lll[lllllll]lllllllllIllllllllllllllllllll

75 80 85 90 95 100 105 110
m, (GeV/c?)

Cristinel Diaconu | Data Preservation in High Energy Physics, dphep.org | EGI-T, Lyon, September 22, 2011| Page 13



Physics case: Improvement in theory and simulation

> JADE: Required full raw data
preservation, software revitalisation,
individual initiatives...

10 recent publications

a‘ T T
1 ) LU ] 1 1 1 UL 5
- exp. uncert.
04 | 989 - 62+ 2009 o ] - 2011 P
A% =200 | 8 ¢ JADE NNLO+NLLA H1 low Q°incl. jets o+ == th. uncert.
NS~ “ v N,
G. Ahtarell " . D HI-DESY-08-162 | meeesessesseedmecceccecceeee.
018 k * 1-T,C, B, B, v,, M, 2
- H1: high Q° jet multiplicities ®

"‘0.3 — Oyt mhItT280051 DESY 09-032 [arXiv:0804.3870) |  seeee=dsees
g 0.16 4
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0.2 ol ZEUSprekon06 0 | e
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0.1 012 + R ZEUSprekOB008 | e
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01 - + OPAL NNLO+NLLA prelim. Hiprelim07-032ZEUS-prel07-025 | cE&=ses
0 ol 1 L1 11111 )
1 10 100 . L e+e- [jets & shps] o
Q [GeV] 10 0’ GDisserior etal, 0906343 | eeeemeees
Vs [GeV]
World average °
5.Bethke, arXiv:0908.1135
| . | | L

011 012 013
a M)

* Around 10% of measurements are dominated by non-experimental errors:
theory (N"LO?) and simulation..
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Data Analysis Models in HEP

Calib dataset

“Data Processing Model D& DO Analysis Model Rew Data ‘
= o Analysis —'-
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Raw Reconstr Phvsi :
: ysics
\&‘_‘ Data Analysis

[ca datases |
i
i
Run periodically over “run period”
S —
Calibration DB [*% ~*

Tag database
Event Directories

Data Quality

Jan. 26,2009 Q.Li Data Preservation Workshop 4

@ BOS / FPACK / Fortran C++ / ROOT
DSt E conversion e 18?852\2nt
4 18 l;g/_le_gent = 11 not stored
copy H100
~ selected uODS 4 physics
information 3 kB/event algorithms
ol ﬁ "
A 200 kB/event y%
: ; 200 TR HAT
add first basic w 0.4 kB/event
04TB ./ User

reconstruction
RAW Code
Y UserTree ¥
? kB/event
?TB ;

> Complicated, at first glance different

75TB

> Familiar descriptions of data analysis chain, from . —
reconstruction to analysis level B e LI

= RAW — POT — DST — ntuple — anaIyS|S n the AWGs being hosted at the site

Cristinel Diaconu | Data Preservation in High Energy Physics, dphep.org | EGI-T, Lyon, September 22, 2011| Page 15



LHC: new aera, similar reduction models....

Simplified picture

Distributed computing necessary

Tier-0 - Primary Dataset

§ ot Data placement strategy is a key ingredient

ATLAS Data placement model

B. Hegner CHEP10

| Kewps Lullcopyof Raw | o |Raw > €5D,AOD |

Courtesy K.Bos, ATLAS
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...but different scales L e e

> The whole world does LHC computing

> Data Volume is very large (~100 Pb)

Data Volume bg ExPcriment, in Gbytes

E691 ' S‘"'
CMS has ~10PB on 4/11 stored at FNAL alone! g:: il
100000000 % E791 S e
50 PB @ ® CDF/DO
® KTeVv
10000000 ¢ ey
© BABAR
500000 N © CMS/ATLAS
1 - 4 E831
X B ALEPH
100000 ¢ JLAB
X . [ ] B RHIC
¢ © NA48
10000 o © zeus
. e =n BC72
1000 =
100
+
10 Steve Wolbers: Some of these are guesses, some predictions
prior to data runs. But they are not too far off.
Je . . . :
1980 1989 1998 2006 2015
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The scaling has worked so far

Level 1 Rate High Level-1 Trigger High No. Channels
i (1 MHz) 4 . High Bandwidth
(Hz) 10 (500 Gbit/s)
LHCB ‘
il
10° HERAB
KLOE ﬂ
4 | eVl
Hans Hoffman 10 & HithData Archive
DOE/MNSF CDFIDO (PetaByte)
Review, Nov 00 103 =
ALICE
102 NA49
10¢ 105 106 107
LEP : Event Size (bytes)
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HEP Data: How much is it?

> Discussions in DPHEP lead to a number of around 0.5 to a few PB /
exp. (LHC to ~100PDb)

= Depending on preservation model

> HEP Computing centres are able to store the data, but:

It have costs and has to be plannned

Data preservation is not only about the digital data!
> HEP Data include much more than bits:

= Software, meta-data, documentation, publications, expertise

TEAOUR D13,
R Lk N, @outn  HEPDATA: REACTION DATA Database
B i oo PB on tape at Fermilab at the end of each FY (1st October)
@. ALTARELLI
Coemeley . LE306eV 30
7 eminsy £ 006l

Other experiments

SPIRES = moms
® Do
e ofHighEneg i P meor N
: : i i 10

FYo7 FYO8 FY09 FY10

V5 = VigG =~ 300 GV |
1489 [

Q] |=vor Hert owe caw Tiws of
¢ LEP + PP COLIBER W LEF TUWNEL

"

"
eP =\ teo » Lac

L= 5024006V

..........
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A serious issue: the software maintenance

R. Brun
> Freezing: Technology preservation
100
= Virtualisation techniques provide the software environment, o Libraries v
freeze the hardware 80 CERNLIB
70
= Preparation step is not saved, lifetime limited as well 60
[ . . so
> Better: Continuous migration o
30
= Follow technology changes, external software, new OS, .
redesign, recompile etc 10
= Virtualisation can help here too I R I U T

> Preparation is not trivial T ——
a0 o RQOT
= New operational model /QQI\

= Dependencies etc.

> Supervision is needed for both data and software NEW

= Data archivist position

L A h_-':_.
&70 1980 1990 2000 2010 2020 2030 2040
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Data Preservation Models identified by DPHEP

Preservation Model

Use case

1. Provide additional documentation

Publication-related information search

2. Preserve the data in a simplified format

Outreach, simple training analyses

3. Preserve the analysis level software and

! data format

Full scientific analysis based on existing
reconstruction

—_—
—~

o
\'w’/ﬂ
\ /)

- 4. Preserve the reconstruction and
simulation software and basic level data

Full potential of the experimental data

> Levels 1 and 2 still require some work! (Inspire project)

> Only with the full flexibility does the full potential of the data remain
= Level 4 type programme was required by the JADE and ALEPH re-analyses
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The Data Analysis Model is also Evolving

» Cloud computing allows to buy resources on demand

Conclusions > Well suited to absorb peaks in varying resource demand

A

missing b) A cloud

1
~

* Distributed computing
for LHC is a reality and
enables physics output in
a very short time

Experience with real data
and real users suggests
areas for improvement -

provided

grid

Resources
Resources

requested

> >

requested

The infrastructure of WLCG
can support evolution of the
underlying technology

Time Time
CPU days consumed by Site / hour
7 Days from 2010-05-06 to 2010-05-14

__— Cloud (60%)
No. jobs/month

u LHCb

s
" ATLAS
= ALICE

amazon
webservices™
= Local (40%)

« 170M events (3.6 TB) produced in 6 days
« Amazon Spot Instances - 0.20 USD / 10k events

> Success of the GRID during first year of LHC; Belle buy time on the Cloud

> Where does analysis of preserved data take place and under which protocols?
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Governance issues and resources at experiment level

Collaboration Lifetime New organization for physics supervision

Data Preservation
Organization

N I N N N N B

R&D R&D Transition Archival

Resources Profile
for Data Preservation

Time

Typically a surge of 2-3 FTEs for 2-3 years, followed by steady 0.5-1.0 FTE per exp./lab

= This should be compared to 300-500 FTEs for many years / experiment!
Cost estimates :<<1% of the original investment

Scientific return : O(10%) in number of publications
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Data Preservation at BaBar

80

M Actual published/approved
Current active analyses

== Total anticipated publications

= Archival system usage

70
60
50
40
30
20

10

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

> BaBar moving to an “Archival Mode”, ——————— . —
. . g = niy systems experts go nere
preserving analysis ability beyond 2012 Acs e

> Virtualisation and cloud computing techniques —EI;L —E,l
> 2011-2012: Hardware purchase, i i

( Soft bridge i ... (x60)
commissioning ECC & | BTl
'-T’ S W
LTDL}-SRV
. - I |
2l NFS
m:'(:t):,P o?us, ?;.:"v:' :: mySQL RM

RHELS - START HERE -
Resources taken into account in funding
model during analysis phase
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Data Preservation project at DESY

> Validation of experimental software using a virtual environment

> Roll over the technology steps (OS, h/w, etc.)

Kolmogorov test prob.: 0.984

T T T T T T T i

(=2}

Shutdown
Host
machine

Prepare
Platform

Separation
of

=N

i
§82..5

Experiment
and IT duties

|
2
:
J

Validate
Test-

Software Software

Software

N
w
.
(3)]

> Generic solution, for all HERA experiments: validate the whole analysis chain
= Pilot project being implemented

= Multi-center cooperation is envisaged : include other experiments
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LHC Data Preservation

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

= Common understanding that starting earlier will consolidate the long term future

= Strong wish to develop a common policy at CERN and within DPHEP

Make LHC data future-proof: start now!

= Already concrete thinking on specific cases

low energy LHC data, trigger configurations, shutdown, versions etc.

ATLAS

Any physics result published by ATLAS must be reproducible by the collaboration at

any point in time without the need to obtain information from the original authors of
the analysis.

CMS: policy document in preparation
LHCb Data complexity Access rights T (

LHCb phase | is supposed to collect 5fb™', recorded in 2010: 0.04fb"".
One might think, no need to make big efforts to preserve 2010 data.

HOWEVER:

» Large statistics of quasi unbiased data with no pile-up, due to low luminosity
at startup

» Unique samples of data taken at 0.9TeV, 2.76TeV and 7TeV center of mass
energy

Everyone
Level 2

Almost
everyone

Level 3
Someone

Level 4

v
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Outreach

Use real data to enhance HEP education =Y il
worldwide

lock X \im] z

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

+ o Ae‘ W

scale mnmax
L C—

—
| e scale
rotate 07 | I—— Jspin
Tresetview  (Jports  ()icentty

Faze v X PiCalo PtMiss Ex Phix  The  Ee Pte  Phie  The  Empz
377.673 6.474  B.621 2,769 2.769 109.685 15.153 -11.780 8.231 26.226 17.665 164.138 137.656 50.542
185.111 8.399  0.685 2.133 2.133 41.933 12.652 87.669 36.327 18.252 10.544 -93.948 144.713 57.878

187.320 6.211 6.609 2.584 2,584 51742 9.773  78.869 13.682 23.482 12.160 -106.349 148.813 55.164 “zbufering (Junselected|sumvs. it
264.266 6.508 0.905 0.238 0.360 35.343 11.738 -138.278 64.975 15.984 11.407 41.834 134.465 57.043 [lbendng  Omes Flrnkiyhd
229.056 6.043  0.652 4.204 5.067 65.601 19.196 72.870 17.842 28.485 14.805 -98.351 148.685 58.941 dontckar Ofcks et
275.596 6.121 0.622 4.277 4.282 78.331 18.413 51.596 14.380 26.750 15.562 -139.235 144.425 55.018 - S
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451.996 6.209 0.620 1.723 1.723 49.126 17.196 66.B18 24.927 25.936 18.913 -114.452 133.186 55.510
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Common project on documentation: INSPIRE

Welcome to INSPIRE B. Please go to SPIRES if you are here by mistake.
Please send feedback on INSPIRE to feedback@inspire-hep.net

‘ \ http://inspirebeta.net/
INSPARE

SPIRES HepNames :: Inst :: ConF :: Exe :: Joss

Home > Events with Isolated Leptons and Missing T and

of W
Information | | References (52)| | citations (8)| I H1 internal I

Events with Isolated Leptons anf{ Missing Transverse Momentum and Measurement of W Production at HERA.

H1 CollaBpration (F.D. Aaron (Bucharest, IFIN-HH & Bucharest U.) et al.) Show all 256 authors.

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

Abstract: Events with high energy isolatéy electrons, muons or tau leptons and missing transverse momentum are studied using the full e*\pm p
data sample collected by the H1 experimet at HERA, ponding to an i d luminosity of 474 pb{-1}. Within the Standard Model, events
with isolated leptons and missing transverse momentum mainly originate from the production of single W bosons. The total single W boson
production cross section is measured as 1.\ \pm 0.25 (stat.) \pm 0.14 (sys.) pb, in agreement with the Standard Model expectation. The data are
also used to establish limits on the WW\gamYna gauge couplings and for a measurement of the W boson polarisation.

Keyword(s): INSPIRE: W: production | transvefse momentum: missing-energy | DESY HERA Stor | H1

Record created 2009-01-05, last modified 2010-04-11 Similar records

 Abstract and Postscript and PDF from arXiv.org - E;(p oft
[;j.loumal Server BibTeX, EndNote, LaTeX(US), LaTeX(EU), NLM, DC

[EReaction Data (Durham)

> Envisage an additional link for the collaboration
members only

> Provides additional information (notes, slides etc.)

> Reduced data and macros also possible
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DPHEP Organisation

| ICFA

Advisory
Committee

1
Funding
Bodies - Experiment 1| |Experiment 2| |Experiment N
coordinator coordinator coordinator Steeri ng

Committee

Coordination Coordination Coordination
Tech, R&D Tech, R&D Tech, R&D
Experiment 1 Experiment 2 Experiment N

> Support expressed by major laboratories and committies: ICFA, HEPAP, FALC
> Funding plan in preparation: a Project Manager is needed

> Ensure collaborative continuity, fund rising and connections, project overview
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From concepts to implementation: recent progress

> Data preservation plans/projects started by experiments

= Technology and Organisation within the experiments
= 2 dedicated projects funded (DESY, SLAC)

> March 2011: LHC experiments joined DPHEP

> Progress in multi-experiment projects

= Preservation technologies
= Documentation (Inspire+experiments)

= Qutreach (common outreach formats etc.)

> Blueprint in preparation: status, proposals,costs

Cristinel Diaconu | Data Preservation in High Energy Physics, dphep.org | EGI-T, Lyon, September 22, 2011| Page 30

2009: concept paper

uuuuuuuuuuuu
o

8y Groapfor Dt Preservation and

> arXiv:0912.0255

Data from high-energy physics (}IEP)ExpmmenIsaxecollecledmﬂl ignificant financial and
‘human effort and are mostly unique. At the same fime, HEP has o coherent strategy for data
preservation and re-use. An inter-experimental mdmeuponHEPda presetvso n 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 lsanmumudl epan to the
Intemational Committee for Fufure Accelerators (ICFA) of the reflections of this Study
Group.

2011: blueprint =~
(in preparation)

Blueprint of
Data Preservation in High-Energy Physics




Priorities in HEP Data Preservation

> Priority 1: Experiment Level Projects in Data Preservation.

= 2-3 FTEs /exp

> Priority 2: International Organisation DPHEP.
= Project Manager (1 FTE) is needed

> Priority 3: Common R&D projects

= each involving 1-2 dedicated FTE, across several laboratories

> These priorities could be enacted with a funding model implying
contributions from the three regions (Europe, America, Asia) and strong

connections with laboratories hosting the data samples.
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We are not alone....

> Other fields observe a dramatic increase in data and are questioning
the long term future of this data

Telescope Collecting Area

-
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Other fields

> Task forces already in place to address this issue in a generic way (standards)

http://brtf.sdsc.edu

" e.g. Blue Ribbon, APA, DPC, eSciDir, (intermediate report and references)
1800
) N
1500 / Transient Preservation Plannin
information g J
1400 > or unfilled /
demand for a
[¢] 5 N
0 1500 queries
O D S
. - result sets
2w - ¢ ; rders U
oy / E ' | - E
. e R Al Ml I I n

{00
/ — Admlnlstratlon

’ :
2005 2006 2007 2008 2008 2010 2011 MANAGEMENT

_ FIGURE 2.1: The OAIS Reference Model
FIGURE 1.3: Information and Storage hitp:/ /public.cesds.org/publications/archive/630x0b1 pdf, Page 41.
Source: ]. Gan January 2008 (revised). Used with permission. Source: Consulbtative Commitiee o Space Data Systems Janary 2002.

> Scientific Data is a major component of the ongoing efforts (complexity)

> Some scientific fields are well advanced : astrophysics
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Virtual Observatories in Astrophysics

16 Member Organizations

® sroveme sosse

s
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* »
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l'.. Ij Fabio Pasian — IVOA — DESY, Hamburg - 26-28 Jan 09

Theory

Numerical Simulations .
> Data Archives Inter-operable

Data Reduction

Data Analysis
> Work on standards and access to

differe_nt requirements,
SAMEINISSINCNE = Data, simulation, mining
techniques

> International, multi-experiment

e-Infrastructure

F.Pasian
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Scientific data preservation as a common goal?

PANGAEA®

Data Publisher for Earth & Environmental Science

@

= Technologies for data - 3« -

curation See how

Preferences more.. ﬁ ».  The Astronomical
& & Image and Table Format

FIGKILIG NIy e s IlMdallsSiIurL sysweun
My Account Home| News | Docs | WCS | Samples | Libraries | Viewers | Utilties | Keywords | Conventions | Resources

The FITS Support Office

Common issues on:

= Data integration

= Work on standards

at NASA/GSFC

Citations to articles on cancer microarray clinical trials

= (Open) access

: : Piwowar HA, Day RS, Fridsma DB (2007)
- POIICy ISSuUes o PLoS ONE 2(3): e308. doi:10.137 | /journal.pone.0000308
% -1 °
= Funding models

o :

o &1

%

s Q|

Usability Adoption § = .
Functionality S

§ 31 ¢

8 . .

o ' :

£ .

- s

. o | —_—
Preservation Sustainability -
o
Virtuous circle of : ;
preservation, re-use and (open) access Data Not Shared (n=44) Data Shared (n=41)

Cristinel Diaconu | Data Preservation in High Energy Physics, dphep.org | EGI-T, Lyon, September 22, 2011| Page 35



Conclusion and Outlook

> Data preservation in HEP have a true scientific potential
= Relevant physics cases for future use can be made
= |tis timely, given the current experimental situation and plans
= |t may enhance the return on the initial investment in the experimental facilities

= |t provides additional research at particularly low cost

> It requires a strategy and well-identified resources

=  Synergic action of experiments, laboratories and funding agencies

> International cooperation is the best way to proceed

= Support a coherent approach and a common structure: the DPHEP organization

> Potential for collaborations beyond HEP: many issues are already addressed in
other fields

= HEP has a true specificity: complex data, large scale analysis, long term projects
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Backup
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DPHEP Intermediate Recommendations (end 2009)

> arXiv:0912.0255

nnnnnnnnnn

Data Preservation in High-Energy Physics
BPwER 12ng o s i s s

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|
(Jamuary 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.

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

The preservation of the full analysis capability of experiments
Is recommended, including the preservation of reconstruction
and simulation software

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

The preservation of HEP data requires a synergic action:
collaborations, laboratories and funding agencies

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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Data cycle

V. White (FNAL)

-

rojec
specific
Qharan

Early Period Mature phase Final data-taking
R&D, Ideas, Construction, and beyond
Simulations operations, Final analysis,
LOIl, TDR, analysis data preservation
Proposals and access
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Example: LHC will not completely take over Tevatron physics

> Tevatron proton-antiproton

o . L. .
collisions are in fact unique 2 o8 inclusive jet production
> 3
© 10
> There is a physics case for g 0]
T = 10
Tevatron-LHC/LEP combinations W 02
Tevatron Run II Preliminary, L < 8.2 fb™' 10
2]0 L T o P ey LA EEA 1'1
%) I Geaed s Tevatron 10 ,
E s 5 iiogxpwcg R . EXC*US]OH ...... 10 A
= A . 10 , Tevatron sqrt(s)=1.96 TeV
= | | ; 10 f ==== LHC sqrt(s)=14 TeV "
@) 10 L,
A !
& 300 : . . -
I Tevatron Run Il / L
.% 200 b-iooi
A R March 7,201 - ; I
130 140 150 160 170 180 190 200 L e o o e e S st
m,, (GeV/c™) 0.05 0.1 0.2 0.4

X1 = 2p¢/sqri(s)
Many more examples are available....

There is a solid physics case to prolong the HEP data’s lifetime
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Better theory, better methods

OPAL [2011] arXiv:1101.1470 [hep-ex] DELPHI, Eur.Phys.J. C71 (2011) 1557
NLO NNLO
NLO  Nrra MNLO Nrra
2 015 x 35
g | - ! ! _ 9 DELPHI ~
0.14 -1 T T T - s —s— regularised unfolding i

N

—&— weighted fitting

llIllllIllllllllllllllllllllllll

013 l LT T I i oF —p— combined average  —3— s
ASARE R I : s
¥ ‘ % I _ 15
012 F [ '_"_ { Ji i}{-{Tl J $
R L . —
: P ‘11:: I ) 05 ——
011 T T T '. et ]
T T T . 01 02 03 04 05 06 07 08 09 '“'(1
Xg
0.1 Fi.gurc 6: Mc_msurod_ ifrag_mwtation distril.au%i?ns.ill ‘thc two analyses and their combined average. Uncer-

: Sad" Q*Qq“? : Sad' Q’ Q%? : SHH' Q’Qi? : Sad' ﬂt(ﬁ’?

Figure 6: ag results combined over all OPAL c.m. energies for different event shape vari-
ables and different QCD calculations as indicated on the figure. The shaded bands and
dashed lines show the values of ag(mygo) combined from these values with total uncertain-
ties. The inner and outer uncertainty bars show the combined statistical and experimental
and total uncertainties, respectively.
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Outreach Data and TOOlS http://www.slac.stanford.edu/~bellis/HEP_data.html

Lin
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| ]
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HEP data in education and outreach.
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Tomography studies using converted WASS(MeY)
photons in BaBar Silicon Vertex-Tracker
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Cross Collaboration and Combinations

> Combined results already exist from LEP, Tevatron, HERA as well as

BaBar+Belle (in progress)
H1 and ZEUS
— 16
o I
5 I 0.002
» - =0.! +
Q14 | x=0.0002 X ﬁ ¢ HERAINCe'p
i % o ZEUS
- © H1
12
1 B - -
Single Top Quark Cross Section August 2009
08 - CDF Lepton+jets 32" |  HeH 217 fggg pb
06 B ) u ‘,-.f,:? x=0.032 CDF MET+jets 21" | 5.0 :gg pb
I b % DG Lepton+jets 2.3 b E 3.94 ig:gg pb
04 | i x=0.08 : +0.58
i Tevatron Combination ! 2.76 Z5'27 pb
i $ X=0 25 Preliminary :
02 - E B.W. Harris et al., PRD 66, 054024 (2002)
I N. Kidonakis, PRD 74, 114012 (2006) Miyop = 170 GeV
rul TR | 1 | | I | ! |

10° 0 2 4 6 8
Q/ GeV? o (pp — tb+X, tqb+X) [pb]

> Preserved data would make possible more combined analyses across experiments
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New theories, new interpretations

CERN-PH-EP-2011-080
May 20, 2011

Test of the 7-Model of Bose-Einstein Correlations
and Reconstruction of the Source Function
in Hadronic Z-boson Decay at LEP

ol

u 1 1 1

_ LB @ | _ LB
three—jot three—jot

18+ 7 model r 18 7 model -
R, free

R, constreined

2 3 t
Q (GeV)

Figure 5: The Bose-Einstein correlation function R, for three-jet events. The curve corresponds to the fit of the one-sided Lévy
parametrization, Eq. (IJ), with the parameter Ra (a) free and (b) constrained by Eq. (Id]). The results of the fits are given in Tables[I
and [ respectively. Also plotted is A, the difference between the fit and the data. The dashed line represents the long-range part of
the fit, i.e., y(1 + €Q).
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Dark photons: subject is new, data is old

Figure from Bluemlein, Brunner (2011)
I LI lllI I 1

10-1 T T TTTTT

102 10! 1
m,'[GeV]

Figure 5: Comparison of the present exclusion bounds (red line) with other limits from the measurement
of the anomalous magnetic moments a, and a, [19], T(35) decay [20], the beam dump experiments
E137, E141, E774 [21-23], and supernovae cooling [4,24]. We indicate the prospects for LSND [7,25]
(open grey-bounded area), and the DAMA /LIBRA region (open orange bounded area) [26]. The limits
for € > 10-7 have been taken from Ref. [6].
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Excluded?

my = 169.3 GeV /c?
> Some external
parameters may be not
well known

> Re-optimisation may be a
case for re-analysis

1 Theoretically -
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onn|2I()n|n4l0|||al)|||8bn|i(lxn)|ilxiuél40
my, (GeV/c?)

my = 179.3 GeV /¢?
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More examples...

> B- and SuperB-factories

> Low energy

Y
% [ &
Q0. 1997 @ e S i
> ...and many others 210 B factorios. ;
. cg (EBeIIe BaBar) :
= your favourite? k5 2006 o TUY
: < AI _ A ToUUR
...surprises can occur 10 —
at lower energies too e F— o
. | [
v L i
. 8. SUSY+50(10) % 8
‘2 15 i ]0 T M s E— fm—— ,
) SUSY+Higgs '
Zw0f *
5| SM-+seesaw Super B fa:ctory
-9 i
| | | | 1 ] ekl i Ak PR i PR
015 16 17 18 19 2 0 07 107?107 1 10
M(@nK"), GeV Luminosity (ab™)
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Physics case: opinions in the HEP community

Preserving HEP data is important for:

a) Compiling published results on a given subject (e.g. for a review) b) Testing new models using preserved data
(top/blue: theorists, bottom/green: experimentalists) (top/blue: theorists, bottom/green: experimentalists)
3.7% 0.4%
Irrelevant 21 6% Irrelevant ! 2 5o
= = 0% 2%
Compilations New models
Moderately 14.1% Moderately ! i 3.3%
important ; 24.9% important 11.6%
Important 38.6% 14.2%
mportan 34.1% 26.9%
27.4% 43.9%
important : 23.8% 42.2%
16.2% 38.1%
5.6% 16.8%
40% 45%
) - . . . d) Combining preserved data with new measurements
¢) Showing compatibility of or dgtectlng deviations betwegn old qnd new experiments (top/blue: theorists, bottom/green: experimentalists)
(top/blue: theorists, bottom/green: experimentalists) 2.1%
i © i .
Irrelevant . | i . 0'4; 4.0%
A . .
Understanding discrepancie$ Combinations | .,
0,
Moderately 4.2% 17.6%
important 14.4%
16.7% 21.2%
v 29.6%
27.6%
41.7% 39.2%
e 36.2%
39.2%
37.1% 29.6%
e 12.5%
16.0%
40%
45%

()Y IS
A - I pa
. . . . . PARSE.'"Sight | Salva | January 2009 . oo oo e 1 o+
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Risks of re-use?

Parse.insight

b) Uncontrolled access to data may lead to an inflation of incorrect results
(top/blue: theorists, bottom/green: experimentalists)

Not 21.0%
concerned 7.0%
Moderately 26.6%
concerned 14.7%
23.4%
Concerned 26.9%
Very 19.6%
concerned 31.4%
Gravely 9.3%
concerned 19.9%
0% 2 3 2 25% 30% 35%

Governance issues are very important o
"Errors using inadequate

data are much less than
those using no data at all.”
Charles Babbage
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An example: The H1 Data Analysis Model

119.977679 129.534731 124.739135 176.316414
130.46875 135.839924 130.84732 168.289658
135.895502 149.510531 140.795689 120.686833
134.127052 140.495868 132.823819 206.138393
129.851598 137.880438 124.888856 189.675642
123.797241 131.84633 126.146789 202.496855
118.435374 130.691651 112.877008 140.366234
112.401212 121.561443 114.237637 125.298579
112.388488 128.496503 113.302591 192.223669
129.011813 138.880759 128.517198 108.701884
— 127.077465 139.289941 129.528986 127.406576 —
124.9785 135.363241 127.454638 129.669126
124.294035 133.242253 124.704841 244.567067
125.663717 135.159011 125.476984 169.271991
123.704853 127.612613 124.25382 170.401964
118.926697 122.818967 115.379664 134.970308
116.588208 121.798711 116.018173 323.148148
119.458869 124.788744 119.103839 204.736734
120.081967 124.847434 120.425321 289.50681
123.462329 127.367029 123.298233 287.632974
124.442179 128.115374 125.592252 362.764329
125.490169 128.448761 124.411031 382.978361
124.446597 128.898705 126.602473 358.369956

Raw data transformed
into DST format using
Fortran based software,
regular re-processing

___H100
RN 7

w1l Regular common data and MC  Analysis level data
JE B production, calibrations and  format and software
R analysis performed using written in C++ and
H1 publishes physics results central computing resources based on ROOT

HERA delivered e*p collisions The raw data output
1992-2007 and the H1 Collaboration from the detector is
collected 0.5 fb! of data, ~ 10° events written to tape
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