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Solenoidal Tracker at RHIC (STAR)

STAR Event -> Pun=11047041; Event=43733;
Trig=01004 Date=2010/02/16 17:22:13 CGMT
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The life of LHC data

= Detected by experiment

= “Online” filtering (hardware and software)

= Transferred to CERN main campus, archived & reconstructed

= Transferred to T1 sites, archived, reconstructed & skimmed

= Transferred to T2 sites, reconstructed, skimmed, filtered & analysed
= Written into locally analyzable files, put on laptops

= Turned into a plot in a paper
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The life of LHC data

= Detected by experiment

= “Online” filtering (hardware and software)

= Transferred to CERN main campus, archived & reconstructed

= Transferred to T1 sites, archived, reconstructed & skimmed

= Transferred to T2 sites, reconstructed, skimmed, filtered & analysed
= Written into locally analyzable files, put on laptops
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CMS Data Flow

We have a big digital camera
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It takes photos of this
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Which come out looking like this
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CMS Data Flow

We have a big digital camera
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CMS Data Flow

We have a big digital camera

Which goes into lots of computers (HLT)

And then into lots of disk (Storage Manager)
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CMS Data Flow

A8 L. We have a big digital camera

AN Y

~200 GB/s

Which goes into lots of computers (HLT)

~2 GB/s

And then into lots of disk (Storage Manager)
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Throw away data ASAP




The life of LHC data

= Detected by experiment

= “Online” filtering (hardware and software)

= Transferred to CERN main campus, archived & reconstructed

= Transferred to T1 sites, archived, reconstructed & skimmed

= Transferred to T2 sites, reconstructed, skimmed, filtered & analysed
= Written into locally analyzable files, put on laptops

= Turned into a plot in a paper
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Tiers

CMS PhEDEX - Transfer Volume
93 Weeks from Week 01 of 2012 to Week 41 of 2013

2500 i - | PB/week 1
= Maybe a bit different A (B Vv N ]
= Many (>100) sites with 100’s TB —===C== = - -

storage, 10000’s worker nodes T R T T R T

Time
1 M T1 IT_CNAF Disk T1_US FNAL Buffer 1 T2_CH_CERN M TO CH CERN Export I T1_UK RAL Disk
= Why SO I I Iany? POI ItICS pOWer bUdget B T2_BE_IIHE ) T2_DE_DESY B T2_US_Wisconsin T2_US_MIT | T2_UK_Londen _IC
) ) o T2_US_Nebraska 1 T2IT Pisa B T2_US_Vanderbilt B T1_UK_RAL_Buffer B T17IT CNAF Buffer
T1_DE KIT Buffer £ T3_US _FNALLPC B T2 _AT Vienna 71 T2_IT Rome M T2 KR_KNU
CO St | T2_US_UCSD M T2 FR_GRIF_IRFU T2_EE_Estonia | T2_US Florida & T3_US_Colorado
' T1_FR_CCIN2P3 Buffer B T2 US Purdue B T2_UK_SGrid_RALPP O T1_ES PIC Buffer T2_UK_London_Brunel
O T2_IT_Legnaro B T2 BR _SPRACE M TW ASGC Buffer . BE ucL T2 US Caltech
B T2 ES_CIEMAT T2_RUJINR | T2_FR GRIF_LLR ' T2 DE_RWTH ' T2_FROIPHC
B 2T Bari W T2 FLHIP W T2 TW Taiwan T2 ES IFCA o T27IN TIFR
B T2 PT_NCG_Lisbon *1T2_CH_CSCS B T3 _FR_IPNL “1 T2_PL_Warsaw ... plus 53 more

Maximum: 2,790 TB, Minimum: 159.16 TB, Average: 1,390 TB, Current: 609.87 T8
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The life of LHC data

= Detected by experiment

= “Online” filtering (hardware and software)

= Transferred to CERN main campus, archived & reconstructed

= Transferred to T1 sites, archived, reconstructed & skimmed

= Transferred to T2 sites, reconstructed, skimmed, filtered & analysed
= Written into locally analyzable files, put on laptops

= Turned into a plot in a paper
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Analysis Workflow

= Each analysis is ~unique

= Query language is C++

= Runs on distributed and local resources

= Myriad “cut” selections to identify interesting events

= Data in final plot substantially reduced from the original dataset
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Multivariate analyses extract signals that are

iImpossible to find via “hand-drawn” cuts




Humans find signals even when none exist




Background

Efficiency

ALEPH D'
(91-95)
ALEPH exclusive
(91-94)
CDF J/v K
(92-95 Pr“t;l._)
CDF D'l
(92-93)
DELPHI D1
(91-93)
DELPHI topol

PR}

DELPHI topolo
(94-95 Prel.)

L3 Topol
i
OPAL top(()glggs\;
OPAL D'l
(91-93)

BABAR exclusive
(99-01)

- BELLE exclusive
(99-01)

Average

B Lifetime

Worki
Jul)?ZrOOlan Group

Cut Value

http://www.slac.stanford.edu/econf/C030908/papers/TUITO0|.pdf

o g =

o,

0.6

0.8

1

1.2

T (B)/1 (BY)

1.4

1.085+0.059+0.018

+0.23 +0.03
1.27 -0.19 -0.02

1.093::0.066:0.028
+0.033
1.11040.056 ") 0o

1.007)11 +0.10

+0.13
1.06"013 +0.10

1.04510.019+0.024
1.09+0.07+0.03
1.079+0.0641+0.041

+0.05
0.99+0.1470;

1.03°)15 10.09

+0.025
1.037 00> +0.024
1.082+0.026:+0.012

1.091+0.023+0.014

1.073+0.014
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http://www.slac.stanford.edu/econf/C030908/papers/TUIT001.pdf
http://www.slac.stanford.edu/econf/C030908/papers/TUIT001.pdf

Workflow Ladder

Number of users

Large datasets (>100TB)
Complex computation

Large datasets (>100 TB)
Simple computation

Use Grid compute and storage exclusively

Shared datasets (>500 GB)
Complex computation

Shared datasets (10-500 GB)

Complex computation Work on departmental resources,

Shared datasets (10-100 GB) store resulting datasets to Grid storage

Simple computation

Shared datasets (0.1-10 GB)
Simple computation

Work on laptop/desktop machine,
Private datasets (0.1-10 GB) store resulting datasets to Grid storage

Simple computation
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Collaborative “skimming” remains valuable




Let’s Review
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Let’s Review

= Particle physics is special
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Let’s Review

= Particle physics is special

= But not as special as it used to be vis a vis data operations

= And that's a good thing

= Keep only the data you can analyze

= Remember that we're biased to find patterns, and lots of data means lots of patterns
= Multivariate analyses win in the end

= Skim datasets for fun and profit
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Thanks!

@kocolosk

adam(@cloudant.com
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