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i LHC Experiments

it LHC Computing Models

i CMS Data Federation & AAA

i Evolving Computing Models & NDN

i Summary
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Large Hadron Collider (LHC) 101

u Circumference: ~ 17 Miles

i 2 proton beams circulating at
99.9999991% speed of light:

it Beams cross and are brought
to collision at 4 points:

i Experiments built at those
points
i ATLAS
I CMS
i ALICE
i LHCb
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Compact Muon Solenoid (CMS) Experiment

u Detector built around
collision point CMS detector

u Records flight path and &5
energy of all particles
produced in a collision

i 100 Million individual
measurements (channels)

u  All measurements of a
collision together are s e
called: event
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LHC schedule

—Integrated luminosity

e Peak luminosity

3500

6.0E+34

[:-94] Alisoulwn| pajesdaju|

M. Girone(CERN)

~ 3000
2500
- 2000
- 1500
1000

|||||||||||||||||||||||||||||||||||||||||||||||||||

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||||||||||||||||

Year

~

You are
hS NB X

||||||||||||||||||||||||||||||||||||||||||||||||||

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38

|||||||||||||||||||||||||||||||||||||||||||||||||||

OE+34 -
OE+34 —+---4-—--+---
1.0E+34 -
Higgs
discovered!

EOE43A Hessiematons
4.0E+34 -

[-S,-wd] Ayisourwint

2% Fermilab

September 28, 2015

Phil DeMar: HEP Use Case for NDN



Projected LHC data volumes

400 PB
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CMS
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Exabyte

i Raw data = generated by detector(s) SN} X

it Derived data = reconstructed data, simulation data,
summary data sets, etcé)

I (derived data volumes) ~= (raw data volumes) x 8
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CMS Collaboration

i 186 institutions (globally distributed)
I High b/w R&E networks support experiment data movement
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LHC Computing Models
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Computing Lifecycle: CMS

u Tier structure for
computing (MONARC):

i

i

Data quality and trigger and
detector operation monitoring

0.Gutsche(FNAL)
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Tier 0 = CERN

Tier 1 = National data
centers for event
reconstruction &
archiving

Tier 2 = Computing
facilities for Monte

Carlo production &
event analysis

Tier 3 = Collaboration
sites

Tier 4 = Physicist
desktops
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CMS Computing GRID Infrastructure

i CERN (TO) at the center

ua 7 Tier-1 centers:
I Connected to TO by a
Ndedi cat edo

rrrrr

u 54 Tier-2 facilities
I Connected to T1s by
R&E networks

u ~120,000 cores
u ~75PB disk
i ~100PB tape

0.Gutsche(FNAL)
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Tier Model for Data Movement Abandoned

o Any CMS T1/T2 site could be
used as a data source

i Encouraged more flexible data
placement & replication

u Enabled more efficient utilization
of available resources
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MONARC hierarchical model

Based on expectation of low b/w &
modest storage at T2s

CMS abandoned MONARC before
t he LHC even star

i

ATLAS followed suit during Run |

T.Wenaug(BNL)
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