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• Relativistic Heavy Ion Collider (RHIC)
• National Synchrotron Light Source II
• Center for Functional Nanomaterials (CFN)
• NASA Space Radiation Laboratory
• Scientific Data and Computing Center
• And more …

Provides computing services for RHIC
• Tier-0 Data storage for all experiment data.
• Primary center for data processing.

Research Facilities

Serves as LHC ATLAS Tier-1 for the US 
• Secondary data storage for fraction of data (~23%).
• Primary US site for data storage, processing and 

distribution.

Serves as Belle-2 Tier-1 (New) 
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RReellaattiivviissttiicc  HHeeaavvyy  IIoonn  CCoolllliiddeerr

Heavy Ion Collisions

RHIC is the first machine in the world capable of 
colliding heavy ions, which are atoms which have 
had their outer cloud of electrons removed. RHIC 
primarily uses ions of gold, one of the heaviest 
common elements, because its nucleus is densely 
packed with particles.
RHIC collides two beams of gold ions head-on 
when they're traveling at nearly the speed of light 
(what physicists call relativistic speeds). The beams 
travel in opposite directions around RHIC's 2.4-mile, 
two-lane "racetrack." At six intersections, the lanes 
cross, leading to an intersection. When ions collide 
at such high speeds fascinating things happen.
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RHIC Ring



STAR detector

STAR and PHENIX, two large detectors located around the 
2.4-mile-circumference accelerator.
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TThhee  LLaarrggee  HHaaddrroonn  CCoolllliiddeerr  ((LLHHCC)) 7

The Large Hadron Collider (LHC) is the world’s largest and most powerful particle accelerator on 
the planet.  It first started up on 10 September 2008, and remains the latest addition to CERN’s 
accelerator complex. The LHC consists of a 27-kilometre ring of superconducting magnets with a 
number of accelerating structures to boost the energy of the particles along the way.

CERN, the European Organization for 
Nuclear Research, founded in 1954 to 
unite nations through science.  Physicists 
and engineers are probing the fundamental 
structure of the universe. They use the 
world's largest and most complex scientific 
instruments to study the basic constituents 
of matter – the fundamental particles.

CERN is derived from the acronym for the 
French "Conseil Européen pour la 
Recherche Nucléaire", ( European Council 
for Nuclear Research)



AA  SSyysstteemm  ooff  TTiieerrss

• Tier 0 is the CERN Data Centre. All of the 
data from the LHC passes through this 
central hub

• Tier 1 consists of 13 computer centers 
large enough to store LHC data. They 
provide round-the-clock support for the 
Grid, and are responsible for storing a 
proportional share of raw and 
reconstructed data
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Country Tier 1 Grid site

Canada TRIUMF

Germany KIT

Spain PIC

France IN2P3

Italy INFN

Nordic countries Nordic Datagrid Facility

Netherlands NIKHEF / SARA

Republic of Korea GSDC at KISTI

Russian Federation RRC-KI and JINR

Taipei ASGC

United Kingdom GridPP

US Fermilab-CMS

US BNL ATLAS

https://home.cern/about/computing/grid-system-tiers
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ATLAS T1 Sites
Tier 0 is the CERN Data Centre. 

Tier 1 consists of computer centers 
large enough to store LHC data. UK-RAL

NDGF

NL- NIKHEF 
/ SARA

DE-KIT

IT-INFN-CNAF

ES-PIC

FR-CCIN2P3

CA-TRIUMF

BNL

TW-ASGC

Europe
Asia

North America

WIGNER
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The Belle II experiment is a particle physics experiment designed to study the properties of B 
mesons (heavy particles containing a bottom quark). Belle II is the successor to the Belle 
experiment, and is currently being commissioned at the SuperKEKB[1] accelerator complex at KEK 
in Tsukuba, Ibaraki Prefecture, Japan.

N
ot a nuclear m
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https://www.youtube.com/watch?v=1cY78LskVjQ

https://youtu.be/328pw5Taeg0?t=1m27s

https://youtu.be/nGCrrgXSEOk?t=6s

https://www.youtube.com/watch?v=pQhbhpU9Wrg
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KEK - High Energy Accelerator Research Organization

Kō Enerugī Kasokuki Kenkyū Kikō



13

A pilot mass-storage system for KEK 
belle experiment
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96 GB

https://cds.cern.ch/record/2273963?ln=en



DDaattaa  ssttoorraaggee  mmeeddiiaass  iinn  11999955 15

In 2018, 
128 GB memory card
$40

Transfer rate: 32 MB/s
http://www.reactivedata.com/tapedrives/Sony%20DIR1000H.htm

(codenamed Chicago)

Seagate Elite 9 10.8GB Fast SCSI, 10 MB/s
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RHIC Experiment data directly go to tape storage (primary copy)

Disk cacheSTAR
Detector

PHENIX
Detector

RHIC detectors:

Data processing

Streaming data
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In 2017

20.8 PB

24.8 PB

Archived to tape:
19,412,702 files – Average 53,185 files/day
20.8 PB – Average 58.4 TB / day

Restored from tape:
11,693,141 files - Average 32,036 files/day, 
24.8 PB - Average  69.5 TB/day
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LHC Run 3
2020, 2021, 2022

30 PB a year?!
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High Luminosity Large Hadron Collider
10x more data
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sPHENIX:

Data acquisition rate at 12 GB/s

LTO-8 is 360 MB/s

Need 35+ LTO-8 drives to keep up the speed!

The next generation heavy ion detector at RHIC

100+ PB a year
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The Brookhaven Plan
Adding an electron ring to Brookhaven's existing accelerator 
complex would be a cost-effective, practical strategy for 
achieving the scientific goals of an electron-ion collider
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New Tape Libraries Data acquisition volume, max 0.5 EB a year

May need ~100,000 slots in next 10 years



FFuuttuurree  CChhaalllleennggeess  iinn  NNeexxtt  1100  YYeeaarrss 28

New Tape Libraries Data acquisition volume, max 0.5 EB a year

May need ~100,000 slots in next 10 yearsComing soon?



TTaappee  SSttoorraaggee  PPllaayyss  aa  SSiiggnniiffiiccaanntt  RRoollee  iinn  PPrrootteeccttiinngg  
TThhee  SScciieennttiiffiicc  DDaattaa  
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2000 - 2006

4 x STK 9310
9940B Tapes

2005 SL8500

LTO3

2005 – now, 9 x SL8500, LTO[3-7]
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Media Types Cartridges Average Mounts Max Mounts
LTO-7 9,057 31.2 736
LTO-6 22,345 52.8 664
LTO-5 15,684 67.3 1,225

We have near zero failures with LTO-6 and LTO-7

Recalled 7,567,301 files from LTO-7

Recalled 18,255,072 files from LTO-6

Most of the IO errors were caused by excessive usage 
of our tape drives 
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Tape is sequential access media

Tape is designed for streaming data

We have observed files recall at average 132 MB/s/drive for LTO-5 in production.
All files were compressed.  All overhead (mount and seek) included.

LTO-5 max speed: 140 MB/s 

Minimized redundant tape-mounts.

Large files works better.

LTO-7
300 MB/s

LTO-5
140 MB/s

LTO-6
160 MB/s
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Scientific experiment data
Green: Data acquisition
Blue: Data Access

2.7 GB/s

1.6 GB/s
~1.1 GB/s

1 week

~1 GB/s
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15:00 – 21:00 sample: 1.3 GB/s

1.3 / 10 Drives = 132 MB/s/drive

All overheads included
(mount/dismount, seek … )

42,196 files requested

Average file size: 
10 GB

Destination disk limit: <1.5 GB/s

Need to adjust staging drives, to 
keep @ <1.5 GB/s


