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A few words on Dark Energy

past <— today —» future
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Blue region:

The expansion of the
universe slowed down for a
long time and then, with
dark energy, sped up.
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Billions of Years from Today
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A few words on Dark Energy

"E'jfpansinn Expansion
slows down  speeds up

supernova [\

=15 billion years

The subtle slowing down and speeding up of the expansion, of
distances with time: a(t), maps out cosmic history like tree rings
map out the Earth’s climate history. (Courtesy of E. Linder)
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95% of the Universe is Unknown

Dark Enorgy:
1%
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LSST and SNAP

201 CCDs (4kx4k) for a total of
3.2 Giga-Pixels

36 CCDs
(~443 Megapixels)

NIR
(~151 Megapixels)

Spectrograph port
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Outline

» DE DAQ vs. HE DAQ

® Front End Electronics

» Dataflow

e Control and Communication
®» Data Management

®2 Summary
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DE vs. HE Architecture

Observatory Control System

OCS
Uls, Coordination, Planning,
Services
1
_ DHS _ TCS _ Ics
Science qata collection Enclosure, Thermal, Optics Virtual Instruments
Quick look Mount, GIS
Data Handling Telescope Control Camera Control
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Dataflow Architecture
DES Camera CLEO III Detector

62 CCDs Focal Plane 7 Muon
Fastbus
2 crates Data Link (Fast Ethernet, DUPLEX)
~—
Monsoon Monsoon Monsoon Monsoon Monsoon /
Optical Fiber RICH )
SLink) ) J ) ) )
VME o
PAN PAN PAN PAN PAN 8 crates Event-Builder
(Science) (Science) (Science) (Science, (Science, —
Focus) Focus) Tape Robot
\ /‘// (" Drift \ 5 DQM
Glgabit Ethernet chamber = Computer
Network Fastbus t.% P
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Builder 181 ) S &
asibus < >
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(Ultra Sparc 5)
T (Srveren)
Switch
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4 crates
| S
3 Day
Storage
Trigger
System Slow Control

VME
8 crates

Monitoring

Data
Manage-
ment

Data Flow Control
(Trigger system)
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Typical Data Rates

: Data :
Telescope L Detector| Rate DIEIE P2
Rate | (per night) ) (per day)

DES 0.76bs| 0.3 TB BaBar 5 Gbs 0.3 TB

300

SNAP Mbs

0.3 TB CDF/DO | 100 Gbs | ~0.8 TB

LSST 26 Gbs LHC 800Gbs | ~8 TB

ppression
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Front End Electronics

4 SNAP CCDs (LBNL)
3.5kx3.5k, 10.5 pym pixels

buried
pchannel — oo
4

Fully depleted, high

I e resistivity, back

pheto-_ illuminated CCD with
(LBNL)

o
Transparent
rear window Vsub

e

SERIAL REGISTER

4000 X 2000
500 X 2000

Multiple output
ports for faster
Read-out (LSST

4000 X 2000
500 X 2000

DES Focal Plane with simulated image
(62 LBNL CCDs) D e 5 s
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Orthogonal Transfer CCDs

® Orthogonal Transfer CCD

® remove image motfion _ L
® high speed (~10 usec) ** D\;\Q Xﬂ
® Better yield, less expensive[ — N € i

L 1S
® Pan Starrs, Wiyn X X ‘ BQ:

Normal guiding (0.73")

*iﬂi :
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Data Link

Controller

DECam Monsoon Block Diagram
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Developed by NOAO

Typical readout rate: 250k-pixels/s @ <10e- rms noise

SIGNALS MAPFED ONTO cPCl BACKPLANE
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LSST CCDs & Electronics

«— Si CCD Sensor

P CCD Carrier
< 3 x 3 array of 16 MP sensors

16 output ports each - 144 video
channels
< FEE package
< Dual Slope Integrator ASICs
< Clock Driver ASICs
< support circuitry
< Flex cable interconnect

Thermal Strap(s)

Sensor Packages

< Cold plate

< Cool plate

< BEE package
< 144 ADC channels
< local data formatting
< optical fiber to DAQ

B
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e 201 CCDs with 3.2 GPixel ISST

® Readout time < 2 seconds, data rate 3.2 GBytes
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It's even harder in Space (SNAP)

® Custom chips for clocks, readout, bias
® Multi range, dual slope integrator
® Correlated Double Sampling A |
oltage 14 Bit
® 14 bit ADC Reference ADC
Pre-Amp CDS
® Radiation tolerant: Multislope Loaic
10 kRad ionization (well shielded) VO
Low power: # 200mJ/image/channel # 10mW/channel
Space qualified i |
- CompacT cov sl R AR Tining generator e Eﬁﬂm g -
m.-g n +—AN\ AM—— | é‘»—|‘n-cg ggi ol lo
g f%-’xj’ H 3 :||} *(*74—‘?“ | %
- ' X Bl 2
%’W y :I:hf— 3
CRIC-IlI P
S SNAP . S —
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Data Flow Considerations

Let's look at SNAP because space makes it different

® Data Volume
® The instrument contains 36 visible CCDs, 36 NIR detectors
® Each with 3.5k x 3.5k pixels, 16 bits
® Approx.1 GByte per exposure
® 300 second exposure time, 30 second readout time
® Approx 300 exposures or 300 GBytes per day
* Uptime (for down link)
® About 1-2 hours contact out every 24
® Random disturbances (e.g. weather)
® Compressed data are sent to ground
® Compression can reduce the data by a factor of 2
®* Down-link bandwidth
® ~300M bits/second

Klaus Honscheid, Ohio State University, RTO7, Fermilab




SNAP Observatory

Slice 1 ‘ \ 1553 Bus
Guide Slice 2
— ACS
Slice 3
Calibration © ICU
Primary S-band
» Transponder
Shutter B
| | NIRCCED Independent
Electronics Instrument
| Slice ink
Focus AT ( ) COHTI"OI Down Lin CD&H
@
3l Visible CCD _Per-sisfen"' S-band
Thermal || Storage »| Transponder
R ICU
[Spectrograph | Redundant
——@
Power —® / ||
distribution Siceso ﬂ l Power
47
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SNAP Observatory

® Redundancy
® Avoid single point of failure
® Backup units for critical systems
» Uptime of data link
® Onboard persistent storag-

Slice 1

® Data compression
. ICU
® Error correction
® Power, Size D

sTrame

(Slice) r
Control

2 Radiation Hardness

Persistent

Storage
ICU

Redundant

Klaus Honscheid, Ohio State University, RTO7, Fermilab



aspects of space qualification

Flash radiation studies

Radiation studies (200 MeV p) suggest flash may be appropriate
Implementation concept suggests requirements can be met
Future work includes finishing radiation analysis and work towards other

(see A. Prosser's talk this afternoon)

Quiescent current rises

after ~b0Krads. Failures

i | significant above that
dose. SEUs observed at

30 40 50 60 70 80
aaaaaaaaaaaaaaaaaaa a Iow r‘aTe
.

- e

Two beam exposures to
200 MeV protons at
Indiana Univ cyclotron

20-80 Krads explored

original
concept
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IR | SST Dataflow system 57

Services 9 CCDs
281 MB/s

PGP (300 m fiber)
1lane @ 2.5 Gb/s

PGP core &

) interface
Bootstrap - 1B
Selection J :

S Crate

ATCA
backplane

Fast Cluster $08 0
Interconnect | e S
Module

Slow Cluster
Interconnect
Module

To client
nodes on DAQ
network

Power +—

From CCS network

Klaus Honscheid, Ohio State University, RTO7, Fermilab Courtesy of A. Perazzo ' :



LSST Dataflow system

Bootstrap 1E S
Selection &
- E "

MGT Lanes

- F ATCA
it e backplane

5 4| 14 4 %
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Controls and Communications

\ Observatory Control System
/ \ ry ¥

Time ' Date -
Distribution
Scheduler
l h 4
Primary Command Bus -
Camera Telescope Aux. Equip. / Calibration Data Mgmt.
Control System | | Control System Control System Control System i
R . Facility
v vl |\ v ¥ Database
\ Status-’[];:{z Bus ——
¥ , / ¥ ¥
\Statu;/[]ata Bus —
TCS

Typical Architecture (LSST)

Klaus Honscheid, Ohio State University, RTO7, Fermilab




Expert Control: The Scheduler

Target Request to/from OCS

Strategic Inputs

Sci. Program Priorities

Sci. Program Reg.

Sci. Program Prop.

Sci. Program Evaluation

Y

A 4

Scheduler Merit Function Log

LSST Scheduler

Intermediate Inputs

Target History

Telescope Performance

Dome Performance

Weather Forecast

Klaus Honscheid, Ohio State University, RTO7, Fermilab

A

Tactical Inputs

Date, Time

Cloud Cover (Alt, Az)

Transparency (Alt, Az)

Hi-Res. Transparency
(1 FOV co-bore sighted)

Seeing

Wind Speed, Direction

Dew point

Air Temperature

Current Telescope Pos.

Facility Status.




Common Services

Coud Camera mhc_uL Sclence Data
Data Managment
Cloud Telecope Instrument Image Observatory Focalplane Image Operator
Camera Control Control Stabilization Control Control Builder Console
System System System System
Interface GUI
Toolkit
[ | | | | | [ |
Communications Library
(Software Bus)
Alarm Facility Configuration
Errorlogger Database Management
Software Infrastructure provides Common Services Components
. Functional , . T
¢ Logg'ng Interface Containers

- Persistent Storage

*  Alarm and Error Handling

*  Messages, Commands, Events
»  Configuration, Connection

Lifecycle
Interface ~

Services
Interface

Messaging Layer

ATST Common Services

Component/Container Model (Wampler et al,
Klaus Honscheid, Ohio State University, RTO7, Fermilab
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Implementations

Network | Transport |Interface |GUI
ALMA |Ethernet CORBA IDL Java/Swing
Gemini | Ethernet Epics Epics Tcl/Tk
SOAR |Ethernet Sockets SCLN Labview
DES Ethernet Sockets SML/SCLN | Labview
LSST |Ethernet |DDS DDS/IDL | Thd
SNAP | SPI like VxWorks n.a.

Klaus Honscheid, Ohio State University, RTO7, Fermilab

(adapted from S. Wampler)




Data Distribution Service

Search for technology to handle control requirements and
telemetry requirements, in a distributed environment.

Publish-Subscribe paradigm. ISST
Subscribe to a topic and publish or receive data.
No need to make a special request for every piece of data.

OMG DDS s’randard released. Implemented by RTI as NDDS.

Data Data
Reader, Reader

[ Subscriber ]

Klaus Honscheid, Ohio State University, RTO7, Fermilab



subscribers

Klaus Honscheid, Ohio State University, RTO7, Fermilab

Summary of key DDS PS features

sJaysi|gnd

Information consumer subscribe to information of interest
Information producer publish information
DDS matches & routes relevant info to interested subscribers

#Efficient Publish/Subscribe interfaces

®#Qo0S suitable for real-time systems
®# deadlines, levels of reliability, latency, resource usage, time-based filter

®| istener & wait-based data access suits different application styles
® Support for content-based subscriptions

® Support for data-ownership Courtesy of D. Schidt
® Support for history & persistence of data-modifications



Comparing CORBA with DDS

. COMPONENT CORBA Distributed Application
o (SERVANT) SERVICES
o DDS Infrastructure

( IDL SKELETON

CONTAINER
(PORTABLE OBJECT ADAPTER

NETWORK
Distributed object Distributed data
* Client/server » Publish/subscribe
* Remote method calls » Multicast data
* Reliable transport » Configurable QoS
Best for Best for
 Remote command processing * Quick dissemination to many no
* File transfer * Dynamic nets
» Synchronous transactions  Flexible delivery requirements

DDS & CORBA address different needs

Courtesy of D. Schmidt

Klaus Honscheid, Ohio St

Complex systems often need both...



Data Management LSS7

Long-Haul Communications Archive/Data Access Centers
[In the United States] Nightly Data Pipelines and

Base to Archive and Archive to Data Centers Data Products and the Science Data Archive are

Networks are 10 gigabits/second protected clear | posted here. Supercomputers capable of 60 teraflops

channel fiber optics, with protocols optimized for: provide analytical processing, re-processing, and

bulk data transfer community data access via Virtual Observatory
APy “"i interfaces to a 7 petabytes/year archive.

V— /
s B >
= = 4

Base Facility Mountain Site

[In Chile] Nightly Data Pipelines and Products are [In Chile] Data acquisition from the Camera
hosted here on 25 teraflops class supercomputers Subsystem and the Observatory Control System,

to provide primary data reduction and transient alert i With read-out 6 GB image in 2 seconds and data
generation in under 60 seconds. transfer to the Base at 10 gigabits/second.

Klaus Honscheid, Ohio State University, RTO7, Fermilab Courtesy of T. Schalk



®» L arge scale surveys require

® L arge(r) collaborations

Summary and Conclusion

® Dark Energy science requires large scale surveys

® Dedicated instruments (Giga-pixel CCD cameras)

® State of the art computing and software technology

. Good people _

— | interestin DAQ and RT
=== software required.

Post Doc Positions Available
-| PhD in physics or astronomy,

:}3
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=
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