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The LSSDbservatory System Specification (OSS)

Introduction and Scope

This Observatory System Specifications document describes the functional and performance
requirements and allocations needed to fulfill the system functionality and survey performance described
by the LSST System Requirements Docaotm&SE29). These specifications include those derived from
the following activities and/or modeling tools:

1 the reference system architecture consisting of four (4) principle sgammit, base, archive and
headquarters

1 the selection of the summit ston Cerro Pachon;

1 the modeling the dynamic survey performance with the LSST Operations Simulator;
1 the optical design optimization;

1 the point source SNR analysis of the system throughput

In addition to the system specifications this document also inclugesired codes and regulations
covering safety, construction, and other engineering standards.

Supporting Documents
1. LSST Science Requirements Document {LPM
2. LSST System Requirements {29E
3. LSST Systems Engineering Management Plari () SE
4. LSST Chage Control and Configuration Management Plan (LW
5. LSST Risk Management Plan (120

Verb Usage

Statements of need, requirements, and constraints are written using one of three verbs that have a
specific meaning with respect to verification. All statnts in this specification that convey operational,
functional, or performance needs, requirements, constraints, or goals on the LSST system will contain one
of these three verbsWill ¢ A statement of fact. Will statements document something that wilturc
through the course of normal design practice, project process, etc. These statements do not get formally
verified. Should¢ A goal. Should statements document a stretch goal. A should statement is typically
partnered with a shall statement. Should staients do not get formally verifie&hall- A requirement

that gets formally verified. Shall statements document critical requirements that must be verified through
inspection, demonstration, analysis, or test during the verification phase of the projeensure
objectively that the aduilt design meets the requirement.

The contents of this document are subject to configition control and may not be changed, altered, or their provisions
waived without prior approval.
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The LSST Observatory System Specification (OSS)

1 System Composition and Constraints

The LSST system will consist of facilities constructed at several sites in Chile and the UnitedrStaites
section we enumerate the planned facilities and their functions. The data processing functions at these
facilities are further divided into "Centers*collectionsof closely related activities.

We specify the choice of the physical sites usadthe system design. These choices imply specific
constraints that impact the system requirements and design. The specific sites drive system architecture
and connectivity specifications. The choice of the summit site, and the subsequent agreeme@hilgth

also determines particular requirements on the systeomponents that are provided.

The LSST summit site selection process resulted in the choice of Cerro Pachén in Chile for the location of
the observatory itself. The weather and astiimate (seing and cloud cover) of Cerro Pachén provide
system constraints under which the survey design requirements must be met which in turns drives certain
system specifications.

1.1 Facilities

1.1.1 Facilities
ID: OSSREQ®@0001

Specification: The LSST Observatory shalldesigned using the following four facilities; Summit Facility.
Base Facility, Archive Facility, and Headquarters Facility. These are described below.

1.1.1.1 The Summit Facility
ID: OSSRE®R0002

Specification: The LSST shall provide a "Summit Facility" tet ltbe following functions and their
associated maintenance activities:

1. Collection of the science data for the survey;
2. Collection of additional data required for photometric calibration; and
3. Control of the Observatory.

Discussion:The Summit Facility inales the main telescope and its enclosure, camera service areas,
mirror coating systems, the auxiliary telescope and its enclosure, utility equipment, and all other
infrastructure necessary to safely execute all the functions above and secure all LSSToaated on

the summit. Summit Facility also must provide the space and functional equipment to safely maintain all
the systen assets operating on the site.

1.1.1.2 The Base Facility
ID: OSSRER0003

The contents of this document are subject to configition control and may not be changed, altered, or their provisions
waived without prior approval.
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Specification:The LSST shall provide a "Base Facilitybsb the following functions and their associated
maintenance activities:

1. The Primary Remote Observing facility to assist in the control of the Observatory;
2. Survey planning and performance monitoring;

3. Collection of newly acquired data for transfer to theSISlata archive;

4. Backup of all dataraw, engineering, and derived products;

5. Host Country Data Access Center, as defined below; and

6. Control of Data Management operations (secondary location).

DiscussionThe Base Facility may be a single structure oriasef celocated buildings that provides the
personnel offices, computer equipment, and other specialized infrastructure necessary to safely execute
all the functions above and to secure all LSST assets located at the Base.

1.1.1.3 The Archive Facility

ID: OSSREQ®D004

Specification:The LSST shall provide an "Archive Facility" to host the following functions:
1. Ingest and daily processing of all raw science data;

Archiving of all dataraw, engineering, and derived products;

Data Release Production;

CalibrationProduct Production;

Moving Object Production;

I

United States Data Access Center; and
7. Data Management Operations (secondary location).

Discussion: The Archive Facility includes the personnel offices, computer equipment, and other
specialized infrastructuraecessary to safely execute all the functions of the listed Centers and to secure
all LSST assets located at the Archive.

1.1.1.4 The Headquarters Facility
ID: OSSREQRD005
Specification: The LSST shall provide a "Headquarters Facility" to host the followictiofust
1. Survey planning and performance monitoring;
2. Management of community science input;
3. Overall Observatory and project administration;
4. Education and Public Outreach; and
5

Data Management Operations Center

The contents of this document are subject to configition control and may not be changed, altered, or their provisions
waived without prior approval.
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DiscussionThe function of Observatory and peajt administration includes the activities of a director,
technical manager, business manager, and human resources, and covers all matters of compliance and
reporting, interface to funding agencies, and management of the overall LSST Obsenradoits
operations worldwide.

The functions of Education and public outreach include the developmenti@fddrricula, citizen science
programs, and the necessary serving of LSST data to educators and the general public through a dedicated
Data Access Center with or in close proximityo, the Headquarters facility.

The Headquarters Facility includes the personnel offices, business equipment, and other specialized
infrastructure necessary to safely execute all the functions above and to secure all LSST cesetsilo
the Headquarters.

1.2 LSST Sites
1.2.1 Sites

1.2.1.1 Sites
ID: OSSREQ0006

Specification: The LSST Observatory system shall be designed to safely meet its technical requirements
and operational specifications with the abodefined Facilities constructed ahé followirng physical
locations ("Sites"):

1. Cerro Pachon in Chile for the Summit Facility;
2. The AURA Recinto in La Serena, Chile for the Base Facility;

3. The National Center for Supercomputing Applications (NCSA) in U@arapaign, IL for the
Archive Facilit; and

4. A continental U.S. site for the Headquarters Facility.

1.2.1.1.1 Archive Site
ID: OSSREQ0022

Specification: The LSST Archive Facility shall be located at the National Center for Supercomputing
Applications (NCSA) in Champaldpbana lllinois.

DiscussionThe facilities at this site will be developed through new construction or through agreements
that meet operational and functional requirements but take advantage of existing NSF and NCSA
infrastructure.

1.2.1.1.2 Headquarters Site

ID: OSSRE®0023

Specification: The LSST Headquarters Facility shall be located in the continental United States of America.
When design considerations require the specification of the site location, Tucson Arizona shall be used.

DiscussionThe facilities at the selected site shall be eeped through new construction or through

The contents of this document are subject to configition control and may not be changed, altered, or their provisions
waived without prior approval.
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agreements that meet operational and functional requirements.

1.2.1.2 Base Site
ID: OSSREQ®0021

Specification:The LSST Base Facility shall be located at the AURA Recinto compound in La Serena, Chile.
The facilities athe Base Site shall be designed to be consistent with existing conditions; where local
standard construction codes are not sufficient, all equipment shall be designed to pdgfaced Seismic
Specifications.

DiscussionThe facilities at this site willebdeveloped through new construction or through agreements
that meet operational and functional requirements but take advantage of existing NSF and AURA
infrastructure.

1.2.1.3 Summit Site
ID: OSSREQ®0007

Specification: The LSST observatory Summit Facilityl fiealocated within the AURA property on Cerro
Pachoén (El Penon), Chile, and shall meet all requirements for survey performance and operations at that
site. All other functions of the Summit Facility shall be compatible with the defined weather, access,
seismic and other site conditions provided below.

1.2.1.3.1 Summit Geographic Definitions
ID: OSSREQD008

Specifications: When design considerations require the specification of the summit site location, the
following definitions for elevation, latitude, and loigde shall be used:

Description Value Unit Name

. . . 2650 metre summitElevation
The operational summit elevation to be used for des

purposes isummitElevation.

. . . . -30.2444  degree summitLatitude
The operational site latitude to be used for design purposi g

summit Latitude.

. . . -70.7494  degree summitLongitude
The operational summit longitude to be used for des ¢ 9

purposes isummitLongitude.

1.2.2 Summit Environment

1.2.2.1 Summit Environment
ID: OSSREQ0009

Specification:All systems operating at the Summit Fagilikposed to the external environment (includes
the dome interior) shall meet all their functional and performance specifications for the Normal site
conditions, shall operate in defined degraded modes under the Marginal conditions, and withstand

The contents of this document are subject to configition control and may not be changed, altered, or their provisions
waived without prior approval.
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without damage the noroperational Survival conditions provided below.

1.2.2.1.1 Normal Operating Conditions
ID: OSSREQRD010

Specification:The equipment and systems exposed to the external environment at the Summit Facilities
shall meet all of their functional, performaac and operational specifications for the normal
environmental conditions specified in the table below.

Discussion:These conditions correspond to the ~90% to 95% values of the weather distribution.

Description Value Unit Name

. . . 775 millibar normBaroMax
The maximum barometric pssure for normal operations :

the summit shall bemormBaroMax

. . . . . 750 millibar normBaroMean
When design considerations require barometric press

specifications all summit based systems shall use the r
pressurenormBaroMean

- . . 725 millibar normBaroMin
The minimum barometric pressure for normal operations

the summit shall be@ormBaroMin

. . . . - e 90 ercent  normHumidityMax
When design considerations require humidity specificati P Y

all summit based systems shall use the normal max
operational relative humiity (non-condensing
normHumidityMax

. . . . - . .. 40 ercent  normHumidityMean
When design considerations require humidity specificati P Y

all summit based systems shall use the normal I
operational relative humidity (nowondensing]
normHumidityMean.

0.7 celsius per normTempGrad

The rate of change for design purposes shall hour
normTempGrad.
. . 19.0 degree normTempMax
The maximum temperature for normal operations at { celsius
summit shall benormTempMax
. 11.5 degree normTempMean
The mean temperature fonormal operations at the summ Cegius P
shall benormTempMean
_ . -3.0 degree normTempMin
The minimum temperature for normal operations at t celgsius P
summit shall baaormTempMin
. . . . . 12 metre per normwWindMax
When design considerations require operational v secor?d

specifications all summit based systems shall use the ext

The contents of this document are subject to configition control and may not be changed, altered, or their provisions
waived without prior approval.
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Description Value Unit Name

operational wind speedhormWindMax

1.2.2.1.2 Marginal Operating Conditions

ID: OSSREQ0011

Specification: The equipment and systems exposed to the external enwi@mt at the Summit Facility
shall be operable (not necessarily meeting all performance and functional requirements) over the range
of marginal environmental conditions specified in the table below.

Discussion:These conditions correspond to the ~99% valaéthe weather distribution.

Description Value Unit Name
. 2.0 celsius per marginaltempGradie
The temperature rate of change for degraded operation hourp ’ nt P
marginalTempGradient
. . 30 degree  marginalTempMax
The maximum temperature for degraded operations at cefcfjsius J P
summit ismargind TempMax
- . -5 degree marginalTempMin
The minimum temperature for degraded operations at cel%ius g P
summit ismarginalTempMin
. S . 20 metre per marginalWind
The maximum free air windspeed for degraded operation secor?d g

the summit ismarginalWind

1.2.2.1.3 Survival Conditions

ID: OSSREQ0012

Specification: The exterior of the Summit Facility and all hardware permanently located on the exterior
shall be capable of surviving a constant wind speesliofivalWindExterior.

All equipment and systems at the Summit Facility, when exposed to the external environment (e.g. when
the dome is open) shall survive the other environmental conditions specified in the table below.

Description Value Unit Name

. . - 100 ercent survivalHumidit
All equipment at the Summit Facjlitmust be capable ¢ P Y

surviving a maximum neoondensing humidity @
survivalHumiditywithout damage.

. . - -10 degree survivalTemperature
All equipment located at the Summit Facility must be capi celgsius P
of surviving an ambient air temperature
survivalTemperature.
. . . . . - 20 metre per survivalWind
The equipment in the interior of the Summit Facility must secor?d

capable of surviving a constant wind speedwfvivalWind.

The contents of this document are subject to configition control and may not be changed, altered, or their provisions
waived without prior approval.
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Description

Value

The equipment in the interior of the Summit Facility mbst
capable of surviving an exterior -s@cond wind gust speed

survivalWindGust.

The survival load on the Summit Facility for ice on ver
surfaces shall beeLoadingref. Norma Chilena NCH 431)

The survival load on the Summit Facility due to snow she
snowLoadingref. Norma Chilena NCH 431).

All hardware permanently located on the exterior of t
Summit Facility shall be cable of surviving a constant wir

speed ofsurvivalWindExterior.

1.2.2.1.4 Transportation/Shipping Environment

ID: OSSRE@0013

Observatory System Specifications (OSS) LSE30 (rel15.0)

25

22

200

54

Latest Revision 27 November 2018

Unit Name

metre per = survivalWindGust
second

kilogram iceLoading
per square

metre

kilogram snowLoading
metre

squared

metre per survivalWindExterior
second

Specification: Components of the LSST Observatory that are transported to Chile shall stwive
shipping conditions described below.

Discussion:The shipping environment includes the general conditions when equipment is shipped to the
summit. The equipment must remain undamaged after repeated shipments. Delivery is expected to be by
plane or bat to Chileand then by road to the summit.

There is a tunnel on the road between the town of La Serena and the summit site on Cerro Pachon called
the Puclaro Tunnel. Any equipment will have to pass through that tunnel. Its overall dimensions are given

asdefined in Figure 1 below.

Figure 1- The Puclaro Tunnel and relevant dimensions.

The contents of this document are subject to configition control and may not be changed, altered, or their provisions

waived without prior approval.
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R220.47 \

33.00
CLEARENCE

318.90
DIMENSIONS SHOWN
ARE INCHES

Description Value Unit Name

. . . . Sealevel metre Altitude
During transportation, the effective altitude can charj5700m
between sea level and 3000m.

. . . . 45 tonne GVW
During transportatn to the summit, some roads have vehi
weight restrictions. Gross Vehicle Weight GVW = T
Weight/axle = TBD

1000to  millibar Pressure

Pressure will change during transportation to the summitfr = ;5
1000mbar at sea level down to 750mbar at the summit

. - . 10% to ercent Relative Humidit
The relative humidity range is from 10% to 100% \ 100(:% P Range Y

condensation for transportation to the summit

i i ' i 16 t Roads
Dirt roads will be used during transportation to the sum percen

with grades up to 16%

. . -15C to degree Temperature Range
The ambient temperature range or transportatlon tot +40C celgsius P g

summit is

The contents of this document are subject to condigtion control and may not be changed, altered, or their provisions
waived without prior approval.
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Description Value Unit Name
45 metre per Wind Speed

Wind speed may reach up to 45m/s during transportatior
the summit

second

1.2.2.1.4.1 Container Contamination
ID: OSSREQ®@0393

Specification:Shipping and transport containers shall be constructed such that penetration of water, dust,
sand and insect access during transportation is limited.

1.2.3 Astro -Climate

The selection of the summit site on Cerro Pachon implies a sminstraints relating to the astrolimate

under which the survey performance requirements from the LSR must be met. These include atmospheric
seeing, usable fraction of nights and cloud cover fraction, standard dark sky brightness, and standard
atmospheic transparency.

1.2.3.1 Standard Dark Sky Emission
ID: OSSREQ0019

Specification: For the purpose of evaluating the system performance and the flow down of subsystem
requirements the assumed sky brightness in each filter shall be as defineddartkekyBrighhesstable
below.

Discussion:The details of the sky brightness model and assumptions used are given in Do&8B&nt
The data file containing the assumed sky $peu is found in Documer8817.

The value for theypand is for the adopteddseline y4 fier.

The intense sky emission at the extreme red end of the LSST system response means this value could
change significantly should a differerbgnd definition be adopted later.

Description Value Unit Name

22.27 magnitude g_SkyBrightness
per
arcsecond
squared
20.47 magnitude i_SkyBrightness
per
arcsecond
squared
21.20 magnitude r_SkyBrightness
per
arcsecond
squared
22.92 magnitude u_SkyBrightness
per
arcsecond
squared

Integrated reference sky brightness in thdéand.

Integrated reference sky brightness in thieand.

Integrated reference sky brightness in thband.

Integrated reference sky brightness in thdoand.

The contents of this document are subject to configition control and may not be changed, altered, or their provisions
waived without prior approval.
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Description Value Unit Name

. . 18.42 magnitude SkyBrightness
Integrated reference sky brightness in théand. gper YIRS

arcsecond
squared

. . 19.59 itud z_SkyBrightness
Integrated referencesky brightness in the-lzand. magpr:elru €| 2->ornd

arcsecond
squared

1.2.3.2 Usable Observing Time
ID: OSSRE®0020
Specification:The LSST system shall be designed for the expected average number of usable observing

hours at the sitenightDurationAvg the winter maximumnightDurationMax and the summer minimum,
nightDurationMin.

DiscussionThese values have been defined with reference to Nauticad€iee) twilight and do not
include the effects of weather.

These specifications are requirddr the design of the peak and average capacit#sthe Data
Management system.

They also provide constraints for the definition of the ralsservingtime budget for observing
preparation, calibration, and maintenance activities together. During theodearound winter solstice

the scheduled maintenance and calibration activities will be defined such that they can be accommodated
in short nonobserving hours.

Description Value Unit Name

. 10 hour nightDurationAv
The mean useable length of a night shall be taker g g

nightDurationAvg.

. . . 12 hour nightDurationMax
The maximum useable length of a winter night shall be te 9

asnightDurationMax

. . 8 hour nightDurationMin
The minimum useable length of a summer night shall be tz 9

asnightDurationMin.

1.2.3.3 Site Atmospheric Seeing
ID: OSSRE®R0016

Specification The LSST shall meet the survey performance requirements under the constraint of the
atmospheric seeing on Cerro Pachon (El Penon) as specified in the table below.

Discussion:The values included here are elit DIMM measurements referenced to a wavelength of 500
nm. They do not represent the integrated delivered seeing over an 8.4m aperture or include affects from

the outer scale.

The contents of this document are subject to configition control and may not be changed, altered, or their provisions
waived without prior approval.
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Description Value Unit Name
. . . o 0.58 FW seeinglstQuartile
The first quartile of the seeing distribution dhhe taken as arcls_|e|\(/:| 91s1Q

seeinglstQuartile

. . . S 0.84 arcsecFW  seeing3rdQuartile
The third quartile of the seeing distribution shall be taker HM g3rdQ

seeing3rdQuartile

. . o 0.69 arcsecFwW seeingMedian
The median of the seeing distribution shall be taken HM g

seeingMedian

1.2.3.4 Cloud Coverage

ID: OSSRE®0017

Specification: The LSST Observatory shall meet the survey specifications under the assumed weather
conditions recorded at Cerro Tololo Observatory from 1975 to 2005 for cloud cover anarfracti
photometric and usable nights as defined in the table below.

Description Value Unit Name

. . . . . 53 ercent hotTimeFrac
The historically monthly mean available time fraction tha P P

considered "photometric" (i.e. cloudless) shall be taker
photTimeFrac

. . . . . 85 ercent usableTimeFrac
The historically monthly mean available time fraction tha P

considered usable (i.e. with clouds but observable, also ¢
"spectroscopic") shall be taken asableTimeFrac

1.2.3.5 Standard Atmospheric Transmission

ID: OSSREQ0018

Specificaton: For the purpose of evaluating the system performance and the flow down of subsystem
requirements the standard atmospheric transmission shall be calculated from the USAF MODTRAN model
using the reference atmospheric parameters given inttige below.

DiscussionWhile the reference airmass is X=1, Colleci@B contains data files for other airmass values

up to x=2.5. Documer8902 contains details on usinglODTRAN to calculate the atmospheric
transmission functions.

Description Value Unit Name
. . 338 dobson ozonelLevel
The standard typical Ozone level over northern Chil
ozonelevel
. 1013 millibar  sealLevelPressure
1976 US standard STP sea level pressa@aisevelPressure
1.0 air mass stdAirmass

Reference airmass for calculating the standard transmis

The contents of this document are subject to configition control and may not be changed, altered, or their provisions
waived without prior approval.
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Description Value Unit Name
function isstdAirmass

. . . 15 t stpRelHumidit:
The standard relative humidity percentagesipRelHumidity percen P Y

1.2.4  Survival Seismic Design Parameters

The LSST Summit and Base Facilities are located in RBed@itile; a known setgcally active area. The
requirements for seismic accelerations established here determine the probability for survival,
recoverable and operable events as defined below.

As a result of the interactions of the dynamic characteristics (natural frequenoteslamping) of the
telescope mount and its components with the vibration frequencies of the seismic accelerations, the
maximum accelerations of the telescope systems vary significantly according to their location on the
telescope mount. Consequently, folt aystems mounted to the telescope for all event levels, the design
accelerations will be determined by the application of the appropriate seismic vibration spectrum to a
finite element analysis (FEA) model of the telescope and its pier. These accekesaiicbe specified at

the appropriate interfaces between subsystems and/or components.

Verification of these requirement will be by analysis or prototype. The implied accelerations are
normalized to ductile materials and should be scaled to ASME staisdéet) factors for other material
types(e.g. glass, carbon fiber etxcWhere a range of material strengths is possible verification analysis
will use the minimum strength to determine compliance.

1.2.4.1 Recoverable Seismic Design Parameters
ID: OSSREQ@0342

Foecification: All systems and/or components permanently located at the Summit Facility shall be
designed to operate without any permanent damage following a seismic event equivalent to a 20%
probability of return over the specified design lifetimEthe g/stem and/or component.

bt SNXYIFySyd REFEYF3ASE akl ff 0S RSTAYSR +ta |ye& RFYI3
structural components, damage where capital repair costs are in excess of $10M (TBR) or repair times
longer than 6 months after accesschdamage assessment.

DiscussionSee discussion on design accelerations in "Seismic Design ParametefREQRE34).

1.2.4.2 Operable Seismic Design Parameters
ID: OSSREQ@0345

Specification: All systems and/or components permanently located at the Summitlifyashall be
designed to operate without any significant damage following a seismic event with a return period
equivalent to specified design lifetintd the system and/or component.

"Significant damage" shall be defined as any damage that cannot beredpaithin the statistical
allocation of the unscheduled down time defined in FES20082.

Discussion:See discussion on design accelerations in "Seismic Design ParameterREHQ3E34).

The contents of this document are subject to configition control and may not be changed, altered, or their provisions
waived without prior approval.
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2 Common System Functions & Performance
The requirements and spéiciation called out in this section are common and apply across the LSST
System.

2.1 Survey Scheduling and Management

2.1.1 Survey Scheduling and Management
ID: OSSRE®0024

Specification:The LSST shall be capable of scheduling the survey observations in amatadtomaner

based on several optimization parameters established to produce the Survey specifications defined in the
LSST System Requirements {$Eand maximize the operational efficiency. Through the parameters
defined below, the LSST shall be capalfladjusting its observations and its scientific priorities if they
should change before or during the survey. The System shall monitor survey progress and provide the
necessary tools described below to evaluate performance.

2.1.1.1 Survey Scheduling

ID: OSSRE@0025

Specification: The Observatory Control System shall schedule the survey with the functionality detailed
below.

2.1.1.1.1 Environmental Optimization

ID: OSSRE®R0026

Specification: The survey scheduling shall be optimized against local environmental conditions
maximize the survey's scientific return. This optimization shall include the ability to adjust filters based on
seeing conditions, the ability to avoid clouds with predefined opacity, and adjust to constraints derived
from wind direction.

2.1.1.1.2 Multiple Science Programs
ID: OSSREQD027

Specification:The survey scheduling shall be capable of optimizing scientific returns from multiple science
priorities, numbering at leastSciProp

Discussion: A science proposal will be defined by that include but aret minited to
number of visits and distribution by filter;
1 temporal of visit distribution and/or sequence definition;
1 limits on astraclimate quality for observation;
I constraints on the location of visit fields;
1

priority relative to other science proposals

The contents of this document are subject to configition control and may not be changed, altered, or their provisions
waived without prior approval.
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Description Value Unit Name
integer nSciProp

The minimum science proposal that the scheduling algori
must be capable of optimizing over.

2.1.1.1.3 Parallax Factor Sampling
ID: OSSRE@0028

Specification: The scheduler shall enforce an even distributioparfallax factor over the sum of all visits
in the 10year survey.

2.1.1.1.4 Scheduling Assessment
ID: OSSREQRD029

Specification:The survey scheduling shall be adjustable based on periodic assessment of performance.
This shall be done down to periods of 1 houratighout the night and shall be based on actual
accomplishments compared to objectives and current system technical performance.

2.1.1.1.5 Survey History Record
ID: OSSRER0030

SpecificationThe LSST Scheduler shall maintain an independent record of all pastatioses and shall
include Data Quality Assessment parameters determined by evaluation of the imaging data.

2.1.1.1.6 Temporal Visit Distribution
ID: OSSRER0031

Specification:The scheduler shall be capable of enforcing 5 (TBR) defined temporal distributiosissof v
covering the fast sample area (defined in the SRD).

2.1.1.1.7 Visit Optimization

ID: OSSREQ®0032

Specification: The survey schedule shall be optimized to maximize the number of scientifically useful
visits per night.

2.1.1.1.8 Scheduling Targets of Opportunity

ID: OSSREQ®0381

Specification: The scheduler shall be capable of accepting targets of opportunity, either planned or
unplanned, with constraints reflecting scientific priority and time urgency.

2.1.1.1.9 Avoidance Regions
ID: OSSREQD382

SpecificationThe Scheduleihall accept a list of avoidance regions, incuding coordinate boundaries, time

The contents of this document are subject to configition control and may not be changed, altered, or their provisions
waived without prior approval.
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window, and other inputs as appropriate. Avoidance regions may be updated continuously based on
various internal and/or external conditions and/or constraints.

2.1.1.2 Advanced Publishing of Scheduler Sequence
ID: OSSREQ@0378

Specification The scheduling of the observing sequence lasting at least 2 hours shall be published in
advance of each observing visit.

2.1.1.2.1 Scheduling Sequence Likelihood
ID: OSSREQR0379

Specification:Under photomeric (e.g. cloudless) conditions the likelihood that the observing sequence
as published is realized shall be at lesdttedSeqLikelihoad

Description Value Unit Name

. L L 90 ercent schedSeqLikelihood
The minimum likelihood that the advanced publication of P q

schedule sequencing is readd based when observir
conditions are photometric.

2.1.1.3 Survey Planning and Performance Monitoring
ID: OSSREQR0033

Specification: The LSST shall provide the tools and administrative processes necessary to monitor the
progress of the ongoing surveyrovide reports on the progress of the survey, respond to feedback from
the science community, and evaluate the impact of changing science priorities over the 10 year survey
lifetime.

Discussion: It is expected that the performancef this task will require the use of detailed survey
simulations in order to evaluate scheduling alternatives and optimize the future performance of the
survey.

2.2 System Control

2.2.1 System Control
ID: OSSREQRD034

SpecificationThe LSST Observatory shallbplemented with a coordinated set of control software that
will achieve the specified survey, as well as the necessary command, control and monitoring of all
observatory functions and states across the Facilities.

Discussion:This control software inclues both the Observatory Control System, which is responsible for
seguencing activities associated with data collection and initial processing, and the control software for
the Data Management system, which will be responsible for alert, data releasealinchtion products
productions, and archiving and serving data to users.

The contents of this document are subject to configition control and may not be changed, altered, or their provisions
waived without prior approval.
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2.2.2 Control Capabilities

2.2.2.1 Control Capabilities
ID: OSSRE®0035

Specification The LSST control capabilities throughout the system shall be designed to achieve the
specified survey wht an operating team consistent with the LSST Operations Plan. [docut@88} To
control the system efficiently, safely and reliably, the control system shall include both local and remote
control modes as specified in this section.

2.2.2.1.1 Local Autonomous Adminstration of System Sites
ID: OSSRE®0036

Specification: Each site in the LSST Observatory shall be capable of local autonomous control and
operation. The LSST System shall include the necessary provisions to function effectively when data
connections toother sites of the Observatory are interrupted.

DiscussionBy "Function effectively" it is understood that when data connections are lost that not system
functions will be preserved. For example, the Base Facility cannot generate alerts within 60ssecond
without the data coming from the Summit Facility and the Archive Facility cannot serve data it doesn't yet
have. Further, regarding data management "effectively" means that the equipment operates normally,
processes, and serves whatever data is availabl

2.2.2.1.2 Remote Operation Capabilities
ID: OSSRE®R0043

Specification The OCS and LSST subsystems shall be remotely operable by authorized personnel when
granted access by a local operator on the summit and the activity is actively monitored by the designated
local witness to maintain local situational awareness.

DiscussionBeing in the group of "Authorized Personnel" ensures that the LSST authorization process to
enforce network access checks and constraints, and Safety, Security and Operations awareaiessgr t
compliance, has been applied. Compliance with theserpggiisites will be periodically (or continually)
monitored. Each activity for which remote control of summit system(s) is granted is monitored locally by
a "designated local witness" who issponsible for being aware of the environmental factors and
associated hazards in the surrounding area and the location and/or positioning of people.

2.2.2.1.2.1 Summit Facility Operator

ID: OSSRER0308

Requirement:A local operator shall be alwaysailable at the @mmit Facilityto regain local control when
conditions or safety considerations merit.

2.2.2.1.2.2 Network Security

ID: OSSRE®0309

Requirement: Remote operations shall comply with all LSST Corporation cyber security policies in effect

The contents of this document are subject to configition control and may not be changed, altered, or their provisions
waived without prior approval.
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at the time.

2.2.2.1.3 Observatory Saéty System
ID: OSSREQ@0321

Specification: Each Facility in the LSST Observatory shall implement saitware based safety
system(s) in areas where injury or harm to personnel and or equipment can occur.

2.2.2.1.4 Observatory Control System Definition
ID: OSSRE)-0037

Specification:The Observatory Control System (OCS) is the primary high level supervisor and monitor for
conducting the survey that shall consist of software subsystems that interact through a connectivity
backbone layered on top of the observatamymmunications network.

Discussion The OCS commands, monitors and controls all observatory activities, to achieve a safe and
efficient observation environment.

2.2.2.1.4.1 Scope of Control
ID: OSSRER0038

Specification:The OCS shall control and monitor all adgtgitnecessary for the acquisition of the survey

and ancillary data. Additionally, the OCS shall provide high level control of the Data Management system's
processing of new data from the observatory, including the selection of its operational mode eansist
with each type of operational and maintenance data acquisition.

DiscussionThe operational mode selection above is intended to encompass the choice of normal nightly
science data acquisition, calibration data acquisition of various types, and didgpastesses. The OCS

will control the nightly start and stop of DM processing and overall system state changes, but it is not
envisioned that it will exert fingrained (e.g. peexposure or pewisit) control of DM's activity.

2.2.2.1.4.2 Visit Sequencing
ID: OSSRER0039

Specification:The OCS shall include the ability to orchestrate a complete sequence of visits over any 24
hour time period. This master sequencer shall be capable of system action flow control as well as system
process synchronization and paraittettion.

Discussion:OCS can be viewed as a sequencing engine for the execution of science, calibration, and
engineering observations. The sequence of science observations are generated by the observatory
scheduler based on observatory performance and gebgefined priorities. The master sequencer will
include observatory configuration and target acquisition sequences, from an OCS master process
sequencer.

2.2.2.1.4.3 Manual Visit Specification
ID: OSSREQ®D040

The contents of this document are subject to configition control and may not be changed, altered, or their provisions
waived without prior approval.
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Specification:The OCS shall be capable of acceptirfgllaset of visit specifications from an external
source. This shall include individual operator defined targets and a target list that is followed in order.
2.2.2.1.5 Subsystem Activation

ID: OSSRE@0041

Specification: Upon activation, each subsystem connectiedthe OCS architecture shall be able to
initialize itself and be ready for communication with the OCS without further human intervention. This
activation process shall take lemsbhSysStarto complete.

Discussion:In the context of this requirement a baystem refers to the three major subsystem of the
LSST Observatory, Telescope, Camera, and Data Management. It can also include other subsystems of
each of the three that are directly connected to the OCS architecture.

This does not place any requiremeptsthe subsystem in terms of being ready to take data. For example,
the Camera cool down (which requires activation) will take considerable longer than 1 minute.

This requirement assumes a "warm restart" or activation with the appropriate computer(shdp a
running.

Description Value Unit Name

. . 60 second subSysStart
The maximum time for a subsystem to execute a warm re!

and regain connectivity with the OCS.

2.2.2.1.6 Subsystem Initialization
ID: OSSREQ@0307

Specification: Each subsystem when powered up $ha initialized into a known safe state without
human intervention.

2.2.2.1.7 Subsystem Health and Welfare
ID: OSSRE@R0042

Specification: Each LSST subsystem shall be responsible for maintaining its own technilitaldadaty,
and status without any other suipstem operational.

Discussion:The Observatory shall have independent safety systems but each subsystem shall include an
initial level of autonomous safety for independent operation.

2.2.3 Standard Operating States
2.2.3.1 Standard Operating States

ID: OSSREQ0044

Jecification: The LSST observatory system shall be designed and constructed to sugpimitaiving
operational states:

9 Fully automated observingused for most of the survey observing;

The contents of this document are subject to configition control and may not be changed, altered, or their provisions
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1 Calibrate-used for special observing modes needed to calibragitimer the science data or other
technical aspects of the observatory;

1 Manual observing- used for specific noscheduler driven observing to support system
verification and testing or specialized science programs;

1 Engineering and Maintenance

Note: The sties need further definition in terms of access and safety requirements for each.

2.2.3.1.1 Manual Observing
ID: OSSREQD048

Specification: The LSST Observatory shall be capable of executing manual or simple script driven
observations.

2.2.3.1.2 Engineering and Maintenane
ID: OSSREQ®0047

Specification While in the engineering and maintenance state the LSST system shall provide the
capabilities to support the activities comprising of access to maintenance plans, capturing relevant
telemetry, executing sequences of testscording of associated activities, among others.

2.2.3.1.3 Automated Survey Observing
ID: OSSREQ®0045

Specification The LSST system shall be capable of operating in an automated operation state to perform
the survey execution.

Discussion The survey operationhgll proceed under the conduct of the OCS utilizing the automated
scheduler and its coordination capabilities with an operator available at the Summit Facility.

2.2.3.1.4 Calibration
ID: OSSREQ@0046

Specification In calibration state the LSST system shall beldapaf performing a science calibration
plan.

Discussion:The science calibration plan can include both the acquisition of specialized sky observations
or instrumental characterization data (e.g. dome flats, dark and bias images).

2.2.4 Degraded Operational Sta tes

2.2.4.1 Degraded Operational States
ID: OSSREQ®D049
Specification: The LSST system shall support the modes of degraded operation enumerated below.

DiscussionFor each type of degradation we specify the time for which we can tolerate an outage of that

The contents of this document are subject to configition control and may not be changed, altered, or their provisions
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particular type. Longer outages are then assumed to cause unacceptable losses, and are then charged
against the unscheduled downtime budget. The system should therefore be engineered to minimize the
occurrences of outages longer than the specified durations.

This can lead to concrete requirements at lower levels. For instance, the fact that we are designing for
two-day outages in SummBase and BasArchive connectivity now requires us to minimize the number

of outages longer than two days. This can be ddoeinstance, by requiringat the subsystem level

the acquisition of redundant network links.

2.2.4.1.1 Summit Power Grid Loss
ID: OSSREQ®0050

Specification: The summit Facility shall be capable of normal survey operations in the event of power loss
from the grid for a minimum duration afridLossTime.

Description Value Unit Name

- . . 2 day gridLossTime
The minimum time between resupply of the Summit Fac

backup power under continuous operation.

2.2.4.1.2 Summit-Base Connectivity Loss
ID: OSSREQ0051

Specification The LSST shall be able to continue with automated survey observing in the event that the
data communications between the Summit and Base sites are severed, for outages of less than
summitConnectivityLossTime

DiscussionThe level of data quality moniting provided during such degraded operation may be lower
than normal, due to the lack of availability of Base resources for computing. However, at a minimum, data
guality monitoring related to the health and welfare of the subsystems (seeREEB065) aml simple
analytic functions of the "quick look" display (seeSlRRE@0057) must be maintained.

Upon resumption of normal operations all normal science data processing, including full data quality
assessment, must be completed on acquired during the outage.

The emphasis on automated survey observing here is meant to convey that other capabilities might be
lost during such an outage, for instance the ability to reassess the progress of the survey, adjust scientific
priorities, etc.

Description Value Unit Name
. . . .. 48 hour summitConnectivity
Minimum duration of summibase connectivity outage fc LossTime

which normal survey operation can be maintained

2.2.4.1.2.1 Summit Data Buffer
ID: OSSREQ0052

Specification: The LSST system shall provide a limited buffer of bothmege (science and wave front
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sensing images) and telemetry data to allow survey observations to proceed in the event of
communications loss between the summit and base. The buffer(s) shall have sufficient capacity to store
the raw pixel and telemetry datr at least the design outage timsummitConnectivityLossTimdJpon
recovery from a communications interruption, it shall be possible to drain the buffer, in parallel with
continuing normal operations, at a minimum ratesafmmitBufferTransferTime

Discission: Once the connectivity is restored it is expected that any data obtained during the outage will
be transferred to the Base Facility and then forwarded to the Archive Facility where it will be processed
for alerts (late) and the data base updated.

Discussion:This requirement does not imply completing the nightly reprocessing of 3 days worth of data
at the Archive Facility within 24 hours.

Description Value Unit Name
. . 24 da summitBufferTransf
Maximum allowed number of days, per day of data in bui y erTime
to transmit entire piel buffer in parallel with norme
operations.

2.2.4.1.3 BaseArchive Connectivity Loss
ID: OSSREQ®D053

Specification: The LSST system shall be able to conduct normal science operations in the event that data
communication betwen the base and archive sites is lost, for outages of less than
baseConnectivityLossTime

Description Value Unit Name
. . . .. 48 hour baseConnectivityLo
Minimum duration of baserchive connectivity outage fc ssTime

which normal survey operation can be maintained

. . . 24 hour baseConnectivityRe
Maximum time for recovery from a Bagechive coveryTime

communications outage of lengthaseConnectivityLossTim

2.2.4.1.3.1 Base Updating from Archive
ID: OSSREQD055

Specification: Following an outage in Bagechive connectivity nmo longer than
baseConnectivityLossTimeall data transfer from Archive to Base shall be brought current within
baseConnectivityRecoveryTimén parallel with the continuation of normal operations.

2.3 System Monitoring and Diagnostics

2.3.1 Monitoring and Diagnosti cs

2.3.1.1 System Monitoring & Diagnostics
ID: OSSRER0056
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Specification: LSST Observatory shall monitor system and instrument performance on a regular (daily
where appropriate) basis with the goal of detecting sudden as well as gradual performance changes.

Discussion: Data volume and rate drive the need for very summary or statistical representation of the
information, thresholds and alarms, and the ability to drill down.

During routine observing hours the system will provide real time display(s) summasggtigm
performance. This includes real time display of the FPA image and basic image analysis including, but not
limited to PSF measurements, background levels, amplifier noise and other image statistics.

During norobserving hours the primary activity @hbe to review the quality control and performance
parameters specified by the established baseline performance report against the current performance
summarized in automated reports.

Sudden changes should be obvious from the near real time displayisnage analysig detecting long
term changes will require monitoring performance as a function of time.

2.3.1.1.1 Subsystem Baseline Performance
ID: OSSREQ®D066

Specification: Each subsystem shall provide a baseline of the as built performance as determinegl durin
acceptance testing and system integration & test.

Discussion: The baseline analysis is a deliverable of the subsystem and will be part of the acceptance
process. Itis expected that over time the observatory operations staff will modify and adddodhesis
as knowledge of the subsystems improves.

2.3.1.1.2 Subsystem Performance Reporting
ID: OSSREQ@0314

Specification: The LSST Observatory over the course of thgeHd survey shall monitor its performance
with respect to its established baseline and repaatiances exceeding established thresholds.

2.3.1.1.3 Performance & Trend Analysis Toolkit
ID: OSSRE@0067

Specification:The LSST system shall provide a common tool kit for conducting performance analysis,
including trending, on the telemetry captured in the Evagring & Facility Database.

Discussion:This tool kit will be part of the OCS.
2.3.2 Image Visualization
2.3.2.1 Image Visualization

ID: OSSREQ0057

Specification: The LSST Observatory shall provide the means to display images from the FPA (including
both scienceand wavefront sensors) in real time commensurate with the FPA readout, as well as from
archived images. This "quick look" display shall support the following global functions:
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1 Pan/zoom quickly and easily to arbitrary resolution
1 View from laptop/workstatio or multkmonitor wall (albeit with performance tradeffs)
91 Ability to view warning/quality flags via color coding, overlays or some other mechanism

1 blink / compare images from at least two different exposures

2.3.2.1.1 Image Display Locations

ID: OSSREQ@0310

Speification: "Quick look" image displays shall be locatde at amimn at the following locations:
1  Summit Facility Control Room
1 Base Facility Control Room
1 Archive Facility
1 Headquarters

1 Data Access Centers

2.3.2.1.2 Image Data Sources

ID: OSSREQ0060

Specification: The "quick look™" image display shall have access to imaigefiom the following sources:
1 the reakltime pixel streams (raw or crosalk corrected)
1 the 2day on Summit image buffer (from Summit and Base only)
9 the image archive at the Base Facility

91 the image archive at Archive Facility

2.3.2.1.3 Analytic Functions
ID: OSSRER0058

Specification: The "quick look" display tool shall support as a minimum the following analytitidasc
computation of basic statistics (mean, mode, SDEV, etc...) over an arbitgéon k& pixel space

line/column plot on any scale
histogram of pixel values in an arbitrary region of pixel space
basic PSF measurements (FWHM, second moments, radial plots profile fitting, etc...)

simple arithmetic between arbitrary regions of two images

=A =/ =4 =4 =4

overlaying the results of queries to the Engineering & Facility Database
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2.3.2.1.4 Display Timing Performance
ID: OSSREQD059

Specification: The "quick look" image display at the Summit and Base Facilities shall respond with the
latency performance indicated below

Discussion: these requirements only apply to "quick look" display located at the Summit and BAse
Facilities when accessing data from either the base archive or the summit data buffer.

Description Value Unit Name
. . . 10 second displayLatenc
Users at the Summit or Base facility BHee able to view the Py Y
image data from the most recent exposure wit
displayLatencyafter the shutter has closed.
2 second viewCycleTime

Users shall be able to cycle through predefined views of
full image (e.g. bright or faint star optimized bath bias map
noise map, etc.) withiriewCycleTiméetween each.

2.3.2.2 Data Visualization
ID: OSSREQ@0061

Specification:The LSST Observatory shall provide facilities (physical and software) for the visualization of
a variety of typesf data produced by the Observatory at the locations spediin OSRER0O006,
including:

i Catalog data derived from image analysis

9 Calibration data and data products, including images and spectra from the ancillary telescopes
and cameras in the Observao

Data quality metrics derived from the analysis of the Observatory's raw data

Engineering and facilities data, including monitoring and diagnostic data from the Observatory
and data processing systems

91 Data processing metadata
1 Selected reference datasei®m external sources (e.g., astrometric catalogs)
These facilities shall provide for at least the following types of displays:

9 Statistical, including histograms, correlation plots, and basic statistical data reductions on selected
data

1 Temporal, showingtne histories of selected parameters and of statistical properties of acquired
data

1 Spatial, displaying data overlaid on associated images
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2.3.3 Subsystem Telemetry

2.3.3.1 Subsystem Telemetry
ID: OSSRE®0062

Specification: All LSST subsystems shall publish teleynesing the Observatory specified protocol (LSST
Document2233) containing time stamped structures of all commaesiponse pairs and all technical data
streams including hardware health, and status information.

Discussion:In the context of this requiremd a subsystem refers to the three major subsystem of the
LSST Observatory, Telescope, Camera, and Data Management. It can also include other subsystems of
each of the three that are directly carcted to the OCS architecture.

Hardware health and status formation includes data regarding the correct functionality of all major
internal components and susubsystems.

The data for the science, wavefront sensing, and raw guider images are not included in this requirement.

2.3.3.1.1 Subsystem State Notification
ID: OSSREQD064

Specification: Each subsystem shall report changes in its internal state consistent with the significant
state changes contained in the Observatory State Model in SysML.

Discussion:The state change notification include at least those statethddfin OSREQ®0047, as well
as he following additional states:

1 System Reset
1 Emergency Shutdown
1 Standby/ Idle

1 Reconfiguring

2.3.3.1.2 Subsystem Metadata for Science Analysis
ID: OSSRER0063

Specification: The subsystem telemetry shall include all requiredrimfation (metadata) needed for the
scientific analysis of the survey data.

Discussion:The specific metadata that each subsystem is required to produce will be detailed as part of
the DM interface control definitions between the Camera, Telescope & SittO&LS. Collectietb39
contains the lists of metadata for the EFD as it is developed.

2.3.3.1.3 Subsystem Status

ID: OSSREQ®D065

Specification:Each LSST subsystem (or a small number of major subsystem components) shall assess and
report an overall hardware hédih status.
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Discussion:The primary purpose of these status indicators is for the OCS to be able to orchestrate normal
operations and handle out of normal conditions.

2.3.3.1.4 Telemetry Database
ID: OSSREQ®0195

Specification The LSST System shall capture thentetry data produced by every subsystem, organize
it and make it available through an Engineering Facility Data Base (EFD).

Discussion:There will be two kinds of interfaces for querying the EFD. One is to obtain the current value
of the telemetry, a rektime status of the system. The other one is for accessing the history of the
telemetry. The access of large amount of history data may span through more than one distributed
instance of the EFD, and such fact must be transparent to the user perforngrgutry, as well as not
having an impact on redime operations.

2.3.3.1.4.1 Control Data
ID: OSSRE®0196

Specification: The telemetry data shall include reported values needed for the purpose of théimeal
control of the observatory.

2.3.3.1.4.2 Engineering Data
ID: OSSREQ0197

Specification: The telemetry data shall include reported values needed for the purpose of the engineering
activities.

2.3.3.1.4.3 Meta Data
ID: OSSREQR0198

Specification: The telemetry data shall include reported values needed for the purpose of theiorser
of metadata alongside the science data.

2.3.3.1.4.4 Monitoring Data
ID: OSSRE@0199

Specification: The telemetry data shall include reported values needed for the purpose of the monitoring
activities.

2.3.3.1.4.5 Telemetry Database Sizing
ID: OSSREQ®0311

Specifications: The telemetry database shall be sized and support the bandwidths defined in the table
(EFD_OSSparameters) below.

DiscussionThe average rateEFD_AvgRatand the estimated data storage requiremerEkD_DayStore
are supported in document 7722. Thereaisother set of data (see document 7721) consisting of-non
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science images that are not permanently stored in the EFD that pushes the data rate transfer to
Blob_AvgRatefor a combined rate dilonScience_MaxRate

Description Value Unit Name

. . . - 154 megabit Blob_AvgRate
Longterm mean ngest rate to the Engineering and Facilit per Sgecolnd —Y
Database of norscience images required to be supported.

. . . .. 6.5 megabit EFD_AvgRate
Longterm mean ingest rate to the Engineering and Facili per second
Database required to be supported.

30 gigabyte EFD_DayStore

The minimum supported daily data volume of the enginee
facility data base.

21.9 megabit NonScience_MaxRa

Maximum ingest rate to the Engineering and Facili per second te

Database of norscience images required to be supported.

2.3.3.1.4.6 Initiation of Telemetry Database
ID: OSSREQ@0312

Specification: Collection and retention of telemetry data shall begin no later than the start of system
integration in the Summit Facility.

2.3.3.1.4.7 Telemetry Database Retention
ID: OSSRE)-0313

Specification: The data in the EFD shall be retained at least for the lifetime of the survey.
2.3.4 Summit Environment Monitoring

2.3.4.1 Summit Environment Monitoring
ID: OSSREQD068

Specification:The LSST Observatory shall monitor the local observing emnmt so that delivered data
performances can be assessed against the state of the environment at the time the data were obtained.
The monitoring shall include all natural elements that impact the image data quality and at a minimum
shall include tie following as detailed below:

1 Cloud Coverage

1 Meteorological Parameters

1 Integrated atmospheric seeing
1 Seismic activity

Discussion: The data generated from the Summit Environmental Monitoring is part of the recorded
observatory telemetry streams (see GBER0062).
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2.3.4.1.1 Monitoring of Atmospheric Seeing

ID: OSSREQ®D069

Specification: For the purpose of monitoring the system performance and optimizing its operation the
LSST Observatory shall provide the necessary instruments to measure the atmospheric seeing
independently from the main observing system.

2.3.4.1.2 Cloud Mapping and Monitoring

ID: OSSRE@0071

Specification: For the purpose of monitoring the system performance and optimizing its operation the
LSST Observatory shall provide the necessary instruments to pro2d@ map of the cloud cover
covering the visible sky centered on the Summit Site with a cadence equal to or faster than a standard
visit. Thecloudmap shall as minimum the properties listed in the table below.

Description Value Unit Name

150 degree cloudMapCoverage
The angular exdnt of the all sky cloud map centered on t g P g

zenith point shall be at leastoudmapCoverage

. 1.0 degree cloudMapResolution
The angular resolution of the all sky cloud map shall be at ¢ P

cloudMapResolution.

2.3.4.1.3 Weather and Meteorological Monitoring
ID: OSSREQ®0072

Specification:The LSST Observatory on the summit shall provide local weather conditions that impact,
and at a resolution consistent with, technical and scientific performance.shaill include, at a minimum

1 Temperature

1 Humidity

T Wind Speed

1 Wind Direction

2.3.4.1.4 Seismic Monitoring
ID: OSSRE®0073

SpecificationThe LSST Observatory shall provide and report real time monitoring of local summit seismic
activity and a near redime feedback on nearby seismic eventstte local operators at the summit and
base facilities.

2.4 System Maintenance

2.4.1 System Maintenance
ID: OSSRE®@0074
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Specification:The LSST system shall be designed for maintainability of components, and a maintenance
plan shall be implemented to achieve thequired survey performance during the life span.

Discussion:

The concept of the maintenance comprises both the idea to facilitate the monitor/inspection/repair
activities and the plan to perform the activities. The maintenance activities and thegfserfiorm them,

will be derived from documentation delved as part of each subsystem.

Maintainability features in the designs will include: the adoption of standard components where possible;
use of software and utility systems to track and minimize $ipare parts inventories; and technical
training and toolsts for maintenance activities.

Specific standards and codes are detailed belo@istem Standards.

2.4.1.1 Predictive Maintenance
ID: OSSREQ®0075

Specification: The LSST Observatory shall implement amaintain a comprehensive systewide
predictive maintenance program based on regular inspection and/or condition monitoring of all major
sub-systems including enclosure, telescope, adaptive optics, and instrumentation.

Discussion: The goal is to detect @ahcorrect performance degradation and/or potential failures before
these problems cause lost science time or significantly reduce system efficiency.

2.4.1.2 Preventive Maintenance
ID: OSSREQ®@0076

Specification: The LSST Observatory shall implement and mairdatbomprehensive systemide
preventive maintenance program based on vendor recommendation.

Discussion: This program shall cover all major technical -sybtems including enclosure, telescope,
active optics, instrumentation, and data processing hardwaksaftware. The goal is to maintain system
efficiency within specified ranges and maximize the time between failures.

2.4.1.3 Maintenance Activity Support
ID: OSSREQ®0077

Specification:In support of all maintenance activity, both predictive and preventive 88T Observatory
shall impement the following systems:

1 Comprehensive problem reporting, tracking, and management system

1 Work order driven preventive maintenance support system (usually known as CMMS for
Computerized Maintenance Management System).

Warehause inventory and property control
Document control center

Analysis tools for supporting predictive maintenance.
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2.4.1.4 Maintenance Reporting
ID: OSSREQ®0078

Specification: For the purposes of monitoring technical performance, a set of automatic reports based
on engineering telemetry shall be generated on a daily basis.

Discussion The reports are based on device/mechanism usage, behavior of their parameters within
specified limits, and correlation wittbmmon environmental conditions.

More detailed and spectfireports can be generated using the tools specifieMaintenance Activity
Support

2.4.1.5 Maintenance Tracking and Analysis
ID: OSSREQ®0079

Specification: The LSST Observatory shall maintain a permanent record of the description and time
required to recovefrom all maintenance events.

2.5 System Availability

2.5.1 System Availability
ID: OSSRER0080

Specification The LSST system shall have an availability for science and calibration observations, of at
leastplannedAvailabilityof observing nights of operation,ithin the specified performance limits defined

under "Normal Operating Conditions" (see 0010 above) and the allowed fractional cloud cover
cloudCoverFracin order to achieve the goals given by the survey.

Discussion An observing night is consiadgl when weather conditions are within observable limits. Of
those observing nights a percentage is allocated for scheduled downtime and another for unscheduled
downtime.

Description Value Unit Name

. . . . 62.5 ercent cloudCoverFrac
An night is considered "observable" when the fractionald P

cover is less thaoloudCoverFrac

. . . . ercent lannedAvailabilit
The minimum allowed fraction of available nights that car P P Y

used when all sources of down time are summec
plannedAvailability.

2.5.1.1 Scheduled Down Time
ID: OSSREQ®0081

Specification: The LSST shall meet the survey specifications allowingldonedDownTimedays of
scheduled down time annually for maintenance and repair.
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Description Value Unit Name
. . s 14 da scheduledDownTim
Allowed down time for scheduled nesbserving activitiess y e

scheduledDownTime

2.5.1.2 Unscheduled Down Time
ID: OSSREQ®0082

Specification: The LSST shall meet the survey specifications allowing for the equivalent of
unplannedDownTimedays for uascheduled down time annually for maintenaraed/or repair.

DiscussionThe basis for allocating the unscheduled downtime uses "typical" observatory down time of
4% with 2% added to account for thingle instrument of the LSST.

This down time covers only the ability to collect survey data.

Description Value Unit Name
. 21 da unplannedDownTim
The allowed time the system can be down for unplan y P e

events isunplannedDownTime

2.5.1.2.1 Unscheduled Downtime Subsystem Allocations
ID: OSSREQ@0373

Specification The Telescope & Site, Camera, and Data Managesnbsystems shall contribute no more
than TSUnschedDowntime, CamUnschedDowntimand DMUnschedDowntime respectively, of
observatory unscheduled downtime annually due to failures or unplanned maintenance.

Discussion:This requirement does not invoke timeed to verify by reliability analysis. Verification is by
analysis that identifies likely hardware failures and identifies mitigations to minimize downtime caused by
those failures.

Description Value Unit Name
. . 10 da CamUnschedDownti
Camera subsystem unplanned downtime pearallocation y me
. 1 da DMUnschedDownti
Data Management subsystem unplanned downtime per \ y me
allocation
. . 10 da TSUnschedDowntim
Telescope & Site subsystem unplanned downtime per y e
allocation

2.6 System Time References

2.6.1 System Time Reference
ID: OSSREQRD086

Specification: The LSST system shall provide an observatory wide standard time reference that shall be
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used by all subsystems where absolute and external time reference is required

2.6.1.1 Time Accuracy and Precision
ID: OSSRE)-0087

Specification:Computer clocks used to produce timestamps shall be synchronized with an observatory
master clock to a precision timestampPrecisiorand an accuracy dimestampAccuracyas given in the
table below. This requirement shall apply segtely to each computer clock.

DiscussionThe purpose of time synchronization is to ensure that timestamps recorded in the database
are meaningful regardless of which computer generated the timestamp. To achieve this, an observatory
master clock is disitouted to all computer hosts that generate timestamps recorded in LSST telemetry.
Current protocols (PTP and NTPv4) allow system clocks to be synchronized well within the requirement.
Timestamps are used to record both internal and external events as wvdisey telemetry. The
relationship between the timestamp and the actual physical event, expressed as latencyijitter, depends
on both the computer and the hardware (mechanical, electrical, etc.). It is the responsibility of individual
hardware design teant® determine the relevance of latencyi/jitter. When cross subsystem dependencies
on timestamps exist, additional requirements can be documented in ICDs. The term "precision" is to be
interpreted as a oneigma statistical measure, and the term "accuracyd asatistically determined mean
measurement. bias.

Description Value Unit Name

. 0.010 second timestampAccuracy
Computer clock timestamp accuracy

. .. 0.001 second timestampPrecision
Computer clock timestamp precision
2.6.1.2 Time Reporting Standard
ID: OSSREQ®0089
Specification: The time reporting standard shall be International Atomic Time (TAI).
Discussion: TAl is a purely sequential time standard without leap seconds. It forms the basis of the
Terrestrial Dynamic Time standard from which most other timenafces can be derived.

2.7 System Standards (including Environmental and Safety)
2.7.1 Environment

2.7.1.1 Environment
ID: OSSREQR0091

Specification: The LSST shall be developed and operated in compliance with all applicable local
environmental, cultural, and permitig regulations for each relevant LSST site and location of work. All
LSST development and operation shall comply with the LSST Site Environmental and Cultural Plan (LPM
52) that describes in detail the LSST Policy and Procedure for adhering to locatipgmaguirements

and other US Federal guidelines for extraterritorial projects. In addition to these local and international
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standards the LSST shall also comply with the following environmental parameters.

2.7.1.1.1 Electromagnetic Compatibility
ID: OSSREQR0343

Discussion: LSST consists of a collection of commercial and custom electronics supporting a single
scientific instrument. Some parts of the instrument deal with exceptionally small electrical signals and are,
thereby, susceptible to interference from gggiboring equipment. Some parts of the instrument deal with
large voltage and current changes and are, thereby, potential sources of interference. It is essential for
robust operation of the Observatory that all electrical and electronic equipment be psechaesigned,
fabricated and installed with this in mind.

2.7.1.1.1.1 Electromagnetic (RF) Emissions
ID: OSSREQR0092

Specification: The LSST Observatory shall not emit electromagnetic radiation on any frequency in
accordance to FCC part 15 Class B standardsigmaticantly interferes with itself (as defined by meeting

its performance specifications) or the operation of any neighboring facility, not including the formal
certification defined in those standards. All-tifite-shelf electronic devices that are notropliant require
suitable shielding or other mitigation. Custom designed LSST electronics shall take advantage of all
reasonable good practices in design and fabrication to minimize interference.

2.7.1.1.1.2 Electromagnetic (RF) Susceptibility
ID: OSSREQR0326

Specifcation: The LSST Observatory shall not be susceptible to electromagnetic emissions consistent with
FCC Part 15 Class A standards and commercial sources within and external to the Summit Facility, not
including the formal certification defined in those stirds. All off the shelf electronic components that

are not compliant require suitable shielding or other mitigation. Custom designed LSST electronics will
include all reasonable good practices in design and fabrication that minimize susceptibility.

Discusion: This requirement is meant to ensure the LSST design is robust against typical radio emissions
in and around the Summit Facility (e.g. walkie talkie and cell phone transmissions).

2.7.1.1.2 Night Light Emission
ID: OSSREQD093

Specification: During normal fght time operation the LSST Summit Facility shall not generate detectable
light pollution.

Discussion:The requirement is meant to both protect the scientific integrity of the LSST survey and also
minimize the LSST's impact on neighboring observatories.

2.7.1.1.3 Radio Active Background
ID: OSSREQD094

Specification:The LSST observatory system, Telescope & Site subsystem, and Camera subsystem shall
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each have a projeaieviewed radioactive material test plan.

Discussion:The observatory, T&S, and Camera mustettsy radioactive material test plans that define
testing approaches that are reasonable such that the subsystems and project as a whole can achieve a
radiation level that is "As Low as Reasonably Achievable” (ALARA). The test plans must specify testing of
critical components and subsystems assemblies to ensure that their contributions are well belewahe

of artifacts caused by cosmic radiation. Critical components anéissémblies, as well as test success
criteria, will be determined by the subsgshs taking into consideration their distance between the
component and sensors, shielding, component mass, and primary material of the component. A project
reviewed radioactive material test plan means that each subsystem's test plan must be placedhgnder
appropriate subsystem's change control; initial baselining and any subsequent updates must include
review and input from the LSST Project Systems Engineering (PSE) office. The LSST observatory system
radioactive material test plan must be approvedthg LSST Change Control Board (CCB) and placed under
formal configuration control.

2.7.2 Safety

2.7.2.1 Safety
ID: OSSRER0098

Specification:The LSST shall be designed to achieve the highest level of personnel health and safety
performance in all phases of the projdifecycle. All aspects of the design and construction shall comply
with the LSST Safety Policy, L-P84 This policy defines the procedures for personnel and equipment
safety throughout the design, construction, and operation phases of the project aidgesvorking
conditions and procedures, as well as the management structure and design features that impact safety
throughout the LSST Project.

2.7.2.1.1 Safety Priorities

ID: OSSREQ0099

Specification: The safety priority within the entire LEShall be (in pridgty order):
1. The protection of personnel,

2. The protection of the technical integrity of the LSST system and other equipment associated with
its operation; and

3. The protection of scientific data.

2.7.2.1.2 Hazard Analysis and Safety Practices
ID: OSSRE®0100

Specifiation: The LSST system shall govern its hazard analysis and safety practices (€€¢ ioPAn
order of precedence as follows:

1. Design for Minimum RisKThe primary means for mitigating risk shall be to eliminate the hazard
through design.

2. Incorporate Saéty DevicesProtective devices shall be used as part of system design to reduce
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hazard risks to an acceptable level where possible. These devices shall be subjected to periodic
functional tests and checks.

3. Provide warning Devicesvhen neither design oradety devices can effectively minimize a hazard
risk, devices shall be used to detect the hazard condition and alert personnel of its presence.
These devices may include visual or audible alarms and/or movable or permanent signs.

4. Procedures and Trainingdnly when it is impractical to substantially eliminate or reduce the
hazard, or where the condition of the hazard indicates additional emphasis, special operating
procedures and training shall be used. All such procedures shall be fully documented.

2.7.2.1.3 SafetyPlan

ID: OSSRE@0101

Specification: Comprehensive safety plans shall be developed and implemented before construction
starts at each of the 4 LSST system sites.

2.7.2.1.4 Operational Safety Plan

ID: OSSRE@0102

Specification:An operational safety plan shall developed and implemented before the Commissioning
phase starts.

2.7.2.1.5 Emergency Communications

ID: OSSREQ®0103

Specification:The LSST shall be designed, and shall include, the necessary communication equipment to
support the necessary machine and persont@hmunication in both normal and emergency operating
conditions at the summit. Other LSST sites are not specifically addressed due to their proximity to normal
municipality infrastructure and emergency response services.

2.7.2.1.5.1 Summit Radio Equipment

ID: OSSREQ@0105

Specification:.LSST shall include radio communication devices to support the personnel necessary to be
on the remote summit site. This equipment shall be consistent with Summit radio infrastructure already
in place.

2.7.2.2 Health

ID: OSSREQ®0106

Specificion: The LSST shall comply with all applicable local and national environmental and occupational
health codes, regulations, and standards.
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2.7.3 Building

2.7.3.1 Building Codes
ID: OSSRE®0095

Specification: All LSST facilities shall comply with the 2006 Internatiddailding Code and the
accompanying 2006 International Mechanical/Plumbing Codes for the deisgn of the Summit Support
Facility. These codes shall also apply to the LSST Base facility in Chile and the design -bha#dJ.S.
facilities.

In addition, all EST Facilities in Chile shall comply with the applidéttea Chilena:

1 NCH431: "Earthquake resistant design of buildings"”;
1 NCHA433: "Earthquake resistant design of buildings";
T NCH2369: "Seismic design of industrial structures and installations"; and
with other related regulations regarding seismic design. In cases of conflicting requirements, the most
stringent code shall govern.
2.7.3.2 Component Standardization Goal
ID: OSSREQ@0372

Goal:The LSST should be designed to standardizebaged components when ogoonent functional,
performance, and operational requirements dedioverlapping solution spaces.

Discussion:While it is desired to standardize component selection, it is realized that imposing this as a
strict requirement is not practical due to a vasief factors, including component requirements that may
require selection of unique hardware. However, standardizing components, where practical, supports
many project operational goals, including standardization of operational and maintenance procedures
Additionally, standardization reduces the number of unique spares that must be stocked, helping reduce
maintenance costs during commissioning and operations. To support the goal of component
standardization, it is recommended that the subsystems excaanfprmation on an ongoing basis on
their component selection to enable choices to be made informed by what components are already in
use.

2.7.3.3 Electrical and Controls Standards
ID: OSSREQ0096
Specification: For each system Facility the LSST shall develdglacument standards for the following:
1 Control Panels
Electrical and Electromagnetic Compatibility

1
i Controllers and associated software
9 Utility Connection

1

Grounding
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Summit Facility- DocumentTBD Base Facility DocumentTBD Archive Facility DocumentTHED
Headquarters DocumentTBD

Discussion: The objective of these standards is to support efficient operations and minimize the
dispersion of final design elements across the LSST system. This requirement will be applied at the
facility/site level to acount for differences in facility/site specific needs.

2.7.3.4 Minimum Design Lifetime
ID: OSSRE®0097
Specification: The LSST Observatory shall be designed for a minimum lifetimmbesignLife.

Discussion: The minimum design lifetime includes the time fromitial assembly during construction, 2
years of commissioning, and 10 years of survey operations.

Description Value Unit Name

- I . . . year minDesignLife
The minimum expected lifetime covering madnstruction

through to the end of 10 years of survey operation
minDesignLife

2.7.4 Security

2.7.4.1 Security
ID: OSSRE®0107

Joecification: The LSST shall provide a secure and safe environment for personnel, equipment, and data
at each of its 4 operational sites throughout the full life cycle of the project.

2.7.4.1.1 Cyber SecurityAgency Requirements
ID: OSSRE@0108

Specification:The LSST shall comply with funding agency requirements for cyber security appropriate to
the sensitivity of the project and the data it maintains and produces.

Discussion: This process requires an evaiioa of the threat level and of the consequences of a
compromise of security. The bulk of the project will generally be subject to security requirements for what
is often called an "open/public/unrestricted" environment. In such an environment, the cydmirisy
architecture focuses on maintenance of the integrity of the data and computing systems, and of system
avdlability.

Any sensitive computing systems, such as those used to manage personnel and business data or other
Personally Identifiable Informatn, will be subject to more stringent requirements. The control systems

for the LSST Observatory will also require additional levels of security appropriate to SCADA (Supervisory
Control and Data Acquisition) for physical systems.

2.7.4.1.2 Cyber Security Planning
ID: OSSREQD109
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SpecificationThe LSST project shall produce and maintain a cyber security plan and corresponding system
architecture.

DiscussionThe plan must comply with agency requirements (see-RE0108). It should be based on
established best @@actices appropriate to the sensitivity of the project and the data it maintains and
produces. Within that context, it will reflect engineering tradeoffs based on an evaluation of the
anticipated threats, capabilities of security systems, the role of grarel in maintaining a secure
environment, and the cost of proposed mitigations.

3 Detailed Specifications

3.1 Science and Bulk Data

The composite requirements below concern the acquisition, processing, and management of science data,
as well as certain otherlbk data such as wavefront sensor images.

3.1.1 Scoping

The scoping requirements control the amount of input data and catalog entries the Data Management
system is expected to process, archive, distribute, and store, and the query and processidgdiggd
point for user support.

The processing load and resources associated with the derived data products are constrained by these
requirements, and may be calculated from them, but do not appear here in the OSS.

Many data products are best defined with respecttmtent, quantity, or quality given certain reference
conditions. These conditions are also grouped under this section.

3.1.1.1 Raw Exposures Per Night, Maximum
ID: OSSREQ0189

SpecificationThe LSST Observatory shall support the acquisition, processingcaindreg of a rate of at
least nRawExpNightMaxhew science exposures per night, in isolated peaks, and an average rate of
nRawExpNightWinterAvéor extended periods.

DiscussionThese rates are derived from the estimatenightDurationMaxhours of sciencebserving

on the longest nights of the year, and from thisitDuration and aveVisitintervalparameters of the
standard cadence. The peak requirement is derived by adding two hours of twilight observing and taking
a worstcase scenario of short slewsdites not account for any time spent moving to a new field beyond
the two-second readout period fahe second exposure in a visit.

This requirement does not include calibration exposures, which are considered separately.

Description Value Unit Name

.. . . 2800 integer  nRawExpNightMax
Minimum number of raw science exposures required to

supported by the LSST Observatory in a singjht burst

- . . 1960 integer  nNRawExpNightWint
Minimum number of raw science exposures required to erAvg
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Description Value Unit Name

supported by the LSST Observatory over a sustained perit
during the weeks around the winter solstice)

3.1.1.2 Raw Exposures Per Year
ID: OSSRE®0190

SpecificationThe LSST Observatory shall support the acquisition, processing, and archiving of a rate of at
leastnRawEXpYeanew scénce exposures per year.

DiscussionThis rate is derived from an estimate of an average of 10 hours of science observing per night,
300 nights per year that are available for observing (rounded up after takingduledDownTimend
cloudCoverFrainto acount), assumingisitDuration and aveVisitintervalparameters of the standard
cadence, and adding a 10% margin.

Description Value Unit Name

- . . 5.5e5 integer nRawExpYear
Minimum number of raw science exposures required to

supported by the LSST Observatory over the course of &
year

3.1.1.3 Galaxy Counts
ID: OSSRE®0191

Specification:The LSST Data Management system shall be sized to handle approxintaddyxyYrl
identified galaxies by the end of the processing of the first year's data. It shall mmeledd scale to
nGalaxySurvegalaxies by the end of the planned survey.

DiscussionThese numbers are based on peer reviewed estimates collected in the LSST Science Book,
Section 3.7.2, and captured in the DM Sizing Model-813EThey assume surveepth coverage of

25,000 ded Their values depend on the expected depth of single images and the survey. The scaling with
time further depends on an assumed luminosity function.

Description Value Unit Name

. . - . . 2.0e10 integer nGalaxySurve
Minimum number of identified galaxies required toe g y Y

supported by the end of the processing of the data from
ten-year survey.

- . - . . 8.0e9 integer nGalaxyYrl
Minimum number of identified galaxies required to ey Y

supported by the end of the processing of the first year's «

3.1.1.4 Sar Counts
ID: OSSREQR0192

Specification: The LSST Data Management system shall be sized to handle approxintizlyrl
identified stars by the end of the processing of the first year's data. It shall be designed to scale to
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nStarSurveystars by the ed of the planned survey.

DiscussionThese numbers are based on peer reviewed estimates collected in the LSST Science Book,
Section 3.7, and captured in the DM Sizing Model-813EThey assume survegpth coverage of 25,000

ded. Their values depend dhe expected depth of single images and the survey. The scaling with time
further depends on an assumed luminosity function.

Description Value Unit Name

- . - . 1.7e10 integer nStarSurve
Minimum number of identified stars required to be support g Y

by the end of the processing of the datarh the tenyear
survey.

- . e . 1.3e10 integer nStaryYrl
Minimum number of identified stars required to be support g

by the end of the processing of the first year's data

3.1.1.5 Alerts per Visit
ID: OSSREQ@0193

Specification:The LSST DamManagement system shall be sized to accommodate an average value of at
least nAlertVisitAvg alerts generated per standard visit while meeting all its other requirements.
Performance shall degrade gracefully beyond that limit.

DiscussionThis is derivediirectly from the SRD specification toansN.

Description Value Unit Name

. . 10000 integer nAlertVisitAv
Minimum number of alerts required to be accommodai ¢ 9

from a single standard visit

3.1.1.6 Calibration Exposures Per Day
ID: OSSRE®@0194

Specification: The LSST Observatory shall be capable of collecting at t&2alibExpDaycalibration
exposures per day, while meeting all other requirements for the use of day time for maintenance and
other activities and at leastCalExpMaxver a 24 hour period.

Discussio: These include bias frames, monochromatic flats, broadband flats, and twilight calibration
exposures, as described in the Level 2 Photometric Calibration for the LSST Suri80)YL8Hs
understood that calibration data for guider sensors is a pdrthis data set. The specification for
nCalExpMaxs meant to accommodate a cloudy night that is dedicated to calibration.

Description Value Unit Name

- . . 450 integer nCalibExpDa
Minimum number of calibration exposures able to be acqu g Py

per day under normal operation shall be deast
nCalibExpDay
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Description Value Unit Name
750 integer nCalibExpMax

The number of calibration exposures that can be acquired
a single 24 hour period (e.g. on a cloudy night) shall be at
nCalibExpMax

3.1.1.7 Calibration Exposures Per Year
ID: OSSREQ@0323

SpecificationThe LSST Observatory shall support the acquisition, processing, and archiving of a rate of at
leastnRawCalYeanew Calibration exposures per year.

Description Value Unit Name

. . 1.5e5 integer nCalExpYear
The total number of calibration exposures that t ¢ P

observatory must be capable of support over a 1 year pe
shall be at leashCalExpYear

3.1.1.8 Bright, Isolated Point Source
ID: OSSREQ0337

Specification:The terms "bright, isolated point source" and "isolated point source" arel uepeatedly

in the data quality requirements. This is because many of the requirements are specified as an asymptotic
value in the absence of contributions from photon statistics or overlapping objects/confusion. For the
purposes of defining test caséar these requirements, "bright" shall be understood to mean having a
magnitude in the "bright end" range as defined in sec. 3.3 of the SRD. "Isolated point source" shall be
understood to mean a point source (typically a star) having no other detectedeavithin a radius of
isolatedRadiuSF FWHM.

Description Value Unit Name
10 unitless isolatedRadius

Radius containing no other detected sources

3.1.2 Science Image Handling Reliability

The following requirements place constraints on the losses of and ganmascience data that has been
archived and that are processed during each visit.

3.1.2.1 Science Visit Alert Generation Reliability

ID:OSSREQD112

Specification:No more tharsciVisitAlertFailuré of science visits read out in the camera [and specified

to be analyzed by Data Management] shall fail to be subjected to alert generation and distribution,
integrated over all stages of data handling from data acquisition through transmission of the alerts across
the project boundary.

Specification:No more thansdVisitAlertDelay% of science visits read out in the camera [and specified
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to be analyzed by Data Management] shall have their alert generation and distribution completed later
than the SRD specification for alert laten©T({T).

DiscussionThe "specifiedo be analyzed" language allows for the possibility that under some operating
modes, such as diagnostics, images delilyatot be analyzed for alerts.

This requirement applies tasits and not to individual alerts, because a specification that, éng.more

than 1% of alerts shall fail to be generated" gets tangled with questions of the scientific performance of
the actual alert detection. This requirement is a performance specification on the DM system, taking the
alert-detection algorithm as agen.

Note: Visits with alerts delayed beyond the latency specification will not ladiwe their alerts generated
late. A substantial proportion of the alerts for those visits will still be delivered on time.

Description Value Unit Name

. . . .. . 1% ercent sciVisitAlertDelay
Maximum fraction of science visits for which alerts & P

generated, but delivered later than theDTT1 latency

specification

. . .. . 0.1% ercent  sciVisitAlertFailure
Maximum fraction of visits for which alerts are not genera 0 P
or distributed

3.1.2.2 Science Image Archiving Reliability
ID:OSSRE®@0111

Specification:No more thanscilmagelLos%b of science, wavefront, and guider images read out in the
camera and specified to be acquired by Data Management shall be permanently lost or corrupted,
integratedover all stages of data handling through archiving and availability of the image for access in the
archive, or have its essential image acquisition metadata permanently todisassociated with the
image.

Corruption of images shall mean changes of arggiepixel values, with the exception of application of a
compression algorithm. Any such compression algorithm must be shown to have no effect on any SRD
requirement.

DiscussionThe "specified to be acquired" language allows for the possibility thatusmi®e operating
modes, such as diagnostics, images might be acquired by the camera and deliberately not archived.
Description Value Unit Name

. . . . 1% ercent scilmageLoss
Maximum fraction of reagbut raw images permitted to b ’ . g

permanently lost or corrupted downstream, including ldse
to the loss or corruption of essential associated metadata

3.1.3 Data Acquisition

These requirements deal primarily with the bulk science data.
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3.1.3.1 Wavefront Sensor Data

ID: OSSREQ®0316

Specification: The LSST shall provide foethcquisition of wavefront images uséal determine the
alignment, surface control, and knowledge of the instrumental PSF over the FOV.

3.1.3.2 Acquisition of Science Sensor data

ID: OSSREQ@0114

Specification:The LSST data management system shall acquire sciarages from the camera, for
archiving and for further processing.

3.1.3.3 Ancillary Image Data

ID: OSSREQ®0315

Specification:The LSST shall provide for the acquisition of other ancillary image data (e.g. data from the
auxiliary telescope) needed for the ansily of the science data.

3.1.4 Data Processing

These requirements enumerate the general principles that govern the processing of science data.

3.1.4.1 Reproducibility
ID: OSSRE®0123

Specification: The LSST data management system shall ensure that the results e$giragof data are
reproducible. Any data processing task, whenue based on the provenance data from the previous
run, onthe same system, shall produce the same results (with the exception of provenance data or other
execution records that depend atle wallclock time or on variable system loads). Tasksureon
different systems shall produce the same results to the extent computationally feasible.

Discussion?Computationally feasible" refers to the fact that floatipgint operations typicallyan return

slightly different results on different hardware platforms. LSST code is required to use reasonable care in
the implementation of floatingpoint computations to avoid the unnecessary accumulation of error, but

is not required to adopt computatiwally costly defensive techniques to avoid differences altogether.

3.1.4.2 Software Development Standards
ID: OSSRE®0124

Specification:The LSST project shall define a set of software development standards that shall govern all
code developed under project ausps, as well as opesource code contributed to and accepted by the
project from outside. These standards shall take account of best practices in scientific software
development and shall incorporate specifications of external programming language amdtioge
system Al standards where appropriate.

The software development standards shall be devised to meet applicable project requirements, and shall
be under project configuration control.
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Discussionit is intended that these standards will include, fxample, statements of which specific
version of the C++ and POSIX standards the project will follow.

3.1.4.3 Provenance

ID: OSSREQ@0122

Specification:The LSST Data Management system shall record provenance data on all its processing
activities: all informatiomecessary to reproduce computed data products from the associated raw data,
and to understand the processifgstory of any data product.

This shall include at least: software version and build information, settings of all configurable parameters,
history of processing steps, identification of all calibration constants used in processing, and hardware
and operating system configurations used.

Discussion:The intent is for provenance information to be sufficient to support the Reproducibility
requirement.

3.1.4.4 Automated Production

ID: OSSREQ@0117

Specification:Level 1 Data Product production shall proceed without the need for routine human
intervention in the course of a night's observing.

3.1.4.5 Consistency and Completeness

ID: OSSRE@0118

Specification: The LST data management system shall ensure that internal processing tasks are carried
out on selfconsistent and complete inputs, and that means are provided for users to achieve this in their
own processing tasks.

Discussionit should not be possible to in&drtently mix data, calibrations, and code from different data
releases. All available data shall be used, and no piece of input data shall be inadvertently double
counted.

3.1.4.6 Consistency

ID: OSSREQ0120

Specification: Consistency shall mean that all irjpdata, such as raw images, facility data, catalogs,
processed images, metadata, calibrations, camera configuration data, etc., match each other and arise
from consistent previous stages of processing, and that all processing is carried out within ansijogle

code release.

3.1.4.7 Completeness
ID: OSSRE®0119

Specification: Completeness means that every appropriate piece of input data from the data sets
intended to be processed, such as images or catalog entries, shall be included exactly once in the
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processng; i.e., that no data will be inadvertently skipped and that no single piece of data will be used,
counted, etc. more than once.

3.1.4.8 Open Source, Open Configuration
ID: OSSREQ@0121

Specification:All LSSWritten data processing software shall be releasedler an opersource license.
All configuration information necessary for users to be able to apply the software to reproduce LSST's
processing shall also be made publicly available.

DiscussionThe LSST software is permitted to depend on other egmurcesoftware packages, and will
establish a configuration control mechanism for determining which are@able for use in the project.

DiscussionThis specification does not prohibit the L$8Iductionsystem from using infrastructure with
a proprietary conponent, if that is justified by a cosienefit analysis. The software itself must be open
source, and must be able to be run in at least sysedile production on open platforms.

3.1.5 Data Products

These requirements contain the definitions for what dataquots are required to exist. It does not cover
how they are produced nor where or how they are archived nor what means and level of access are to be
provided.

3.1.5.1 General

3.1.5.1.1 Data Product Conventions
ID: OSSRE@R0391
Specification: LSST Data Products shalldallthe conventions defined in LSEB3.

DiscussionLSEL63, the Data Products Definition Document, describes conventions for data products
that cross level 1/2/3 boundaries.

3.1.5.1.2 Data Products Handling for Special Programs
ID: OSSREQ@R0392

Specification:Thehandling of data products from Special Programs shall be compliant with the approach
defined in LSEG3.

3.1.5.2 Level 1 Data Products

3.1.5.2.1 Level 1 Data Products
ID: OSSREQ®0126

Specification:Level 1 data products are intended to enable tid@main science use oas requiring
timely alerting and followup. They are the result of processing of the stream of image data from the
Camera during normal observing.

Discussion:The baseline list of Level 1 data products is provided as the composite contents of this
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requirement.

The conceptual design description of the delivered data products is defined ih6BSBata Products
Definition Document.

3.1.5.2.1.1 Level 1 Data Product Availability
ID: OSSREQ@0127

SpecificationWith the exception of alerts and Solar System Orbits, allllleRata Products shall be made
public within timeL1PublicTof the acquisition of the data. Solar System Orbits shall be made available
within L1PublicTof successful moving source linkage and orbit computation. Alerts shall be made
available within timeDTT1 from the conclusion of readout of the raw exposures used to generate each
alert to the distribution of the alert to community distribution mechanisms.

DiscussionLevel 1 Data Products will in general arise from either the nightly Alert Productfoomothe

daily processing of each night's data, and will be released to the public promptly following the completion
of processing. There is no higvel requirement in the SRD on the latency of delivery to external users
of Level 1 data products othénan transient alerts, but they should be distributed in a timely way.

3.1.5.2.1.2 Alerts
ID: OSSREQ®0128

Specification:The Level 1 Data Products shall include the Alerts produced as part of the nightly Alert
Production.

3.1.5.2.1.3 Exposures (Level 1)

ID: OSSREQ0129

Speciication: The Level 1 Data Products shall include fillowing types of Exposures:
1 Raw Exposures as obtained from the Camera and assembtfedimatted for processing
9 Processed Exposures (trimmed;iased, flattened, etc.i.e., provisionally calibrat
9 Difference Exposures.

DiscussionAll exposures, other than raw exposures, may be regenerated on demand from raw data,
rather than be physically stored.

3.1.5.2.1.4 Catalogs (Level 1)

ID: OSSRE®0130

Specification:The Level 1 Data Products shadilude the folbwing catalogs:
1 Exposure metalata

9 Difference Sources (DIASources, detected by comparing visits with reference images for the same
field)

91 Difference Objects (DIAObjects, inferred from positionally coincident DIASources)
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1 Difference Forced Sources (DIAFofsedrces, obtained by performing photometry at the
predicted location of previously detected DIAObjects)

1 Solar System Objects (SSObjects, detected by associating sets of DIASources consistent with
motion on Keplerian orbits around the Sun)

DiscussionThesecatalogs are all also recreated from scratch during the production of each Data Release.
New Solar System Objects will be identified in daily {postessing.

3.1.5.2.1.5 Nightly Summary Products

ID:OSSREQ@0131

Specification:The Level 1 Data Products shall idelua variety of reports, generated every night, that
summarize the scientific quality of the Level 1 data (SDQA metrics), and the associated Observatory
performance and performance of the Data Management subsystem.

3.1.5.2.1.6 Engineering and Facility Database Arclav
ID: OSSREQ@0132

Specification:The Level 1 Data Products shall include a daily update of the Archive Center copy of the
Engineering and Facilities Database (EFD), including all data from the Summit/Base copy of the EFD
associated with other released ledh\l Data Products.

3.1.5.2.1.7 Level 1 Data Product Quality
ID: OSSREQD147

Discussion:The requirements in this area specify the scientific performance required of the LSST Level 1
data products. These are driven by the needs of the science missions in theRLEST S

3.1.5.2.1.7.1 Level 1 Catalog Precision
ID: OSSRE@0149

Specification:Data processing shall contribute no more than a fractiom_1PhotoErto point source
photometric errors in Level 1 data products. Data processing shall contribute no more than an RMS error
of dmL1AstroErto point source astrometric errors in Level 1 data products.

Discussion:This requirement will be tested with simulation, and in commissioning using repeated
observations of one or more fields.

Description Value Unit Name

. N . 0.1 arcsecond dmL1AstroErr
Maximum contributiom from DM to Level 1 point sourc

astrometric errors

6 millimagnit ~ dmL1PhotoErr

Maximum contribution from DM to Level 1 point sout ude

photometric errors
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3.1.5.2.1.7.2 Level 1 Photometric Zero Point Error
ID: OSSREQ®@0152

Specification The photometric zero point determined for each CCD in the Level 1 data products shall
agree with the final zero point result from photometric calibration witpimtoZeroPointOffset

DiscussionThis is meant to be interpreted as a requirement on the aacyof the Level 1 photometric
zero-point determination algorithm compared to its Level 2 counterpart, and not a requirement on the
weather (e.g., the presence or structure of clouds).

Description Value Unit Name

50 millimagnit photoZeroPointOffs

Maximum photometric zero point offset been CCDs ar ude et

final photometriccalibration

3.1.5.2.1.7.3 Level 1 Moving Object Quality
ID: OSSREQ0159

Specification¥Valid identification and orbits shall be determined for at least a fraatidnitCompleteness
of Solar Systerobjects which are detectedrbitObservationstimes inorbitObservationintervaldays at
a levelorbitObservationThresholdgigma or more above the single frame background.

Discussion: Valid identification means that detections of the same Solar System tsbfes/e been
correctly associated as such. The verification method for this requirement will be comparison with
simulated inputs.

Description Value Unit Name
.. . . . 95% ercent  orbitCompleteness
Minimum fraction of Solar System objects meeting refere ’ P P
criteria for which valid orbits shdile determined
. 90 minute  orbitNightlyObservat
Interval over which a reference test case Solar System o io?“m)érvm
must be observed within a night
. 3 da orbitObservationinte
Interval over which a reference test case Solar System o y rval
must be olserved
. . . . . 2 integer orbitObservations
Number of detections within a single night required to def g
the reference test case for Solar System objects
C . . . . 5 sigma  orbitObservationThr
Significance threshold required for moving object detecti g eshold

to be includedn the reference test case definition

3.1.5.2.1.7.4 Level 1 Difference Sourcdifference Object Association Quality
ID: OSSRER0160

Foecification: The fraction of isolated Difference Sources not flagged as likely artifactsréhassociated
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with an incorrect Difference Object shall be less thaurceMisassociatiorfor Difference Sources
brighter thansourceAssocThreshokigma in a single visit.

Discussion: Source association algorithms that take Difference Object charadtsristuch as proper
motions, positional error estimates, or shapes, may be needed to satisfy this requirement. The verification
method will be by comparison with simulated inputs.

Description Value Unit Name
N . . 5 sigma  sourceAssocThresh
Significance threshold for testing of Sow®©gect old
associations
. . - . 0.1 ercent sourceMisassociatio
Maximum fraction of significant Source detections that r P n

be associated with the wrong Object

3.1.5.2.1.7.5 Difference Source Spurious Probability Metric
ID: OSSREQ@0351

Specification The Observatory shall develop a metric to characterize the probability of each reported
difference source being spurious.

Discussiont KA & & LJdzNA 2dzay Saa YSUNARO gAftf 0SS GLINA2NI FNBES¢
make use of informatiofrom the source and image characterization (e.g., comparison of source to PSF
morphology), as well as the information on the Telescope and Camera system (e.g., ghost maps, defect
maps, etc.), it will not use any information about the astrophysical neididumd of the source, whether

it has been previously observed or not, etc. The intent is to avoid introducing a bias against unusual
sources or sources discovered in unusual environments.

The performance of this metric will be assessed by simulations, leytims and recovery of artificial
sources, and comparisons to ground truth where known (i.e., asteroids, known variable stars, known
variable quasars, efc

3.1.5.2.1.7.6 Difference Source Sample Completeness
ID: OSSREQ@0352

Specification: For each visit, the Obsenay shall estimate the detected difference source sample
completeness and purity as a function of spuriousness metric threshold cut.

Discussion/Assuming some spuriousness threshd)ca sample of sources with spuriousness Twill
have some purity (dé&fed as the ratio of the number real sources wsth Tand the number of all sources
with s > 7, and completeness (defined as the ratio of the number of real sourceswithand the total
number of real sources). This information will aid the endrsi$e selecting the spuriousness threshold
appropriate for their particular science case.

3.1.5.2.1.7.7 Difference Source Spuriousness Thresholdansients
ID: OSSREQ®0353

Specification: There shall exist a spuriousness threshdltbr which the completeness and pty of

The contents of this document are subject to configition control and may not be changed, altered, or their provisions
waived without prior approval.

49



[S557

= | ARGE SYNOPTIC SURVEY TELESCOPE

Observatory System Specifications (OSS) LSE30 (rel15.0) Latest Revision 27 November 2018

selected difference sources are higher thteansCompletenessMirandtransPurityMin, respectively, at
the SNR detection threshotdansSampleSNRThis requirement is to be interpreted as an average over
the entire survey.

DiscussionThis specificabn captures representative completeness and purity rates supportive oftime
domain science cases. Note that these are rates determined only using the spuriousness metric cut; it is
likely the endusers will perform further classification steps to incredse purity of their samples,
depending on their particular science case.

This specification will be tested using simulations, by insertion and recovery of artificial sources, and
comparisons to ground truth where known (i.e., asteroids, known variabts,dtaown variable quasars,

etc.).
Description Value Unit Name
. 6 unitless transSampleSNR

SNR threshold at which the above are evaluated

- . . . 95 percent transPurityMin
Minimum average purity for transient science

.- . 90 percent transCompleteness
Minimum average completeness for transiectence Min

3.1.5.2.1.7.8 Difference Source Spuriousness ThreshdliOPS
ID: OSSREQD354

Specification: There shall exist a spuriousness threshdltbr which the completeness and purity of
difference sources are higher thamopsCompleteessMinand mopsPurityMin respectively, at the SNR
detection thresholdorbitObservationThreshold This requirement is intended to be interpreted as an
average for any one month of observing.

DiscussionThis specification captures representative completenand purity rates needed to enable
successful identification and linking of observed Solar System objects. In particular, the need to have a
Solar System object repeatedly detectedbitObservation times in orbitObservationinterval days
strongly preferdigh completeness, even at the expense of purity.

This specification will be tested using simulations, by insertion and recovery of artificial sources, and
comparisons to ground truth where known (i.e., asteroids, known variable stars, known variablesguasa

etc.).
Description Value Unit Name
. 99 ercent mopsCompleteness
Minimum average completeness for Solar System ok P P Mi'?]
discovery
50 percent mopsPurityMin

Minimum average purity for Solar System object discover
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3.1.5.3 Level 2 Data Products

3.1.5.3.1 Level 2 DataProducts
ID: OSSRE®0133

Specificationievel 2 Data Products shall periodically be derived from a processing pass over the complete
data set.

Discussion:The baseline list of Level 2 data products is provided as the composite contents of this
requirement

The conceptual design description of the delivered data products is defined ih6BSBata Products
Definition Document.

3.1.5.3.1.1 Level 2 Data Product Availability
ID: OSSREQ®@0134

Specification:All Level 2 Data Products shall be made public as part of aFaease, with releases
coming at least once every tini2RT1 and as soon as possible following the completion of data release
processing as is consistent with verifying the applicable data quality requirements.

DiscussionData Release processing will baiated more frequently during the first year of the survey.

3.1.5.3.1.2 Uniformly calibrated and processed versions of Level 1 Data Products
ID:OSSREQD135

Specification:ln association with the production of the Level 2 Data Products, a data release shall also
include uniformly processed and calibrated versions of all the Level 1 Data Products.

3.1.5.3.1.3 Ccadded Exposures
ID: OSSREQ@0136

SpecificationThe Level 2 Data Products shall include the following types-aflded Exposures, covering
the full exposed area of #hsurvey:

1 Template ceadds for creating Difference Exposures, per filter band

9 Detection ceadds for object detection, optimized for the faintest limiting magnitude; may be
both multi-band and singkband

1 Multi-band (RGB) eadds for visualization and EPO

3.1.5.3.1.4 Catalogs (Level 2)
ID: OSSREQ@0137

Specification:The Level 2 Data Products shall include the following catalogs, created,auniformly,
during the poduction of each Data Release:

1 Object

The contents of this document are subject to configition control and may not be changed, altered, or their provisions
waived without prior approval.

51



[S557

= | ARGE SYNOPTIC SURVEY TELESCOPE

Observatory System Specifications (OSS) LSE30 (rel15.0) Latest Revision 27 November 2018

1 Solar System Object
1 Source
i Forced Source

In addition, the Expose catalog shall be updated with the latest derived metadata, such as WCS and PSF.

3.1.5.3.1.5 Release Independence
ID:OSSREQD138

Specification:Each Data Release shall consist of a complete reprocessing of the entire LSST data set on a
uniform footing, and shalhot require access to the data products of any previous Data Release to
interpret.

DiscussionThis does not prevent some results of one Data Release from being used as a seed for an
iterative refinement of some calibration or reference catalog. It deegire that any data so used, e.g.,

from Data Release-ll, be incorporated by value as part of the contents of Data Release N.

3.1.5.3.2 Level 2 Data Product Quality

The requirements in this area specify the scientific performance required of the LSST Level 2 data
products. These are driven by the needs of the science missions in the LSST SRD.

3.1.5.3.2.1 Level 2 Catalog Accuracy

ID: OSSREQ@0162

Specification:DM processing shall result in products with photometric accuracy and precision consistent
with OSSREQ0275. DM procesing shall contribute no more than an RMS errodmil_2AstroErto point
source astrometric errors in Level 2 data products.

Discussion:The verification method for this requirement will be comparison with simulated inputs.

Description Value Unit Name

. I . 0.05 arcsecond dmL2AstroErr
Maximum contribution from DM to Level 2 point sour

astrometric errors

3.1.5.3.2.2 World Coordinate System Accuracy
ID: OSSREQ@0153

Specification WCS inaccuracies, including any refinements due to astrometric calibration, in processed
images shall contribute no more tharcsAbsoluteErroto the PSF FWHM of template and deep detection

coadds.
Description Value Unit Name

. I . 0.1 milliarcsec  wcsAbsoluteError
Maximum contribution from WCS inaccuracy to the | ond

FWHM in template and deep detection coadds
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3.1.5.3.2.3 Level 2 Sourc®bject Association Quality
ID: OSSREQ®0339

Specification:The Level 2 soureebject association quality requirements are the same as at Level 1; see
OSSREQ®0160.

3.1.5.3.2.4 Coaddition for Deep Detection
ID: OSSREQ@0157

Specification False detections on the deep detection coadds caused by unremoved artifacts from moving
objects, transient objects, and other instrumental artifacts (e.g. glints) shall be no more than
falseDeepDetectfraction of all detections on those coadds. This #pmstion will be tested using
simulations under realistic survey conditions encountered in Commissioning.

DiscussionThe scientific rationale for this requirement is that statistical studies of real objects (galaxies,
stars) are not overwhelmed by falgietections. 0.1% is a reasonable number that achieves this. This is
also a reasonable upper limit based on experience with existing surveys.

Description Value Unit Name

. . . 0.1% ercent falseDeepDetect
Fraction of all detections on deep detection coadds cause ° P P

unremoved artifacts

3.1.5.3.2.5 Coaddition for Templates for Subtraction
ID: OSSREQ@0158

Specification Subtraction templates shall contribute no more than a fractemplateNoiseLevelY 1o

the noise of the difference images in year 1 of the survey tmaplateNoiseLevelY20 the noise in
subsequent years of the survey. (The variance of the difference image shall be no more than 1 +
templateNoiseLevelYfimes the variance of the single visit image.)

Discussion:Note that this requirement imposes a constraon the scheduler to obtain some minimum
number of exposures of each part of the sky in order for it to be met. The time variation in this requirement
reflects the fact that the firsyear templates may not have as many epochs available as subsequent years

Description Value Unit Name

. .. . . L 40 ercent templateNoiseLevel
Maximum permissible fraction of the noise level in differel P P Y1
images contributed by the subtraction template in Year 1

. .. . . . . 20 ercent templateNoiselLevel
Maximum permissible fraction of the noise level in differel P P V2
images cotributed by the subtraction template in Year 2 a
following

3.1.5.3.2.6 Deep Detection and Measurement Quality
ID:OSSREQD161
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Specification:The deep detection and measurement shall meet the implied requirements from the SRD
on cadded depth, assuming the nominal survey conditions.

For a galaxy with elliptical isophots and Sersic radial profile with ratlip estRadiusand Sersic index
ellipTestSersicindexhe ellipse parameters shall be measured to an accuglipAccuracyifor galaxies
detected on the coadd at a sigA@l-noiseellipTestSNRlandellipAccuracyZor galaxies detected on the
coadd at a signab-noiseellipTestSNR2

Discussion: While the detection will be performed on fullepth coadds, the measurement may use
technigues such as multifit, that perform measurements using individual epoch data. The verification
method for this requirement will be comparison with simulated inputs.

Description Value Unit Name
i ; ercent ellipAccuracyl
Maximum RMS error on ellipse parameters measured f P P Y
galaxy of magnitudellipTestSNR1
.01 percent ellipAccuracy2

Maximum RMS error on ellipse parameters measured f
galaxy of magnitudellipTestSNR2

. - . arcsecond  ellipTestRadius
Galaxy radius definition for the ellipse parameter accuracy

. __— . float ellipTestSersiclndex
Galaxy Sersic index definition for the ellipse param P

accuracy test

. 10 integer ellipTestSNR1
Reference SNR #1 for ellipse parameter accuracy test ¢ P

. 1000 integer ellipTestSNR2
Reference SNR #2 for ellipse parameter accuracy test g P

3.1.5.3.2.7 Object Deblending

ID: OSSREQ0155

Specification:The Observatory shall be capable of measuring properties of overlapping (blended) objects.
Any degradation of accuracy and precision in measurement of blended objects sballibbged by the
need to satisfy LSREQ0043 through LSREQ0046.

DiscussionThis requirement will give rise to a deblender software component, or an algorithm to perform
simultaneous measurements of blended objects. While it is extremely difficult te wuaantitative yet
all-encompassing and actionable requirements on the deblender, it is understood that it is primarily an
enabling component to perform measurements and statistical studies involving those measurements.
Therefore, its performance will bevaluated by assessing the efficacy of measurements that employ it,
and studies that depend on those measurements (e.g., in the context of weak lensing).

3.1.5.3.2.8 Level 2 Moving Object Quality
ID: OSSRE®0340

Specification:The Level 2 moving object quality reqements are the same as at Level 1; see-REQ

The contents of this document are subject to configition control and may not be changed, altered, or their provisions
waived without prior approval.

54



[S557

= | ARGE SYNOPTIC SURVEY TELESCOPE

Observatory System Specifications (OSS) LSE30 (rel15.0) Latest Revision 27 November 2018

0159.

3.1.5.3.2.9 Catalog Completeness and Reliability
ID: OSSREQD164

Specification The object catalog completeness and reliability shall be determined by the data
management system for a variety of astrophysicakoty to be specified by the LSST Project Science Team
by the start of science validation activities at the end of commissioning.

Discussion:Obijects that will be evaluated for completeness in the catalogs will include at least stars of a
range of colorssmall galaxies on both the rednd bluesequence at a range of redshifts, and supernovae
at a range of redshifts, and will be reported as a function of magnitude.

Further, provisions will be made to determine completeness and reliability of more spedialbject
types through injection of synthetic objects into the DM pipelines during the Data Release processing (ie.
not part of the live data stream).

3.1.5.4 Level 3 Data Products

3.1.5.4.1 Level 3 Data Products
ID: OSSREQ®0139

Specification: The LSST Observatory Bisapport Level 3 Data Products that are the result of processing
based on Level 1 and Level 2 Data Products, of a nature specified by users (by the provision of code and/or
processing configuration data).

Discussion:This is flowed down from LSFEQO041.

The conceptual design description of the delivered data products is defined ih6B3SEata Products
Definition Document.

3.1.5.4.1.1 Production
ID: OSSREQ®0140

Specification:It shall be possible to create Level 3 Data Products either using external or in(featal
Access Center) resources, provided they meet certain requirements. LSST shall provide a set of
specifications and a software toolkit to facilitate this.

Level 3 Data Products may consist of new catalogs, additional data to be federated witlgeodasdilogs,
or image data.

3.1.5.4.1.2 Storage
ID: OSSRE®@0141

Specification:The LSST Data Management system shall provide for the archiving of Level 3 Data Products
that meet projectspecified requirements.
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3.1.5.4.1.3 Access
ID: OSSREQ0142

Specification:Archived LeveB Data Products shall be capable of being federated with and analyzed in
conjunction with Level 1, Level 2, and other Level 3 Data Products. The LSST project shall support access
controls for Level 3 Data Products that allow them to be restricted to Bpéadividuals or groups as well

as released for public access.

3.1.5.4.1.4 Resource Allocation

ID: OSSREQ@0143

Specification:The LSST project shall define a resource allocation policy and mechanism for arbitrating
among the calls on Level 3 Data Product productarchiving, and analysis resources.

3.1.5.5 Internal Data Products

3.1.5.5.1 WCS Reporting
ID: OSSREQ0146

Specification:The LSST data management system shall make available to other Observatory systems a
WCS solution for each exposure. The WCS is a computationdtonapixel coordinates to sky (ra, dec)
coordinates, and will have an RMS error of no more theessReportingPrecisiorwithin a time
wcsReportingLatencef the completion of data readout for a standard visit.

Discussion:This is in addition to the archiygnof the WCS solution as part of the metadata for each
processed exposure. The purpose of this report is for the monitoring and potential recalculation of the
accuracy of the mount model. The WCS reporting will be done with using the OCS publish/subscrib
mechanism used for other observatory telemetry reporting.

Description Value Unit Name
. . . .. 60 second wcsReportingLatenc
Maximum time for the reporting of telemetry data containi y

WCS solutions from the completion of the readout of the ¢
for a standard visit

. . . 0.2 arcsecond wcsReportingPrecisi
Maximum RMS uncertainty on the comparison of obser root mean on

and reference star positions from the retshe WCS reportin square

3.1.5.5.2 Science Data Quality Analysis
ID: OSSRE®@0145

Specification: The facilitiesand software of LSST Observatory shall be designed and built so that Data
Quality Analysis during operations is supported.

Discussionor example, a DQA group should be able to monitor metrics and undertake data explorations
of outliers. Automated seahes and monitoring of known issues (example: known systematics) during
pipeline processing could provide alerts to the operator and DQA group.
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3.1.5.6 Data Properties

3.1.5.6.1 Single Image Data Properties
ID: OSSRER0386

Specification: The LSST shall meet the follogrirequirements for a single standard visit (defined by
nVisitExpandvisitExpTimé performance:

1) Photometric Performance; and
2) Astrometric Performance.

DiscussionThe SRD defines a "single image" as the coaddition of the two exposures in a stasilard vi
(see SRD sections 3.2 and 3.3.2).

Description Value Unit Name
- . - 2 integer nVisitExp
The number of exposuresVisitExp in a standard visit she
be
15 second visitExpTime

The exposure timeyisitExpTime for single images in
standard visit shall be

3.1.5.6.1.1 Photometric Performance
ID: OSSREQ®0387

Specification:The photometric quality of images from a single visit shall meet the specifications listed in
the table photometricPerformance below:

DiscussionThe specifications for photometric repeatabili§Al, PA2and PF1, applies to the cataloged
LSST magnitudes, mstd(catalog) (see SRD eq. 8), for appropriately chosen main sequence stars (e.g. non
variable stars coleselected from the main stellar locus).

Description Value Unit Name
. - . 7.5 millimagnit PAluz
The RMS photometricepeatability of bright norsaturated udeg Y
unresolved point sources in the z, andy filters.
. . . 15 t SensorFraction
The maximum allowable fraction of sensors widlixFrac percen
scientifically unusable pixels.
. . . . 10 ercent PF1
The maximum fractionfdasolated norsaturated point sourct P
measurements exceeding the outlier limit.
. 10 millimagnit PA5u
Accuracy of absolute bari-band color zerepoint for colors udeg
constructed using the-band.
. . . . 15 millimagnit PA2gri
Repeatability outlier limit for isolated rlght nonsaturated udeg 9
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Description Value Unit Name
point sources in the, r, andi filters.

. . 10 millimagnit PAG6
Accuracy of the transformation of the internal LS udeg
photometry to a physical scale (e.g. AB magnitudes).
. . . . - 20 millimagnit PA3u
RMS width of internal photometric zefqmoint (precision o udeg
system uniformity across the sky) in théand.

. N . 3 sigma Xtalk
The maximum local significance integrated over the PS 9
imperfect crosstalk corrections.

. . o . . 22.5  millimagnit PA2uz
Repeatability outlier limit for isolated bright nesgturated udeg Y
point sources in thel, z, andy filters.

. . - 2 unitless ResSource
Maximum RMS of the ratio of the error in integrated f
measurement between bright, isolated, resolved sources
than 10 arcsec in diameter and bright, isolated unresol
point sources.

. - . 5 millimagnit PAlgri

The RMS photometric repeatability of bright neaturated ! Iudeg ! J
unresolved point sources in thggr, andi filters.

. . 10 ercent PF2
Fraction of zeropoint errors that can exceed the zero p P
error outlier limit.

. . . S 1 t PixFrac
The maximum fraction of pixels scientifically unusable PEIEEn
sensor out of the total allowable fraction of sensors meet
this performance.

. . .. . 1 ercent SBPrec
The maximum error in the precision of the sky brightn P
determination.

. . . . . 10 millimagnit PA3
RMS width of internal photometric zefqmoint (precision o udeg
system uniformity across the sky) for all bands excepand.

. . 1 ercent GhostAF
Percentage of image area that can have ghosts with sul P
brightness gradient amplitude of more thal/3 of the sky
noise over 1 arcsec.
. 5 millimagnit PA5

Accuracy of absolute bargd-band color zeregpoint for all ! Iudeg !

colors constructed from any filter pair, excluding théand.
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3.1.5.6.1.2 Astrometric Performance
ID: OSSREQR0388

Specifiation: The astrometric quality of images from a single visit shall meet the specifications listed in
the table below.

Description Value Unit Name
. . . 10 milliarcsec AM2
Median relative astrometric measurement error on ond
arcminute scales.
. . . . 10 ercent AF1
The maximum fretion of relative astrometric measuremen P
on 5 arcminute scales to exceed 5 arcminute outlier limit.
. . . 10 milliarcsec AM1
Median relative astrometric measurement error on ond
arcminute scales shall be less thal 1.
. . .. . 50 arcsecond AAl
Median error in absaite position for each axis, RA and D
shall be less thaAAl
. L 20 milliarcsec AD2
20 arcminute outlier limit. ond
. . . . 20 milliarcsec AB2
The color difference outlier limit for separations measu ond
relative the rband filter in any other filter.
. o 20 milliarcsec AD1
5 arcminute outlier limit. ond
. . . 15 milliarcsec AM3
Median relative astrometric measurement error on 2 ond
arcminute scales.
. s 30 milliarcsec AD3
200 arcminute outlier limit. ond
. . . . 10 ercent AF2
The maximum fraction of relative astrometriceasurements P
on 20 arcminute scales to exceed 20 arcminute outlier lim
. . . 10 ercent ABF1
Fraction of separations measured relative to thband that P
can exceed the color difference outlier limit.
. . . 10 milliarcsec AB1
RMS difference between separations meaglin the rband ond
and those measured in any other filter.
10 percent AF3

Fraction of relative astrometric measurements on
arcminute scales to exceed 200 arcminute outlier limit.
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3.1.5.6.2 Full Survey Data Properties
ID: OSSREQ®0389

Specification:integrated over all survey observations made over a 10 year period the LSST shall meet all
specifications fooverallEllipticityCorrelations

3.1.5.6.2.1 Ellipticity Correlations
ID: OSSREQ®0390

Specification:Using the full survey data, tHeland E2 (see SRD for definitions) distributions averaged
over an arbitrary FOV shall have medians less Tatfor theta ~ 1 arcmin, and less thaf3for theta <

5 arcmin. No more thafER% of images shall have these mediansEband E2larger thanTEZor theta

~ 1 arcmin, or larger thahE4for theta < 5 arcmin.

DiscussionThe requirements specified here require the full survey data set to exist before they can be
met. Thus these are intended to ensure that the LSST system design enables that theserremjigican

be met after the 16year survey. Prior to survey start, they will be verified to the extent possible using
simulations incorporating the asuilt telescope and camera performance characteristics.

Description Value Unit Name

. . o . 1.0e-7 arcminuteS TE2
Median residual PSé&llipticity correlations averaged over eparationC

arbitrary field of view for separations less than 5 arcmin < orrelation
be no greater tharTE2.

. s . . 15 ercent TEF
The fraction of PSF ellipticity correlation residuals that P
exceed the outliefimits on 1 and 5 arcminutes scales, ovel
arbitrary field, of view shall be no more than
L . . . 2.0e-7 arcminute TE4
The ou_tller limit on the PSF ellipticity correlation residuals outlierLimit
5 arcminute scales shall be no more the®4.
. . C . 2.0e-5 arcminuteS TE1l
Median residual PSF ellipticity correlations averaged ove eparationC

arbitrary field of view for separations less than 1 arcmin < orrelation
be no greater tharTE1.

S o . . 4.0e-5 arcminute TE3
The outlier limit on the PSF ellipticity correlation residuan OutlierLimit

1 arcminute scales shall be no more thEB3.

3.1.6 Data Archiving

3.1.6.1 Data Archiving
ID: OSSREQ@0167

Specification:The LSST project shall create and manage an archive of all its public data products and the
raw data necesary to reproduce them. In addition, the archive shall contain all necessary engineering
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and calibration data for the full understanding of the performance and operation of the Observatory.

3.1.6.1.1 Science Sensor Raw Data
ID: OSSREQ0168

Specification:The LSB project shall archive all raw data acquired from the science sensor array during
operation of the Observatory.

3.1.6.1.2 Data Products
ID: OSSREQ®0169

SpecificationThe LSST project shall archive each of its Level 1 and Level 2 data products, or the complete
se of inputs and provenance necessary to reproduce it, for the lifetime of the survey.

DiscussionSome data products are archived, while others, such as calibrated exposures, are intended to
be recreated on demand.

3.1.6.1.3 Calibration Data
ID: OSSREQ®0170

Specifcation: The LSST project shall archive all raw data acquired from the calibhastpamentation
and processes.

3.1.6.1.4 Engineering and Facilities Data
ID:OSSREQ@0171

Specification:The LSST project shall archive all engineering and facility data requifegtteate the
physical state of the observatory).

Discussion:This is not intended to be a live copy of the EFD, but rather a periodic transfer of a copy of
the live database operating at the Base Facility.

3.1.6.1.5 Provenance Archiving
ID: OSSREQ@0172

Specificion: The LSST project shall archive all processing provenance associated with archived data
products.

3.1.6.1.6 Wavefront Sensor Raw Data
ID:OSSREQ0173

Specification:The LSST project shall archive all raw data acquired from the wavefront sensing system
duringoperation of the Observatory.

3.1.6.1.7 Data Archive Lifetime
ID: OSSREQ0174

Specification:The LSST data archive design shall facilitate the maintenance of the archive beyond the
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lifetime of the survey.

DiscussionThe project recognizes that there will be gréatgterm interest in the availability of its data
set.

Planning for londerm data curation should be guided by funding agency policies and requirements. This
is an active area of research and policy development at present, which LSST should fdtlewlesign
and construction process continues.

This requirement does not commit the project to fund the operations costs of the archive beyond the
lifetime of the survey. The intent here is to facilitate an orderly transition.

3.1.6.1.8 Redundant Backup of Archive
ID: OSSREQ0175

Specification:The LSST project shall ensure that a redundant and physicadlyasegopy is maintained
of the

1. raw science data;
2. raw calibration data;

3. the full engineering and facility data required to make use of the science and calibratv data
above; and

4. all science data products or the data necessary to reproduce them.

DiscussionThis requirement goes beyond merely using the appropriate engineering required to meet the
archive reliability requirements. It requires a backup tret be used for disaster recovery. The intent is
that this redundant copy will be maintained at the Base Facility. It does not have to have the access
performance required of the "live" copy.

3.1.7 Data Access

3.1.7.1 Data Access
ID: OSSREQ0176

Specification: TheLSST Data Management System shall provide open access to all LSST Level 1 and Level
2 Data Products, as defined in the LSST System Requirements and herein, in accordance with LSSTC Board
approved policies. The LSST project shall make available-sopece software for querying and
processing the data products and for generating Level 3 Data Products, and limited computing and storage
resources for performing such analyses and productions.

3.1.7.1.1 Data Access Environment
ID:OSSREQD177

Specification:The LSST sharovide an opersource environment for access to its public data products,
including images and catalogs.

Discussionit is expected that this software will be written to be compatible with common varieties of
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Linux, and perhaps other widely availableixJdike operating systems.
See also the "Software Development Standards" requirement elsewhere in this document.

Itis a design goal of the LSST Data Management software that it be portable within the family-lddJnix
operating systems. It is also aajto separate, as much as possible, the parts of the code that implement
substantive image processing and astronomical algorithms from the parts with platform dependencies.
3.1.7.1.2 Data Distribution

ID: OSSREQ@0178

Specification:The LSST project shall faaiié the distribution of its data products in bulk to other sites
and institutions willing to host it, in accordance with LSSTC Board approved policies for data release.

DiscussionThis does not require the LSST project to absorb the marginal costs adttiad distribution,

e.g., the provision of increased network bandwidth between the Archive Center and the external
consumer.

3.1.7.1.3 Data Products Processing Infrastructure

ID: OSSREQ@0179

Specification:The Data Management System shall provide at least aidrmaserComputingFractiomf
its total capability for usededicated processing and uséedicated storage, including for the generation
of Level 3 data products.

DiscussionThis allocation does not include the resources needed to support the expecttdfioaeries
against the catalog database.

3.1.7.1.4 Data Products Query and Download Availability
ID: OSSREQ0180

SpecificationThe data product query and download system at each Data Access Center shall be available
to end users a fractiodpAvailabilityFractian of the time, averaged over a year. Individual outages shall
be no longer thampAvailabilityOutageworking days.

These include both scheduled and unscheduled downtime.

Description Value Unit Name
.. . . } 98 ercent dpAvailabilityFractio
Minimum fraction of the time that data products are aldile P P n Y

for query and/or download, including scheduled &
unscheduled downtime.

. . . da dpAvailabilityOutage
Maximum duration of a single outage of data product acc y P youag

in working days.

3.1.7.1.5 Data Products Query and Downloachfrastructure
ID: OSSRE@0181
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Specification: The LSST project shall provide processing, storage, and network resources for general
community query and download access to LSST data products.

DiscussionThe resources to be provided will be based on a gimodel using representative queries
derived from the key science goals of LSST.

3.1.7.1.6 Transient Alert Query

ID: OSSRE@0185

Specification:All published transient alerts, as well as all reprocessed historical alerts generated as part
of a Data Release, shia# available for query.

Discussion:This allows users to perform statistical analyses on alerts, which are of interest both for
actually published, redime alerts, e.g., for assessment of the quality of the #t@ak alert analysis, and

for uniformly repocessed alerts in Data Releases, e.g., for optimally calibrated studies of the statistics of
actual astrophysical transients.

3.1.7.1.7 Transient Alert Publication
ID: OSSREQ®0184

Specification: Transient alerts shall be published to community alert distributimgtworks using
community-standard protocols, to be determined during the LSST construction phase as community
standards evolve.

DiscussionThe intent is to use a community standard like VOEvent, assuming that the standard as of the
time of LSST constructi meets the project's requirements.

3.1.7.1.8 Information Security
ID: OSSREQD187

Specification: The LSST project shall ensure that Personally Identifiable Information (PIl) and other
sensitive data relating to individuals or business relationships are protécedunauthorized disclosure,
as required by law and applicable standards.

DiscussionData of this nature is not expected to be part of the science data set, but could arise in the
engineering and facilities data collected as part of Observatory op@s{e.g., information associated

with the operations personnel). PII may also be associated with the resource management in Data Access
Centers (e.g. names, addresses, etc. for researchers producing Level 3 data products).

3.1.7.1.9 Access to Previous Data Releas
ID: OSSRE®0186

Specification The LSST Project shall provide data access services for the current Level 1 data, the most
recentnDRMinData Releases, and multiple older Data Releases.

Description Value Unit Name
Minimum number of recent data releases 2 integer nDRMin

The contents of this document are subject to configition control and may not be changed, altered, or their provisions
waived without prior approval.

64



[S557

= | ARGE SYNOPTIC SURVEY TELESCOPE

Observatory System Specifications (OSS) LSE30 (rel15.0) Latest Revision 27 November 2018

3.1.7.1.10 Data Access Services
ID: OSSREQR0396

Srecification: The data access services shall be designed to permit, and their software implementation
shall support, the service of at leas#DRTotData Releases accumulated over the (find theual survey
length parameterksurveyYears/ear planned survey.

Discussionlt is an operation®ra decision to choose the actual number of releases to be served, and to
allocate hardware resources accordingly. The requirement is that the system delatdhedclose of the
MREFC construction period be capable of handling ten years of releases if the operations project chooses
to allocate adequate hardware resources.

Description Value Unit Name
Length of the survey in years 10 integer surveyYears
Total number of data releases over the survey 11 integer nDRTot

3.1.7.1.11 Operations Subsets

ID: OSSREQR0398

Specification The data access services shall be designed to permit the service of opecsggsated
dadzoasSia 2F GKS TFTdzZt OSHaSNBFESRNRBERBEA2ARSNY 6 G wSH
DiscussionThis requirement, and the following one, are intended to give the operations project flexibility

in, for example, serving only catalogs, and not images, from older releases.

3.1.7.1.12 Subsets Support

ID: OSSRE®R0400

Speification: The data access services shall be designed to support the service of opedatsnsated
ddzoaSida 2F (GKS O02ydSyid 2F GKS a2f RBEQIBGfiorh highSt S|
latency media.

QX
0p)

Discussioff ¢ KAa YSIyd | AKEG20KRIah22 0O0Saa aSNWPAOSE aKk:
instance, allow users to understand that certain queries (e.g., for data on tape) may take much longer

than for current data releases, and to monitor the status of such queries.

3.1.7.1.13 Access Servies Performance

ID: OSSREQR0394

Specification The data access services for the most receDRMin Data Releases shall meet the
performance requirements set forth in O8&EQ@0180 and OSBEQR0181.

Description Value Unit Name
Minimum number of recent data releases 2 integer nDRMin
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3.1.7.1.14 Implementation Provisions
ID: OSSRER0399

Specification Nothing in the design and software implementation of the data access services shall prevent
the performance requirements set forth in OBEQ0180 and OSBREQ®0181 flom being met for the

G2t RSNJ 51 GF wSt SI-REQEE6, shifedt & Kbl @ dvisiah df suffifienhcpriputing and
storage resources in the operations era.

Discussionlt is left to the operations project to set standards for the performance lderaeleases, but

they should not be limited by design choices made in the construction era. That is, the system must be
scalable to handle fupperformance service of all Data Releases, should the operations project so choose.
This situation does notrse until, at the release of Data ReleasBRMint1), the operations project must
decide on the level of service to be provided for Data Release 1.

This requirement may be verified by analysis, e.g., by expert review of the design of the data access
servies, as it is recognized that it may be very difficult to perform live performance measurements
relevant to the scalability of the data access services across a decade.

While the system is required to be scalable to full performance, it is likely thatdavptimal allocation
of limited operationsera resources, performance parameters such as the number of concurrently running
gueries or image requests may be reduced for products from older data releases.

Description Value Unit Name
Minimum number of recent data releases 2 integer nDRMin

3.1.7.1.15Evolution

ID: OSSREQ®0395

Specification The data access services shall be designed to accommodate evolution of the LSST data
model from Data Release to Data Release.

3.1.7.1.16 Older Release Behavior

ID: OSSREQD397

Specificion: Apart from the flexibility provided by requirements GSB@0398, OSRE®0400, OSS
REQ0399, and OSREQ1o pp > G KS ljdzt t AGFGA DS O0SKIFGA2NI 2F (KS
wSt SIasSaé¢ REPASE shAl mategh thatfof the mosteentnDRMinData Releases.

Discussion Essentially, the data access services should present the same APIs and user interfaces for all
Data Releases except where a difference is required by a change in the data model or, e.g., by changes in
Ul that may beequired to provide an acceptable interface for higlbency data service.

Description Value Unit Name

Minimum number of recent data releases 2 integer nDRMin

3.1.7.1.17 Query Availability
ID: OSSRE@R0401
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Goal A query (e.g., in ADQL) written against a particDiata Release SHOULD continue to be executable
against the original Data Release for as long as it is available in the system, with few, if any, modifications.

Discussioff ¢ KA A& A& y20 | FdzZf dqakKlffé NBIdzA NEYthe/ it 6 SOl
evolution of security models, that do not permit all existing services to be retained unchanged indefinitely.

The construction project should attempt to design interfaces that are resilient to reasonably anticipatable
changes, and the operationsgject should attempt to preserve backwards compatibility where feasible.

Note that, in comparison, it clearly cannot be guaranteed that queries developed for earlier Data Releases
will be usable unchanged against newer Data Releases (see also requi@BERIEQ0395). Users must
anticipate that the evolution of the LSST pipelines will lead to changes in the Data Release schemas,
though the Project will endeavor to avoid unnecessary changes.
3.2 Optical System
The LSST shall be design and constructed usinfpllowing specifications for:

1. Optical design Prescription

2. Optical Alignment and Compensation
3. Ghost Image Control
4

Stray and Scattered Light Control
3.2.1 Optical Design Specification

3.2.1.1 Optical Design Specification
ID: OSSRE®@0200

Specification: The LSST opét system shall be a Mersei@ehmidt design consisting of an8rror
modified PauBaker telescope and aglement (3 lenses + filter) refractive corrector.

Discussion:The reference optical prescription is given below with details and performance déstirss
document LSH1. The prescription contains parameters to define each surface, thearatons, and
clear apertures

All parameters follow the sign conventions used by the Zemax raytracing software.

3.2.1.1.1 M1 Prescription
ID: OSSRE®R0201

Specification: The surface prescription of the primary mirror (M1) shall be defined by the table of
parametersmlPrescription:

Description Value Unit Name

. . . . -19835.0 millimetre m1Radius
The primary mirror radius of curvature shall ivd Radius

. . . o 1.381e- reciprocal = ml_6thAsphere
The primary mirror surfacéth order aspheric coefficient shi ", miIIirFr)1etre" - P

beml_6thAsphere 5
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Description Value Unit Name

. . . 4180.0 millimetre ml1QOuterCa
The primary mirror outer clear aperture radius shall be at I¢

m1OuterCa.

. . . . 2558.0 millimetre mlinnerCa
The primary mirror inner clear aperture raditshall be nc
more than mlinnerCa.

3.2.1.1.2 M2 Prescription
ID: OSSREQR0202

Specification: The surface prescription of the secondary mirror (M2) shall be defined by the table of
parametersm2Prescription:

Description Value Unit Name
. . . -1.274e- reciprocal = m2_6thAsphere
The secondary mirror surface 6th order aspheric coeffic =5 millir?netre’\ - P
shall bem2_6thAsphere. 5
-6788.0 millimetre m2Radius

The secondary mirror surface radius of curvature shal
m2Radius.

. . . . -9.680e- reciprocal = m2_8thAsphere
The secondg mirror surface 8th order aspheric coefficie ~5g P - P

millimetre”
shall bem2_8thAsphere. 7
. . 1710.0 millimetre m20uterCa
The secondary mirror (m2) outer clear aperture radius sha
m20uterCa.
900.0 millimetre m2lnnerCa

The secondary mirror (m2)ner clear aperture radius shall |
m2innerCa

3.2.1.1.3 M3 Prescription
ID: OSSREQ®0203

Specification: The surface prescription of the tertiary mirror (M3) shall be defined by the table of
parametersm3Prescription:

Description Value Unit Name
. . . . -4.500e- reciprocal = m3_6thAsphere
The tertiary mirror surface 6th order aspheric coefficients "5, miIIirFr)1etre" - P
be m3_6thAsphere. 5
-8344.5 millimetre m3Radius

The tertiary mirror surface radius of curvature shall
m3Radius.

. . . o -8.150e- reciprocal =~ m3_8thAsphere
The tetiary mirror surface 8th order aspheric coefficient st 5, millimetren

7
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Description Value Unit Name
be m3_8thAsphere.

. . . . 550.0 millimetre m3IinnerCa
The tertiary mirror inner clear aperture radius shall be at le
m3innerCa.

. . . 2508.0 millimetre m3QOuterCa
The tertiary mirror aiter clear aperture radius shall be at lei
m3OuterCa.

3.2.1.1.4 Mirror Spacings
ID: OSSREQ@0204

Discussion:The prescription for the separation of the successive mirror surfaces and the next optical
element in the system shdle defined by the parameters in tabfeirrorSpacings.

Description Value Unit Name

i - illimet m3l1Spacin
The distance from the vertex of M3 to the vertex of the f 55451 573 milimetre pacing

surface of L1 in theband shall ben2l1Spacing

[ - illimet m1m2Spacin
The distance from the véex of M1 to the vertex of M2 she 156 09g pacing

be m1lm2Spacing 6

i ilimet m2m3Spacin
The distance from the vertex of M2 to the vertex of M3 S ga00 000 pacing

be m2m3Spacing 6

3.2.1.1.5 L1 Prescription
ID: OSSREQ0205

Specification: The prescription of the first lens (L1) shall be defined by the table of parameters
I1Prescription:

Description Value Unit Name

. ' . 1550  millimetre I1_s1OuterCa
The clear aperture diameter of the first lens (L1) first sur -

(S1) shall b&l_s1OuterCa

. . . -2824.0 illimet 11 _s1Radi
Theradius of the first surface (s1) of the first lens (I11) shal miimetre —stradis
I1_sl1Radius

illi I1_s20uterC
The clear aperture diameter of the first lens (L1) sec 1523 millimetre —scouerta
surface (S2) shall b& _s20uterCa

. . -5021.00 illimet 11_s2Radius
The radius of the send surface (s2) of the first lens (I1) st mifimetre - .
bell_ s2Radius
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Description Value Unit Name
; . . 82.23  millimetre I1CenThick
The center thickness of the first lens (L1) shalliizenThic
. . Fused unitless [1GlassType
The first lens (L1) shall be fabricated frébGlassType Silica P

3.2.1.1.6 L2 Prescription
ID: OSSREQD206

Specification: The prescription of the second lens (L2) shall be defined by the table of parameters
I2Prescription:

Description Value Unit Name

. 1040.0 millimetre I2_s20uterCa
The clear aperture diameter of the secondhde(L2) secon -

surface (S2) shall b2_s20OuterCa

. 1102.0 illimet I2_s1OuterCa
The clear aperture diameter of the second lens (L2) miimetre -
surface (S!) shall H&8_s1OuterCa

. " 1.656e- reciprocal 12_s2_6thAsphere
The second surface 6th order aspheric coeffitien the =~ ;g P - P

millimetre”
second lens shall H8_s2_6thAsphere. 5
. -1.5700 itl 12_s2Conic
The second surface (s2) conic constant on the second len uniiess -
shall bel2_s2Conic
. : Infinit illimet I2_s1Radius
The radius of the first surface (s1)tbé second lens (12) she niinite: | mifimetre -
bel2_sl1Radius
; . 30.00 illimet I12CenThick
The center thickness of the second lens (L2) shdt®@enThic mifimetre
. Fused itl [2GlassType
The second lens (L2) shall be fabricated fid@lassType Slijlfcz Hnitiess yP
-2529.0 millimetre I2_s2Radius

The radius of the second surface (s2) of the second len
shall bel2_s2Radius

3.2.1.1.7 Filter Prescription
ID: OSSREQ@0207

Specification: The prescription of the filter substrates shall be defined by the talflgparameters
filterPrescription:

Description Value Unit Name

i . . -5623.0 illimet filter_s2Radius i
The radius of the second surface (s2) of tHeamd filter miflimetre - -

substrate shall béilter_s2Radius_i
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Description Value Unit Name

i i : -5632.0 illimet filter_s1Radius
The radius of the first surface (s1) of the filter subtts shal mitimetre =

befilter_s1Radius

- _ illi filter_s2Radi
The radius of the second surface (s2) of thbagd filter S576.0 | millmetre | flter_sZRadlus g
substrate shall béilter_s2Radius_g

- . illi filter_s2Radi
The radius of the second surface (s2) of thbamd flter 5632.0 | milimetre | fiter_s2Radls_2
substrate shall béilter_s2Radius_z

. . 748.0  millimetre filter_s20uterCa
The clear aperture diameter of theband filter substrate: - =

second surface (S2) shall fileer_s2OuterCa_y

. . 737.0 illimet filter_s20uterCa_u
The clear aperture diametenf the uband filter substrate: mifimetre = =
second surface (S2) shall fileer_s2OuterCa_u
. . 13.60 illimet filterThick
The thicknes of the pand filter substrate shall b miimetre Y

filterThick y

Fused unitless filterGlassType
Silica
15.70  millimetre filterThick_i

The third lens (L3) shall be fabricdteom 13GlassType

The thicknes of thelband filter substrate shall biterThick i

. . 745.0 millimetre filter_s2OuterCa_r
The clear aperture diameter of theband filter substrate: - -

second surface (S2) shall fileer_s20OuterCa_r

. . -5606.0 millimetre filter_s2Radius_r
The radius of the second surface (s2) of theand filter N - -

substrate shall béilter_s2Radius_r

. . 14.4 illi filterThick
The thicknes of the -band filter substrate shall b millimetre HerThick.z
filterThick_z

. illi filterThick
The thicknes of the-band filter substrate shall bidterThick_r 17.90 | millimetre rerthiet

. . 21.50 illimet filterThick
The thicknes of the -pand filter substrate shall b miimetre -9
filterThick g

. . 26.60 illimet filterThick
The thicknes of the -+and filter substrate shall b miimetre ' e
filterThick u

. . . 746.0 illimet filter_s2QuterCa_i

The clear aperture diameter of theband filter substrate: miimetre - -
second surface (S2) shall fileer_s2OuterCa_i

. . . 756.0 millimetre filter_s1OuterCa
The clear aperture diameter of thdtéir substrate first surfac -
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Description Value Unit Name
(S1) shall bélterOuterCa

. . -5640.0 illimet filter_s2Radius
The radius of the second surface (s2) of thbapd filter mifimetre - o

substrate shall béilter_s2Radius_y

i . -5530.0 illimet filter s2Radius_u
The radius of the second dace (s2) of the #band filter mifimetre . -

substrate shall béilter_s2Radius_u

. . 747.0  millimetre  filter_s20uterCa_z
The clear aperture diameter of thelmnd filter substrate: - -

second surface (S2) shall fileer_s20uterCa_z

. . 41.0 millimetre filter_s20uterCa
The clear aperture diameter of the-gand filter substrate: - -9

second surface (S2) shall fileer_s2OuterCa_g

3.2.1.1.8 L3 Prescription
ID: OSSREQD208

Specification: The prescription of the third lens (L3) shall be definedtluy table of parameters
I3Prescription:

Description Value Unit Name

. . . 722.0  millimetre I3_s1OuterCa
The clear aperture diameter of the third lens (L3) first surl -

(S1) shall bé8_s1OuterCa

. . 13360.0 illimet I3_s2Radius
The radius of the second surface (s2) of the third lensstia) mifimetre —
bel3_s2Radius
. . . 60.00 illimet I3CenThick
The center thickness of the third lens (L3) shall3&enThic milimetre
. . . -0.9620 itl I3_s1Conic
The first surface (s1) conic constant on the third lens (L3) uniiess —
bel3 sl1Conic
-3169.0 millimetre I3_s1Radius

The radius of the first surface (s1) of the third lens (L3) she
I3_s1Radius

. . 722.0  millimetre I3_s20uterCa
The clear aperture diameter of the third lens (L3) sec -

surface (S2) shall B8_s20OuterCa

Fused unitless I3GlassType

The third &ns (L3) shall be fabricated frdB8GlassType Silica

3.2.1.1.9 Lens Spacings
ID: OSSREQ®0209
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Joecification: The prescription for the separation of the successive lenses in the system shall be defined
by the parameters in the fallving table.

Description Value Unit Name

. -412.642 millimetre I11_I2Spacin
The distance from the vertex of the second surface of L1 t( ! —e>pacing

vertex of the first surface of L2 shall e |2Spacing.

. -54.10 illimet L3 filterSpacing_r
The distance from the vertex of the second surfacéhef r- miimetre - pacing..
band filter substrate to the vertex of the first surface of L3 s
be L3_filterSpacing_r.

. -58.40 illimet L3 filterSpacin
The distance from the vertex of the second surface of th miimetre - pacing.y
band filter substrate to the vertex of the first surfacel.® shal
be L3_filterSpacing_y.

. -28.82 illimet I13_fpaSpacin
The distance from the vertex of the second surface of L3 ¢ miimetre —paspacing
focal plane array (FPA) shalllBefpaSpacing.

. -56. illimet L3_filterSpaci i
The distance from the vertex of theecond surface of the 56.30 | millimetre —erspacing
band filter substrate to the vertex of the first surface of L3 s
be L3_filterSpacing_i.

. -45.40 illimet L3 filterSpacing_u
The distance from the vertex of the second surface of th miimetre - pacing..
band filter substrate to the vertex of &first surface of L3 she
be L3 filterSpacing_u.

. -346.95 illimet 12_filterSpaci
The distance from the vertex of the second surface of L2 tc miimetre —erspacing
vertex of the first surface of the filter substrate shall
L2_filterSpacing.

. -57.60 illimet L3 filterSpacing z
The distance from the vertex of the second surface of th mifimetre - pacing..
band filter substrate to the vertex of the first surface of L3 s
be L3 filterSpacing_z.

. -50.50 illimet L3 filterSpacin
The distance from the vertex of the second surfat¢he g mifimetre | ==- pacing_g
band filter substrate to the vertex of the first surface of L3 s
be L3_filterSpacing_g.

3.2.2 Optical Alignment and Compensation

The LSST optical design has been analyzed for its ability to compensatef®irealignment and optical
fabrication. There are two "one time" compensators in the lens positions that correct for fabrication errors
in radii and conic constants of the mirrors. Additionally there are 10 degrees of freedom between the
secondary mirro and the camera optics for alignment. The specifications below constrain the minimum
range of adjustment for each compensator.
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3.2.2.1 Wavefront Sensing Functions
ID: OSSRE®0217

Specification: The LSST optical system $bhal able to determine the selihiduced wavefront aberrations
caused by misalignment of the secondary mirror and camera along with figure distortions on the surfaces
of the 3 telescope mirrors.

3.2.2.1.1 Wavefront Estimation Range

ID: OSSREQ@0218

Specification: Each wavefront sensor shallgwide sufficient information to be able to reconstruct the
equivalent of up to the first 22 Zernike modes of wavefront error at the telescope pupil.

3.2.2.1.2 Wavefront Sensing on Sky Efficiency
ID: OSSREQ@0219

Specification: The wavefront sensors shall supplata for the estimation of the wavefront over at least
wfsSkyEfficiencyf all visits regardless of visit filter.

Discussion: The fraction of sky coverage is based on the ability to recover the coefficients for Zernikie
polynomials (or equivalent) 2422 using the standard Noll notation.

Description Value Unit Name

.. . .. . 95 ercent wfsSkyEfficienc
The minimum fraction of visits where valid wavefront seng P y Y

data can be obtained.

3.2.2.1.3 Wavefront Sensor FPA Geometry
ID: OSSRE®0220

Specification: For the purpose of determining the optical alignment and mirror surface errors the LSST
optical system shall use 4 wavefront sensors located near the corners of the inscribed square to the 3.5
degree FOV.

3.2.2.1.4 WEFS Data Archiving and Buffering
ID: OSSREQ@0221

Specification: For the purposes of archiving and buffering the wavefront sensor imaging data shall be
treated the same as science image data.

3.2.2.2 Dynamic Alignment and Figure Compensation
ID: OSSRE®0211

Specification: The LSST optical shall dynamjcabmpensate for deflections and deformation caused by
gravity and thermal gradients.

The contents of this document are subject to configition control and may not be changed, altered, or their provisions
waived without prior approval.

74



[S557

= | ARGE SYNOPTIC SURVEY TELESCOPE
Observatory System Specifications (OSS) LSE30 (rel15.0) Latest Revision 27 November 2018

3.2.2.2.1 Secondary M2) Adjustment
ID: OSSRE@0212

Specification: The rigid body position of the secondary mirror shall be adjustable in 5 degrees of freedom
(decenter xy, piston along the optical axis, tityy over a range specified in the table below.

Description Value Unit Name

. . . 10 millimetre x-decenterRangeM2
The range of motion of the secondary on either side o g

nominal design position in thedirection.

. . . . 0.1 degree x-tiltRangeM2
The range of tilt of the secondary on either side of its nom ¢ 9
design position about the-axis.
. . . 10 millimetre y-decenterRangeM2
The range of motion of the secondary on either side o Y g
nominal design position in thegirection.
. . . . 0.1 degree -titRangeM2
The range of tilt of the secondary on either side of its nom g Y g
design position about the-gxis.
10 millimetre z-positionRangeM2

The range of motion of the secondary on either side o
nominal design position in thedirection.

3.2.2.2.2 Camera Adjustment
ID: OSSREQ@0213

Specification: The rigid body position of the camera optical system (3 lenses, filter and focal plane) shall
adjustable in 5 degrees of freedom over a range specified in the table below.

Description Value Unit Name
. . . 10 millimetre X-
The range of motion of the camera on either side of decenterRangeCam
nominal design position in thedirection.
. . . . 0.1 degree x-tiltRangeCam
The range of tilt of the camera on either side of its nom g 9
design position about the-axis.
. . . 10 millimetre -
The range of motion of the camera on either side of decemeréangeCam
nominal design position in thedirection.
. . . . 0.1 degree -tiltRangeCam
The range of tilt of the camera on either side of its nom g Y g
design position about the-gxis.
. . . 10 millimetre z-
The range of motion of the camera on either side of positionRangCcam

nominal design position in thedirection.
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3.2.2.3 Onetime Static Compensation

ID: OSSRE®0214

Specification: The LSST optical system shalbvide for one time compensation for the -hsilt
prescriptions (radii and conic constant) on the three mirror surfaces.

3.2.2.3.1 L3-FPA Spacing

ID: OSSREQ@0216

Specification: The spacing between L3 and the FPA shall be adjustable one time within the fange o
fpaL3Compabout the nominal design spacing-88.5 mm.

Description Value Unit Name

. . . 3.5 millimetre fpaL3Com
The minimum adjustment range of the FPA+L3 spacing ¢ N P P

either side of the nominal design spacing as a-bme
compensator.

3.2.2.3.2 L3+FPA toL2 Spacing
ID: OSSREQ®@0215

Specification: The spacing of the FPA+L3 (+ optionally the filter) to L2 shall be adjustable one time over a
range ofl3L2Compabout its nominal design spacing of 346.58 mm.

Discussion: Sensitivity analysis show that thetdil can be optionally allowed to move with the FPA+L3
group when making this adjustment within system performance.

Description Value Unit Name

- . . 5 millimetre I3L2Com
The minimum adjustment range of the 12 spacing abot ” P

either side of the nominal design spacing as a -tme
compensator.

3.2.3 Stray and Scattered Light Control

3.2.3.1 Stray and Scattered Light Control

ID: OSSREQ@0224

Specification:All sources of stray and scattered light shall be minimized by design to the extent that it is
feasible usingtandard practices and surface treatments.

3.2.3.1.1 Ghost Image Control

ID: OSSREQ@0222

Specification: The effects of image ghosts in single visits shall not increase the errors in photometric
repeatability of noavarying sources by more thgmostPhotEriabove the limit set by the calculated noise
(photon statistics and other measured noise sources).
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Specification: No more thanghostGradientArea% of image area in a single visit shall be affected by
ghosts with surface brightness gradients on 1 arcsee soaleeding 1/3 of the sky noise.

Discussion:These requirements limit the impact of ghosting. The first requirement effectively places an
upper limit on the precision of sky brightness determination (~1 % for design specification), which may be
affectedby ghosts. The second requirement is derived from the effects of ghosting on shape systematics
on the scale of faint galaxies.

Description Value Unit Name
. TP 1.0 ercent hostGradientArea
The maximum scientific image area that can be affected P g
arcsec scale ghost gradients exceedirig of the sky noist
shall be no more thaghostGradientArea.
10.0 percent ghostPhotErr

The increase in photometric error over repeat
measurements caused by the effects of image ghosts sha
exceedghostPhotErr

3.2.3.1.1.1 Lens AntiReflection Coating
ID: OSSREQ@0223

Specification:The reflection at any location in the pupil for any field angle in the 3.5 degree field of view
on any transmissive optical surface (not including filters), shall be less lémeiReflectionat all
wavelengths between 300100nm using the-band beam angles of incidence defined in-L$E

Discussion: These specifications constrain the intensity of thereflection ghost images.
The rband beam defined in LSHE has been designated the nomiregam for use in evaluating the lens
reflections. That definition includes the beam angles at both surfaces of each lens.

Description Value Unit Name

. . . ercent lensReflection
The maximum allowable reflection fraction from any I P

surface after AR coating.

3.2.3.1.2 Lunar Stray Light
ID: OSSREQ®0225

Specification: All sources of stray light that contribute more thatmayThresholdrelative to the natural
sky background withitlunarAngleshall be identified and treated to minimize their impact on diffusat

light.
Description Value Unit Name
- . .45 degree lunarAngle
The limiting angle from the moon with respect to the opti
axis where surface contributions to stray light need to
identified.
10 percent strayThreshold

The threshold above which surfaces need to be identified
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Description Value Unit Name
treated for minimization of stray light.

3.2.3.1.3 Optical Baffing
ID: OSSREQ@0226

Specification: The optical system shall be baffled such that there are no direct specular paths to the focal
plane outside the nominal field ofaxv from celestial sources.

3.2.4 Image Quality

3.2.4.1 Image Quality
ID: OSSREQ@0227

Specificaton: LSST image quality (size) is measured by delivered seeing expressed by using the equivalent
Gaussian width (FWHM). The LSST SRD defines the FWHM (effectivethibiigi)an equivalent, axially
symmetric Gaussian shape, resulting in the same effective number of pixels (neff). This definition of
FWHM shall be observed in all performance estimates and compliance evaluations for LSST, at all levels
of performance alloation (error budgeting).

DiscussionThe numerically and conceptually efficient way of estimating the effects of optical aberrations
on the effective FWHM is by using the Normalized Point Source Sensitivity (PSSN) as described in
Documentl7242.

3.2.4.1.1 Sysem Image Quality
ID: OSSREQ®0228

Specification: The delivered image quality of isolated bright unresolved point sources in images from a
single visit shall have the properties specified in the tailegeQuality

Discussion:The design point specifidtere deviates from the SRD design specification due to the conflict
between image quality and charge spreading in thick detectors, needed to achieve the ddsamed and
y-band sensitivities. The adopted base system image quality of 0.4 arcsec FWltMrighe allowed
value set by the SRD minimum specification.

Description Value Unit Name

. . 0.6 itl ImFunc
The system image budget is allowed to degrade through tnitiess
three reference zenith distances (zd) as sec(fufPunc

- . ixel PSFSample
The minimum number of pixe across the FWHM of tt pixe P
delivered PSF under median atmospheric conditions
arcsec FWHM) shall be
10 percent SF1

The maximum fraction of the field of view that can exceed
delivered image size by a factor®X
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Description Value Unit Name
0.76  arcsecond SR1

The maximum rdius of the PSF spatial profile for a fidus
delivered image quality of 0.69 arcsec FWHM containin
percent encircled energy shall be no more tf&#R1

: . . , , 1.17 SR2
The maximum radius of the PSF spatial profile for a fid arcsecond
delivered image gality of 0.69 arcsec FWHM containing
percent encircled energy shall be no more tH&iR2

. . . . . 1.62 d SR3
The maximum radius of the PSF spatial profile for a fid aresecon
delivered image quality of 0.69 arcsec FWHM containin
percent encircled eneggshall be no more thaBR3

. . L 1.1 float SX

Delivered image quality increase factor allowed o\&ifl o2
fraction of the field of view.

. I A FwW Syslm_0
The maximum RSS contribution from the LSST system t 0.40 arc|s_|e|\</:| ysim-
atmospheric seeing referenced at zenith omadrss (sec(zd))
1.

. e 4 FwW Sysim_45
The maximum RSS contribution from the LSST system 0.49 arc?_ﬁ\(/:' ysim-
atmospheric seeing referenced at zenith distance of
degrees or airmass (sec(zd)) = 1.4.

. o 0.60 FW Sysim_60
The maximum RSS contribution frometLSST system to tl arcze,\(,:l ysim—

atmospheric seeing referenced at zenith distance of
degrees or airmass (sec(zd)) = 2.0.

3.2.4.1.2 Image Quality Subsystem Allocations
ID: OSSRE®0229

Specification: The telescope and camera subsystems sisdl the RSS budget allocations defined by
imgBudgetTehndimgBudgetCanin the table below.

Description Value Unit Name
. . 0.30 arcsecFW  imgBugetTCam
The portion of the system image budget allocated to HM 9=He

Camera ismgBudgetCam.

. . 0.25 arcsecFW imgBugetTel
The portion of the syem image budget allocated to tf HM gEue

Telescope ismgBudgetTel.

3.2.4.1.3 Off Zenith Image Degradation
ID: OSSRE®0230
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Specification:The system image quality is allowed to degrade as a function of Zenith Distance (angle) at
the samerate as the atmospheric turbulent seeing. The canonical dependence on zenith distance is given
as sec(zZDfY.

Discussion:The design specification for the image quality requires that, for the median atmospheric
seeing, the system contribution to the dedred image quality never exceeds 15%. This requirement
should be fulfilled irrespective of the airmass, which limits the seeing degradation due to hardware away
from the zenith (e.g. due to gravity load). Assuming that the atmospheric seeing increfisesrmass,

X, as X"0.6 , the design specification for the allowed error budget due to system is 0.52 arcsec at airmass
of 2 and for the median seeing conditions (0.42 arcsec for X=1.4).

3.2.4.1.4 Image Pixel Sampling
ID: OSSREQ@0231

Specification: The imagesamplingshall be pixelSize.

Description Value Unit Name

. . . . . . 10.0  micrometre ixelSize
The maximum physical pixel size needed to achieve critice P

sampling in the reference median seeing conditions.

3.2.5 Image Ellipticity

The image ellipticity performane parameters specified here flow directly from the SRD/LSR without any
further derivation. Monte Carlo analysis of the optical system using the component tolerances derived
from the image quality budget shows that these ellipticity specifications are(seet Documenfi361).

Thus, the ellipticity specifications detailed here are held at the System Level and do not flow down to
either the camera or telescope subsystems.

3.2.5.1 Single Image PSF Ellipticity
ID: OSSREQ@0233

Specification: The Point spread fiction ellipticity of bright isolated unresolved sources in images from a
single rband or iband visit shall have the properties specified in the tatvlageEllipticitybelow.

Discussion:These specifications apply to single isolated unresolved soascdslivered to and recorded
by the LSST imaging system.

Description Value Unit Name
. T 0.07 unitless SE2
The maximum PSF raw ellipticity limit.
. . C . . 2.0e-4 unitless SE3
The maximum residual ellipticity correlation amplitude ove
arcmin scales.
0.04 unitless SE1

The maximunmedian raw PSF ellipticity over the full field
view in a single 15 second exposure for bright isolated-|
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Description Value Unit Name
saturated stars.

. o 5 ercent EF1
The fraction of PSF ellipticity measurements allowed to exi P
the ellipticity outlier limit for bright is@ted nonsaturated
stars.

. . . o . 1.0e-6 unitless SE6
The maximum median residual ellipticity amplitude out
limit on scales between 1 and 5 arcmin.

. . oo . . 5.0e-7 unitless SE4
The maximum residual ellipticity correlation amplitude ove
arcmin scales.

. . . o . 4.0e-4 unitless SE5
The maximum median residual ellipticity amplitude out
limit on scales less than or equal to 1 arcmin.

10 percent EF2

Fraction of allowed PSF measurements of isolated bright
to exceed the ellipticity residual correlation amplitude et
limit.

3.2.5.2 10-year Ellipticity Residuals
ID: OSSRE®0234

Specification:Over the total number of visits in the full set of survey data (or 10 year equivalent stack),
the residual ellipticity correlations of bright isolated point sces in the tband or tband, after correction,
shall have the properties defined in tlwerallEllipticitytable below.

Description Value Unit Name

. . oo . 1.0e-7 arcminuteS TE2
Median residual PSF ellipticity correlations averaged ove eparationC

arbitrary field of view for separationgds than 5 arcmin she orrelation
be no greater tharTE2.

. s . . 15 ercent TF1
The fraction of PSF ellipticity correlation residuals that P
exceed the outlier limits on 1 and 5 arcminutes scales ove
arbitrary field of view shall be no m®thanTF1
T o . . 2.0e-7 arcminute TE4
The outlier limit on the PSF ellipticity correlation residuals OutlieIrLliJmit
5 arcminute scales shall be no more tHEEB4.
. . o . 2.0e-5 arcminuteS TE1
Median residual PSF ellipticity correlations averaged ove eparationC

arbitrary field d view for separations less than 1 arcmin sl orrelation
be no greater tharTE1.
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Description Value Unit Name

4.0e-5 arcminute TE3

The outlier limit on the PSF ellipticity correlation residuals outlierLimit

1 arcminute scales shall be no more thEB3.

3.3 System Throughput

The LSST system throughput shall allow efficient collection of the science data over a wide range of
wavelengths, from near the atmospheric cutoff in the blue to the band gap of silicon in the red.

3.3.1 Filter Response

3.3.1.1 Filter Response
ID: OSSREQ0235

Specification:Evaluation of the filter response shall use the area weighted mean response function as
defined in DocumentL6295 using the-band beam defined in LSH.

DiscussionThe following definitions apply to the filter sponse requirements below

1. The "filter response” function of a given point on the filter substrate refers to the net wavelength
response integrated over the incident optical beam centered at that point that has been
normalized to a unity mean between the*band" wavelength limits as defined for each filter.
The normalized response function can have values greater than unity by no more than
maxFiltRippledue to response wiggles within the-rnd region.

2. The area weighted mean response function (as definddocumentl6295) is used combine the
filter response functions for points on the filter substrate into an average response.

3. The rband beam footprints defined in LK have been designated the nominal beam footprints
for use in evaluating filter perfomance. That footprint definition includes the annulus and beam
angles at both surfaces of each filter. THeand filter annulus is typically within a few percent of
the filter annulus for the other band3he uband second surface is 7% smaller. The entidngle
of the beam varies linearly from the outer edge of the annulus to the inner edge of the annulus.

3.3.1.1.1 Filter Out of Band Constraints
ID: OSSREQ®0237

Specification: 9 OK 2F GKS ¢ RSTFAYSR FAfUSNER Ydzatthet 201 A
specifications in the table below.

Discussion:For leakage that occurs in the wavelength region beyond 1050 the response of 100 micron
thick silicon at100 C can be multiplied against the filter response in the total integrated leak evaluation.

Description Value Unit Name

. 0.01 ercent fLeak_10nm
The average leakage in any 10nm segment between P -

1200nm outsié the wavelength span one FWHibm the
central wavelength shall be no more théireak_10nm.
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Description Value Unit Name

. : . t fleakExcepti
Up tofLeakExceptiof the 10nm intervad 1 FWHM from thi >0 percen eaxExeeption

central wavelength (between 300nm and 1200nm) may
greater thanfLeak 10nnbut no more tharfLeakMax.

. 0.1 ercent fleakMax
The maximum allowed leakage. P

. . 0.03 ercent fLeakTotal
The integrated transmission over all wavelengths esw P

300-1200nm outside the wavelength span between the f
time the filter response goes below 0.1% of the peak the t
leakage shall not exceeddtkakTotal relative to the total
integrated transmission between 300nm and 1200nm.

3.3.1.1.2 Filter Response Uniformity
ID: OSSREQ0238

Specification:The wavelength of the blue and red 50% response points of the response function at any
given point within the filter clear aperture shall not deviate by no more tgamy_filtUniformity and
u_filtUniformity from that of the area weighted mean response function.

Description Value Unit Name

. . . . . 1.5% ercent filtUniformity_griz
The maximum allowed gridyand filter response uniformity. ’ P y_onzy

59 filtUniformit
The maximum allowed-band filter response uniformity. 2.5% percent oMyt
3.3.1.1.3 In-band Ripple
ID: OSSREQ@0239

Specification: The irband filter response function at any given point within the filter clear aperture shall
have peako-valley ripple of no more than +maxFiltRipplerelative to thein-band mean for that
location.

Discussion:The region for measuring ripple is defined by théand limits provided in the specifications
below. The irband limits are allowed to be shifted by the measured shift allowed byRES®238.

Description Value Unit Name
3 percent maxFiltRipple

Allowed filter ripple
3.3.1.1.4 u-band Response Envelope
ID: OSSRE®0240

Specification: The area weighted mean-hand filter response normalized to the-band average (as
measured between_inBandBlueand u_inBandRedl shall lie between the upper and lower envelopes
defined in the tables below:
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Description Value Unit Name

. - . 3355 t u_InBandBlue
The inband blue limit for the tband filter response nanometre -

normalization.

. . . 378.5 nanometre u_InBandRed
The inband red limit for the tband filter response -
normalization.

; 310.5 nanometre  u_lowerBlue(0
The blue side zero response wavelength of tHeand lower - ©)
envelope.

. 334.75 nanometre u_lowerBlue(0.97
The blue side 97% response wavelength of tHeand lower - (0.97)

envelope.

. 403.5 nanometre  u_lowerRed(0
The red side zero response wavelength of thikamd lower - ©
envelope.

; 379.25 nanometre u_lowerRed(0.97
The red side 97% response wavelength of tHeand lower - (0.97)

envelope.

: 305.5 nanometre u_upperBlue(0
The blue side zero response wavelength of tHeaod upper PP ©

envelope.

; 331.25 tre u_upperBlue(1.03
The blue side 103% response wavelength of thend upper nanometre u_upperBlue(1.03)

envelope.

. 408.5 nanometre  u_upperRed(0
The red side zero response wavelength of thieamd upper PP ©)

envelope.

_ Red(1.03
The red side 103% response wavelength of tHend upper 382.75 | nanometre | u_LpperRed(1.03)

envelope.

3.3.1.1.4.1 u-band notto-exceed envelope
ID: OSSRER0366

Specification: Over the wavelength range defined by the upper envelepgcluding the irband range,

30% (by wavelength) of the area weighted averagpand filter response with may lie outside the nominal
upper and lower envelope, but shall lie completely within the minimum and maximum envelopes defined
below.

DiscussionSpecific instances of haompliance to this specification will be evaluated by the project to
assess acceptability.
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o o
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Description Value Unit Name

: 302.5 nanometre u_maxBlue(0
The blue side zero response wavelength of thévand - ©

maximum envelope.

, Blue(1.03
The blue side 103% response wavgth of the uband 328.25 |manometre | u_maxBlue(1.03)

maximum envelope.

i 411.5 i u_maxRed(0
The red side zero response wavelength of theband nanometre | U ©

maximum envelope.

i 385.75 t u_maxRed(1.03
The red side 103% response wavelength of théand nanometre | (1.03)

maximum envelope.

; 313.5 nanometre u_minBlue(0
The blue side zero response wavelength of thévand - ©

minimum envelope.
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Description Value Unit Name

: 334.75 t u_minBlue(0.97
The blue side 97% response wavelength of théand nanametre | 4 (0.97)

minimum envelope.

. 400.5 nanometre u_minRed(0
The red side zero responseavelength of the tband - ©
minimum envelope.
. 379.25 nanometre u_minRed(0.97
The red side 97% response wavelength of thdand - (©.97)

minimum envelope.

3.3.1.1.5 g-band Response Envelope
ID: OSSRE@0241

Specification: The area weightednean gband filter response normalized to the-band average (as
measured betweerg_inBandBlueand g_inBandRed shall lie between the upper and lower envelopes
defined in the tables below:

Description Value Unit Name

. _— . 416.5 nanometre InBandBlue
The inband blue limit for the ¢and filter response 9-

normalization.
. . . 537.0 nanometre InBandRed
The inband red limit for the ¢pand filter response 9-
normalization.
. 391.5 nanometre lowerBlue(0
The blue side zero response wavelength of tHeagd lower - ©
envelope.
. 415.75 nanometre lowerBlue(0.97
The blue side 0.97% response wavelength of thaigd lower o (.97
envelope.
. 562.0 nanometre lowerRed(0
The red side zero response wavelength of tHeagd lower 9- ©)
envelope.
: 537.75 nanometre lowerRed(0.97
The red side 0.97% response wavelengftthe gband lower - (.99
envelope.
. 386.5 nanometre upperBlue(0
The blue side zero response wavelength of tHeagd upper g-upp ©
envelope.
: 412.25 nanometre upperBlue(1.03
The blue side 103% response wavelength of tixaigd upper 9-tikp (1.03)
envelope.
. 567.0 nanometre upperRed(0
The red side zero response wavelength of tReagd upper g-ubp ©
envelope.
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Description Value Unit Name

. 41.2 Red(1.03
The red side 103% response wavelength of theagd upper 541.25 |nanometre | g_upperRed(1.03)

envelope.

3.3.1.1.5.1 g-band notto-exceed envelope
ID: OSSREQ@0367

Specification: Over the wavelength range defined by the upper envelepgcluding the irband range,
30% (by wavelength) of the area weighted averagpand filter response with may lie outside the nominal
upper and lower envelope, bshall lie completely within the minimum and maximum envelopes defined
below.

DiscussionSpecific instances of hon compliance to this specification will be evaluated by the project to
assess acceptability.

o o
o o

Normalized Response
i
F <N

0.0

200 250 500 550
Wavelength(nm)
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Description Value Unit Name

. 383.5 nanometre maxBlue(0
The blue side zeraesponse wavelength of the -lgand 9 N

maximum envelope.

. 409.25 nanometre maxBlue(1.03
The blue side 103% response wavelength of thieagd & (1.03)
maximum envelope.
; 570.0 nanometre maxRed(0
The red side zero response wavelength of thévagd - ©
maximum envelpe.

, Red(1.03
The red side 103% response wavelength of thbagd 544.25 |nanometre | g_maxRed(1.03)

maximum envelope.

. 3945 nanometre minBlue(0
The blue side zero response wavelength of thdagd o ©
minimum envelope.
. 415.75 nanometre minBlue(0.97
The blue side 9% response wavelength of the-bgnd - (©.97)

minimum envelope.

. 559.0 nanometre minRed(0
The red side zero response wavelength of théoagd 9- ©

minimum envelope.

: 7.7 t minRed(0.97
The red side 97% response wavelength of théagd S37.75  |manometre | 0. .99

minimum envelope

3.3.1.1.6 r-band Response Envelope
ID: OSSREQ@0242

Specification: The area weighted meantand filter response normalized to the-band average (as
measured between_inBandBlueand r_inBandRedl shall lie between the uppeand lower envelopes
defined in the tables below:

Description Value Unit Name

[ imi : 567.0 t r_InBandBlue
The inband blue limit for the +band filter respons nanometre | 1-

normalization.

. - . 676.0 nanometre r_InBandRed
The inband red limit for the +band filter response -
normalization.
; 542.0 nanometre  r_lowerBlue(0
The blue side zero response wavelength of thend lower - ©)
envelope.

. 566.25 nanometre r_lowerBlue(0.97

The blue side 97% response wavelength of tiamd lower - 0.99
envelope.
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Description Value Unit Name

. 701.0 nanometre  r_lowerRed(0
The red side zero respomsvavelength of the-band lower - ©

envelope.

: 676.75 nanometre r_lowerRed(0.97
The red side 97% response wavelength of themd lower - 0.7
envelope.

. 537.0 nanometre  r_upperBlue(0
The blue side zero response wavelength of thend upper PP ©)
envelope.

: 562.75 tre r_upperBlue(1.03
The blue side 103% response wavelength of thand upper nanometre  r_upperBlue(1.03)

envelope.

: 706.0 t r_upperRed(0
The red side zero response wavelength of tHeand upper nanometre | T_tpp ©

envelope.

. : Red(1.03
The red side 103% respons@velength of the 4dband upper 680.25 nanometre | r_upperRed(1.03)

envelope.

3.3.1.1.6.1 r-band notto-exceed envelope
ID: OSSREQ®0368

Specification: Over the wavelength range defined by the upper envelepgcluding the irband range,

30% (by wavelength) die area weighted averagetrand filter response with may lie outside the nominal
upper and lower envelope, but shall lie completely within the minimum and maximum envelopes defined
below.
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Description Value Unit Name

: 545.0 nanometre r_minBlue(0
The blue side zero response wémgth of the rband - ©)

minimum envelope.
. 566.25 nanometre r_minBlue(0.97

The blue side 97% response wavelength of thlkamd - ©97)
minimum envelope.

. - 698.0 nanometre r_minRed(0
The red side zero response wavelength of ti@nd minimum - ©
envelope.

. - 676.75 nanometre r_minRed(0.97
The red side 97% response wavelength of thamd minimum B (0.7
envelope.
. 534.0 nanometre r_maxBlue(0
The blue side zero response wavelength of thband - ©
maximum envelope.

The contents of this document are subject to configition control and may not be changed, altered, or their provisions
waived without prior approval.

90





















































































































