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Payload Integration Agreement (PIA) Revision A for the Alpha Magnetic Spectrometer-02 (AMS-02) Payload
This PIA revision supersedes and replaces the previous AMS-02 PIA, SSP-57113, dated March 2006.
This PIA documents the joint management agreement between the International Space Station (ISS) Program and the Johnson Space Center (JSC) Engineering Directorate to manage and execute the integration requirements for ground handling, transportation services, and for on-orbit operations of the AMS-02 payload.  The ISS Program and Space Shuttle Program (SSP) will provide best effort to carry out all agreements with the AMS-02 payload as documented in this PIA.
The AMS-02 experiment is a state-of-the-art high energy physics experiment using numerous detectors and a permanent magnet designed to search for anti-matter, dark matter, and other astrophysical phenomenon.  This unique scientific mission of exploration seeks to understand fundamental issues shared by physics, astrophysics, and cosmology of the origin and structure of the Universe.  The AMS-02 is designed, constructed, tested, and operated by an international collaboration organized under the United States Department of Energy (DOE), in its role of payload sponsor and under an inter-agency implementing arrangement between the DOE and National Aeronautics and Space Administration (NASA).
For transport to ISS the AMS-02 payload requires an SSP Orbiter launch.  The AMS-02 payload consists of an external system and a pressurized system.  The external system is a Unique Support Structure-02 (USS-02) structure employed to support the AMS-02 permanent magnet, its science detectors, and provides the direct interfaces for the AMS-02 in the Orbiter's cargo bay, the robotic grapple fixtures used during transfer and deploying of AMS-02 to International Space Station (ISS) and the external Payload Attach System (PAS) site.  The USS-02 is comprised of the following subassemblies: Upper USS-02 Assembly, Permanent Magnet Assembly, Lower USS-02 Assembly, Keel Assembly, and the PAS/Umbilical Mating Assembly (UMA).  The USS-02 primary structural members consist of extruded tubing with aluminum walls fastened with rivets and bolts.  The permanent magnet system is fastened within the USS-02 utilizing the vacuum case, a double X structure and strut system.
The science determination of whether a particle is anti-matter, or evidence of dark matter, is made possible through the use of a permanent magnetic field that will bend the path of charged particles, thereby indicating whether the particle is anti-matter or matter.  AMS-02 is a complex payload with six (6) science detectors designed for specific types of particle analysis in addition to the payload’s support systems that allow the detectors to perform science collection.  The six (6) science detectors are: (1) Transition Radiation Detector (TRD); (2) Silicon Tracker; (3) Time-of-Flight (TOF) Scintillator Counters; (4) Ring-Imaging Cerenkov Detector (RICH); (5) Electromagnetic Calorimeter (ECAL); and, (6) Anti-Coincidence Counter (ACC). 
The AMS-02 experiment pressurized system is an ISS Digital Data Recording System (DDRS) EXpedite the PRocessing of Experiments to Space Station (EXPRESS) sub-rack payload.  The station AMS-02 ISS DDRS operations strategies are based on a T61p Laptop, dedicated for AMS-02 use which allows increased payload operational flexibility and better protection of AMS-02 data during early on-orbit power-up operations and payload science systems steady state operations.  The ISS crew interface with the AMS-02 ISS DDRS for crew monitoring of payload health status, contingency keystroke commanding, and hard-disk change-out.  The primary controls of AMS-02 (command and telemetry) are from the ground.
For the AMS-02 ISS DDRS volumetric, two (2) middeck locker equivalents (MLE’s) are required for the DDRS interface cabling and communications hardware/kits, DDRS recording media, and as required stowage space for an AMS-02 T61p Laptop computer provided by the NASA/OD Avionics and Software Office and manifested by the NASA/OZ Avionics and Software Office in the ISS Payloads Office allocation.  The AMS-02 Project shall provide the required interface cabling and communications hardware for station operations.
An SSP manifested A31p Laptop with AMS-02 provided interface cabling and communications hardware shall be used as the AMS-02 SSP DDRS to record payload data during on-orbit operations of AMS-02 in the Orbiter.
AMS-02 will generate an average of 6 megabits per second (Mbits/s) of High Rate Data Link (HRDL) data throughout its on-orbit mission life.  AMS-02 has a requirement for downlink of all HRDL data in real-time or near real-time and will be operationally managed between the Payload Operations Integration Center (POIC) and the AMS-02 Payload Operations Control Center (POCC).  The ability to burst up to the desired 40 Mbits/s of AMS-02 telemetry bandwidth within the ISS Ku-band data stream is not guaranteed by this PIA.  Additionally, the AMS-02 ISS DDRS laptop will generate 10 kilobits per second (kbits/s) of playback data on the Medium Rate Data Link (MRDL).  AMS-02 ISS DDRS laptop also has a requirement for the downlink of MRDL data in real-time or near real-time, which is not guaranteed by this PIA.
AMS-02 requires that health and status data be down linked after an extended ISS communications outage greater than 8-hours.  The down link frequency and mode of this AMS-02 health and status data will be determined in real-time based on mission priorities. 
The AMS-02 permanent magnet system will be launched in the Shuttle’s cargo bay utilizing the USS-02 structure for transport to station with direct interfaces in the Orbiter’s payload bay via four longeron trunnions and one keel trunnion.  Electrical interfaces to the AMS-02 from the Orbiter shall be made through a Remotely Operated Electrical Umbilical (ROEU).  The AMS-02 ISS DDRS and SSP DDRS will be flown in the Orbiter’s middeck.  The SSP DDRS will be set-up on Flight Day 1 for use on the Orbiter middeck for AMS-02 Orbiter operations.  The ISS DDRS will be transferred across the hatch to station for AMS-02 ISS operations.  It is highly desired that the ISS DDRS be set-up on for use on station prior to the transfer and installation of the AMS-02 onto the ISS truss.
The AMS-02 external system shall be in compliance with the Standard Payload Integration Agreement (SPIA) for Attached Payloads, SSP 57061-Revison B, and satisfy the integration requirements documented in the Attached Payload Interface Requirements Document, SSP 57003, and associated Payload Interface Revision Notices (PIRN).  The AMS-02 ISS DDRS pressurized system shall be in compliance with the Standard Payload Integration Agreement for ISS Payloads, SSP 57072, and associated PIRNs.  It is the responsibility of AMS-02 Project Office as the Shuttle/ISS Payload Integrator to ensure compatibility of payload physical and functional interfaces with the applicable ISS and launch vehicle interfaces, and compliance with agreements and verification requirements as specified in the AMS-02 Hardware Interface Control Document (ICD).

The joint agreements between the AMS-02 Project Office and the ISS Program are documented in SPIA SSP 57061 and SPIA SSP 57072 (responsibilities, tasks, requirements), this PIA (unique payload agreements), the Payload Data Sets (detailed technical requirements), and the payload unique ICD (interfaces/verification requirements).  The AMS-02 Hardware ICD documents the hardware definition to ensure compatibility with the ISS and the appropriate launch vehicle/carrier and verification activities to satisfy requirements.  The Space Station Payloads manifest, resource allocations, and payload unique requirements are provided in the Increment Definition and Requirements Document (IDRD) Annex 3: Imagery Requirements and Annex 5: Payload Tactical Plan (PTP).

Deviations from SSP 57061-Revison B and SSP 57072 are documented in the following tables.  Unique agreements that have been coordinated between the ISS Program and the AMS-02 Project are noted in the table below.

Deviations from SSP 57061-Rev B and Unique Agreements

	SPIA 57061 Section/

Paragraph Number
	PIA Agreements

	1.0
	Payload hardware provisioning supports the AMS-02 launch on STS-134/ULF6 in the Orbiter’s cargo bay.  The primary science mission is the collection of particle data over 10-years of continuous nominal science operations in conjunction with the permanent magnet.  The majority of the remaining avionics power must be maintained to thermally control the payload given potential station attitudes.  The payload must be powered and operational or powered to thermally maintain the payload science detectors within survivability levels.
AMS-02 will be located at the zenith/inboard S3 Integrated Truss Assembly (ITA) Payload Attach System (PAS #2) site, with the center axis of the payload canted 12-degrees inboard to provide maximum clearance for the envelope of the adjoining payload and to reduce impingement of the AMS-02 field-of-view by the ISS photovoltaic arrays.  The AMS-02 will be certified for up to 11 years of operations.
The following SPIA SSP 57061-Revision B paragraphs are applicable to ESA, JAXA, CSA, and Spacehab, and do not apply to AMS-02: 3.1.2 and sub-paragraphs; 3.1.3 and sub-paragraphs; 3.1.4 and sub-paragraphs; 4.2 and sub-paragraphs; 4.3 and sub-paragraphs; 5.3 and sub-paragraphs; 5.4 and sub-paragraphs; and, paragraphs 5.5.3; 5.5.4; 5.5.6; 5.5.7; 5.5.8; 5.5.9; 5.5.10; 5.6.2; 5.6.3; 6.2; 6.3; 6.4; 7.1.1.4; 7.1.2.3; 7.2; and, 7.3.


	3.1.1
	The AMS-02 Project shall provide the analytical integration data products and models of the AMS-02 experiment flight hardware to the ISS Program, via the ISS Payloads Office, and to the Space Shuttle Program for the launch configuration.

The ISS Program shall provide the ground processing of the AMS-02 on a Space Shuttle flight, perform all the physical integration and ground processing engineering for integration of payload hardware to Shuttle, and provide all necessary ground processing integration services.

The AMS-02 Project will generate the AMS-02 a Flight Safety Data Package and a Ground Safety Data Package for submittal to the Payload Safety Review Panel (PSRP) and Ground Safety Review Panel (GSRP).


	5.0
	The AMS-02 Project will provide the AMS-02 flight-certified hardware listed in the Payload Furnished Equipment list as available for flight.  NASA/ISS is responsible for verifications showing that Government Furnished Equipment (GFE) provided hardware is certified for flight.



	6.1
	AMS-02 provided Ground Support Computers (GSCs) will be located in MCC-H and the POIC to be used to receive and archive all AMS-02 missions down linked data.  Retrieval of the data by the AMS-02 remote POCCs will be by Transmission Control Protocol/Internet Protocol (TCP/IP) interfaces.



	6.1.6
	AMS-02 after installation on S3 and following a functional checkout, a GO/NO-GO station stay decision by the AMS-02 Project Manager will be made prior to Orbiter undocking.



	7.1.2.1
	After AMS-02 installation into the Orbiter cargo bay at the launch pad, power will be provided to the payload through the T-zero umbilical for pre-launch and data checkout.


	7.1.4
	If an AMS-02 station NO-STAY decision to return is made, in addition to re-engaging the direct mechanical interfaces, power to the payload via the Remotely Operated Electrical Umbilical (ROEU) Passive Disconnect Assembly (PDA) interface is requested but not required.


	7.1.4.1
	End of mission statement: There is no return requirement for the AMS-02 external system.  The external system may be left on orbit and/or jettisoned at the ISS Program’s discretion with concurrence from the AMS Project.


	8.0
	The payload's external system requires no planned on-orbit Extravehicular Activity (EVA) maintenance or Extravehicular Robotics (EVR) maintenance.




Deviations from SSP 57072 and Unique Agreements
	SPIA 57072 Section/

Paragraph Number
	PIA Agreements

	1.0
	Payload hardware provisioning supports the AMS-02 ISS DDRS launch on STS-134/ULF6 in the Orbiter’s middeck or a subsequent launch vehicle to ISS post-Shuttle.
The AMS-02 ISS DDRS is an ExPRESS sub-rack payload supporting the truss-mounted AMS-02 payload system operations during the entire AMS-02 science mission.  The AMS-02 ISS DDRS will be launched to station in the Orbiter's middeck with a subsequent transfer to ISS and implementation of electrical/data interfaces to a continuously powered ExPRESS Rack onboard the ISS for the primary and secondary science missions of AMS-02.

The AMS-02 Project shall provide the analytical integration data products and models of the AMS-02 ISS DDRS experiment flight hardware to the ISS Program, via the ISS Payloads Office, and to the Space Shuttle Program for the launch configuration.
A dedicated Orbiter AMS-02 A31p Laptop computer will be provided by the NASA/OD Avionics and Software Office and manifested by in the SSP allocation for AMS-02 on-orbit operations.

A dedicated ISS AMS-02 T61p Laptop computer will be provided by the NASA/OD Avionics and Software Office and manifested in the NASA/OZ Avionics and Software Office allocation for AMS-02 on-orbit operations.

The ISS Program shall provide the ground processing of the AMS-02 ISS DDRS system for packaging and stowage in the Orbiter’s middeck for launch.

The AMS Project Office will generate the AMS-02 ISS DDRS Flight Safety Package submittal to the PSRP which will serve as the necessary inputs for integration in the ISS pressurized volume.

The AMS-02 Project will provide the AMS-02 ISS DDRS flight-certified hardware listed in the Payload Furnished Equipment list as available for flight.  NASA/ISS is responsible for verifications showing that GFE provided hardware is certified for flight.

End of mission statement: There is no return requirement for the AMS-02 ISS DDRS internal system.  The AMS-02 ISS DDRS system may be left on orbit and/or dispositioned at the ISS Program’s discretion with AMS Project concurrence.

The following SPIA SSP 57072 paragraphs do not apply to AMS-02 ISS DDRS: 5.1.1; 5.1.2; 5.1.4; 5.1.5; 5.1.6; 5.1.7; 7.1.2; and, 7.2.2.



The AMS-02 Project listing of ground and flight GFE requests to the Space Shuttle Program and ISS Program are documented in the following tables.  Availability and approval of the Space Shuttle Program and the ISS Program certified flight hardware usage is considered complete with approval of this PIA and approval of the statements within the STS-134/ULF-6 Mission Integration Plan (MIP) with the Space Shuttle Program.

SSP Government Furnished Equipment (GFE)
	Delivered
	Equipment
	Quantity
	Part Number
	Use
	Duration of Use
	Hardware Provider

	Yes
	See Note 1 and Note 2
	Note 1
	Installed
	Flight
	Lifetime
	OZ

	N/A
	Middeck Locker Equivalent
	2
	N/A
	Flight
	3-months
	OZ3

	No
	A31p Laptop
	1
	SEG33115360-303
	Flight
	3-months
	SSP

	No
	DC Power Supply Cable (28vdc)
	1
	SEG39129264-305
	Flight
	3-months
	SSP

	No
	Enhanced A31p 16vdc Power Cable
	1
	SEG33116459-301
	Flight
	3-months
	SSP

	No
	A31p28vdc Power Supply

(28vdc-to-16vdc Power Converter)
	1
	SEG33116428-301
	Flight
	3-months
	SSP

	No
	AMS Turn-Around Plug
	1
	38P77W423P4
	Flight
	3-months
	SSP

	No
	AMS 60GB Hard Drive, A31p 
	2
	SEG33115359-301
	Flight
	3-months
	SSP

	No
	Ultrabay Adapter Assembly, A31p
	2
	SEG33115362-301
	Flight
	3-months
	SSP


Note 1: The ISS Program provided the listed GFE equipment which are integrated into the AMS-02 external system assembly: 1-Umbilical Mating Assembly (UMA) Passive Half Assembly, 1-Flight Releasable Grapple Fixture (FRGF), 1-Power Video Grapple Fixture (PVGF), 1-External Berthing Camera System (EBCS), and 1-Remotely Operated Electrical Umbilical (ROEU) Passive Disconnect Assembly (PDA).

Note 2: The AMS-02 Project procured the listed GFE equipment from NASA/JSC which are integrated into the AMS-02 external system assembly: 1-Worksite Interface Fixture (WIF), and 9-EVA handrails.
ISS Government Furnished Equipment (GFE)
	Delivered
	Equipment
	Quantity
	Part Number
	Use
	Duration of Use
	Hardware Provider

	No
	T61p Laptop
(AMS Laptop)
	4
(1-Flight

3-Ground)
	SEG33120761-301
	Flight
	Lifetime
	OD/On-orbit

	No
	T61p 160 GB C: Hard Drive
	1
	SEG33120738-301
	Flight
	Lifetime
	OD/On-orbit 

	No
	T61p Internal Battery
	1
	SEG33120739-301
	Flight
	Lifetime
	OD/On-orbit

	No
	T61p Ultra-Bay Adapter Assembly
(AMS Hard Drive Adapter)
	2

(1- Installed)
(1-Shared on-board pantry)
	SEG33120741-301
	Flight
	Lifetime
	OD/On-orbit

	No
	T61p Firmware/BIOS
	1
	SKG33120762-C
	Flight
	Lifetime
	OD/On-orbit

	No
	T61p GB D: Hard Drive
	3
	SEG33120738-301
	Flight
	Lifetime
	OD/On-orbit

	Yes
	Payload General Support Computer (PGSC) DC Power Cable

 (Enhanced A31p 16V DC Power Cable)
	1
	SEG33116459-301
	Flight
	Lifetime
	On-orbit ISS

	Yes
	DC Power Supply (28vdc)

(A31p 28vdc Power Supply)
	1
	SEG33116428-301
	Flight
	Lifetime
	On-orbit ISS

	Yes
	DC Power Supply Cable
(DC Power 28V DC Cable Assembly)
	1
	SEG39129264-305
	Flight
	Lifetime
	On-orbit ISS

	Yes
	PS28 Power Strip Assembly
(PS28 Power Strip Assembly)
	1
	SEG33114657-301
	Flight
	Lifetime
	On-orbit ISS

	Yes
	PS28 Junction Box
(PS28 Junction Box)
	1
	SEG33114658-301
	Flight
	Lifetime
	On-orbit ISS

	Yes
	PS28 Cable Assembly
(PS28 Cable Assembly)
	1
	SEG33114659-301
	Flight
	Lifetime
	On-orbit ISS

	Yes
	28 VDC, 20 AMP Adaptor Cable Assembly

(28 VDC, 20 AMP Adaptor Cable Assembly)
	1
	SEG33112598-301
	Flight
	Lifetime
	On-orbit ISS

	No
	Fiber Optic Cable

(Purple Fiber Optic Cable)
	150 feet
	NFOC-2FFF-1GRP-1
	Flight
	Lifetime
	OZ3

	No
	UIP P7 Connector Assembly

(P7 Connector)
	3

(1-flight

2-ground)
	NATC06G13N4PN
	Flight
	Lifetime
	OZ3

	No
	Back Shell
	3
	M85049/38S13N
	Flight
	Lifetime
	OZ3

	No
	Plug Protective Cover
	4
	NATC-PPC-N-13-06
	Flight
	Lifetime
	OZ3

	No
	Fiber Pin Termini Contact
	20
	NZGC-F-16PB
	Flight
	Lifetime
	OZ3

	No
	Sealing Plugs
	12
	NZGSP-16
	Flight
	Lifetime
	OZ3

	No
	J7 Fiber Socket Termini Contact
	10
	NZGC-F-16SB
	Flight
	Lifetime
	OZ3

	Yes
	Electrostatic Discharge Stowage (ESD) Bags
	20
Note 1
	528 43072-6
	Flight
	Lifetime
	OZ2


Note 1: Individual ESD replacement bags, available from ISS pantry as required.

Station Support Equipment (SSE)
	SSE Item Name
	Quantity
	Part Number
	Use
	Duration of Use
	Hardware Provider

	Desk Top Plate Assembly
	1
	SED33108703-304
	Flight
	Dedicated Lifetime
	EC6

	Multi-Use Bracket Assembly
	1
	SEG33107631-301
	Flight
	Dedicated Lifetime
	EC6


Ground Data Services

	Ground Data Services Requirements
	Operating Location From
	Operating Location To
	Data Rate (Mbits/s)
	POIC Process Data
	Voice Distribution System
	Internet Voice Distribution System

	Payload Science (Sci) / Engineering (Eng) Data / POCC Services and HOSC Resources
	POIC
	JSC AMS-02 POCC B/30S/Room 3301 MCC-H
	6 Mbits/s average - High Rate Data Bus (1)
	Yes - Nominal 1 command per second.
Note 1

Note 2

Note 3
	
	

	Payload Sci/Eng Data / POCC Services & HOSC Resources
	POIC
	JSC AMS-02 POCC B/30S/Room 2326 Blue Flight Contol Room MCC-H
	6 Mbits/s average - High Rate Data Bus (1)
	Yes - Nominal 1 command per second.
Note 1

Note 3

No uplink command connectivity or services.
	
	

	Payload Sci/Eng Data / POCC Services & HOSC Resources
	POIC
	European Organization for Nuclear Research (CERN) POCC, B/32/Room 4-C17, Geneva, Switzerland
	6 Mbits/s average - High Rate Data Bus (1)
	Yes - Nominal 1 command per second.
Note 1

Note 2

Note 3
	
	

	Payload Sci/Eng Data / POCC Services & HOSC Resources-to-JSC Network Connectivity Services & Resources
	POIC
	JSC Gilruth Center, Trinity Room
	6 Mbits/s average - High Rate Data Bus (1)
	JSC Network Connectivity Resources from B/30 MCC-H-to-Gilruth Center, Trinity Room.
No uplink command connectivity or services.
	
	

	Payload Sci/Eng Data / POCC Services & HOSC Resources-to-KSC Network Connectivity Services & Resources
	POIC
	KSC Space Station Processing Facility (SSPF) User Room, Launch Control Center (LCC) User Console, Orbiter Processing Facility (OPF), and Vertical Assembly Building (VAB)
	6 Mbits/s average - High Rate Data Bus (1)
	Yes - Nominal 1 command per second

Note 1

Note 2

Note 3
	
	

	Voice
	MCC-H/POIC
	JSC AMS-02 POCC B/30S/R3301 MCC-H
	
	
	YES
	IVoDS 

Note 4

	Voice
	MCC-H/POIC
	JSC AMS-02 POCC B/30S/R2326 Blue Flight Contol Room MCC-H
	
	
	YES
	IVoDS 

Note 4

	Voice
	MCC-H/POIC
	CERN POCC, B/32/Room 4-C17, Geneva, Switzerland
	
	
	YES
	IVoDS 

Note 4

	Voice
	MCC-H/POIC
	JSC Gilruth Center, Trinity Room
	
	
	YES
	IVoDS 

Note 4

	Voice
	MCC-H/POIC
	KSC SSPF, LCC, OPF, VAB User Positions
	
	
	YES
	IVoDS 

Note 4

	ISS Downlink Video
	POIC
	JSC AMS-02 POCC B/30S/R3301 MCC-H
	
	
	
	

	ISS Downlink Video
	POIC
	JSC AMS-02 POCC B/30S/R2326 Blue Flight Contol Room MCC-H
	
	
	
	

	ISS Downlink Video
	POIC
	CERN POCC, B/32/Room 4-C17, Geneva, Switzerland
	
	
	
	


Note 1: Details provided in POIC Ground Data Services Requirements document P/L SW RCS #:45.  Summary of general data services required: Real-Time (R/T) access to AMS-02 Health and Status (H&S) data, R/T AMS-02 high telemetry rate science data, R/T ISS Broadcast Ancillary Data, R/T User Defined GSE packets, DUMP2 data, GSE Packet Definition and Distribution Services, Planning Data Set (PPS)/User Requirements Collection (URC) accounts, EHS Personal Computer Services, OSTPV short term planning services, Aristotle Web Server Access account.

Note 2: The AMS-02 Project will provide software and support for file transfer of uplink command services [ISS payload command services limited only to three (3) AMS-02 POCCs: MCC-H/Room 3301, CERN, and KSC network connectivity services and resources] and telemetry parameters services to all AMS-02 POCCs.  The CERN POCC is not configured for command services support of AMS-02 as an Orbiter payload.
Note 3: Some parameters in the AMS-02 Critical Health Data can be decommutated and displayed at the POIC; however, AMS-02 has no requirement for POIC processing of payload command or telemetry data.
Note 4: IVoDS for voice distribution to remote locations.  If voice distribution is through other means when AMS-02 operates, four (4) voice interfaces are required to be provided.  Request the creation of a conference voice loop (talk/monitor) for AMS-02 coordination within/between the AMS-02 POCCs, i.e., JSC/MCC-H, JSC Gilruth Center, CERN, and KSC network connectivity services to SSPF, LCC, OPF, VAB.
The AMS-02 Project agrees to provide the Payload Furnished Equipment listed in the SSP Payload Furnished Equipment table and the ISS Payload Furnished Equipment table.  Availability and approval of the AMS-02 provided flight hardware is considered complete with approval of this PIA and approval of the statements within the STS-134/ULF-6 Mission Integration Plan (MIP) with the Space Shuttle Program.
AMS-02 SSP Payload Furnished Equipment
	Delivered
	Equipment
	Quantity
	Part Number
	Use
	Duration of Use
	Hardware Provider

	No
	AMS USB A/B Cable
	2
	SED39136130-801
	Flight
	Note 1
	AMS

	No
	USBRS422
	2
	SED39137921-301
	Flight
	Note 1
	AMS

	No
	DDRS-02 PDIP Cable
	2
	SED39136111-301
	Flight
	Note 1
	AMS

	No
	AMS Extension Cable
	2
	SED39137973-301
	Flight
	Note 1
	AMS

	No
	AMS Playback Cable
	2
	SED39137930-301
	Flight
	Note 1
	AMS

	No
	AMS Orbiter Communications Adapter (OCA) Adapter Cable
	2
	SED39137971-301
	Flight
	Note 1
	AMS

	No
	AMS-02 RS-422 T-0 Cable
	2
	SED39136112-302
	Flight
	Note 1
	AMS


Note 1: Duration of use of this listed AMS-02 provided flight hardware on the Orbiter will be from post insertion through the AMS-02 external system installation onto the S3 Integrated Truss Assembly (ITA) payload attach site and payload receipt of power from ISS during docked operations.
AMS-02 ISS Payload Furnished Equipment
	Delivered
	Equipment
	Quantity
	Part Number
	Use
	Duration of Use
	Hardware Provider

	No
	AMS Short Network Cable
	2

Note 1
	SEG39138002-801

(S/N-1001, 1002: 9-feet)
	Flight
	Lifetime
	AMS

	No
	AMS Long Extension Cable
	2
Note 1
	SEG39138002-802

(S/N-1003, 1004: 40-feet)
	Flight
	Lifetime
	AMS

	No
	AMS Network Jack
	2

Note 1
	SEG39137984-301

(S/N-1001, 1002)
	Flight
	Lifetime
	AMS

	No
	AMS Cable Kit
	Note 2
	SEG39137975-301
(S/N-1001, 1002)
	Flight
	Lifetime
	AMS

	No
	AMS HRDL Cable
	1/Kit
	SEG39136091-301

(S/N-1001, 1002: 8-feet)
	Flight
	Lifetime
	AMS

	No
	AMS Transmitter Adapter
	1/Kit
	SEG39136090-301

(S/N-1001, 1002)
	Flight
	Lifetime
	AMS

	No
	AMS Receiver Adapter
	1/Kit
	SEG39136090-302

(S/N-1003, 1004)
	Flight
	Lifetime
	AMS

	No
	AMS USB Cable
	2/Kit
	SEG39137981-801

(S/N-1001, 1002, 1003, 1004)

(3-ft cable – each assembly)
	Flight
	Lifetime
	AMS

	No
	AMS Short Extension Cable
	2

Note 1
	SEG39138001-301

(S/N-1001, 1002: 6-feet)
	Flight
	Lifetime
	AMS

	No
	AMS Long Extension Cable
	2

Note 1
	SEG39138001-302

(S/N-1001, 1002: 40-feet)
	Flight
	Lifetime
	AMS

	No
	AMS Hard Disk Drive Kit
	Note 3
	SJG39137982-301

(S/N-1001)
	Flight
	Lifetime
	AMS

	No
	AMS Hard Disk Drive Bag
	1
	SEG39137983-301

(S/N-1001)
	Flight
	Lifetime
	OZ2

	No
	AMS Hard Drive
	7
	SEG39137974-801

(S/N-1001 - 1007)
	Flight
	Lifetime
	AMS

	No
	AMS Hard Drive
	3
	SEG39137974-802

(S/N-1008 - 1010)
	Flight
	Lifetime
	AMS

	No
	ST Connector for Fiber Optic Cable
	20
	BP04991-04
	Flight
	Lifetime
	AMS


Note 1: These parts (quantity 2 each) will be flown as non-kit items that require transfer from Orbiter to ISS: AMS Short Network Cable SEG39138002-301; AMS Long Network Cable SEG39138002-802; AMS Network Jack SEG39137984-301, AMS Short Extension Cable SEG39138001-301; AMS Long Extension Cable SEG398001-302.

Note 2: AMS Cable Kit SEG39137975-301 (quantity 2 kits) stowed contains: AMS HRDL Cable SEG39136091-301 [quantity 2 (1/kit)], AMS Transmitter Adapter SEG39136090-301 [quantity 2 (1/kit)], AMS Receiver Adapter SEG39136090-302 [quantity 2 (1/kit)], AMS USB Cable SED39137981-801 [quantity 4 (2/kit)].  AMS Cable Kit SEG39137975-301 (2 kits) requires transfer from Orbiter to ISS.

Note 3: AMS Hard Disk Drive Kit SJG39137982-301 (quantity 1) stowed contains: AMS Hard Disk Drive Bag SEG39137983-301 (quantity 1), AMS Hard Drive SEG39137974-801 (quantity 7), Hard Drive SEG39137974-802 (quantity 3).  AMS Hard Disk Drive Kit SJG39137982-301 requires transfer from Orbiter to ISS.
The AMS-02 basic requirements and remarks are listed in the Basic Payload Data and Requirements table Payload and are for planning purposes.
Basic Payload Data and Requirements

	Payload Requirements
	Orbiter Cargo Bay Resources Required
	ISS External Resources Required

	Payload On-orbit Science
	
	Payload mission is 10-years plus of continuous science collection with a permanent magnet system operation.  

	Payload On-orbit Mass
	
	External system ~15,300 lbs installed on the zenith/inboard S3 ITA PAS #2 site.
Internal system DDRS, ~140 lbs in pressurized volume.

	Payload Up Mass – Ascent
	Transport ~15,300 lbs in Orbiter cargo bay utilizing direct interfaces via four longeron trunnions and one keel trunnion.
Transport DDRS, ~70 lbs in middeck stowage.
	

	Payload Down Mass – Descent
	Zero (70) lbs
	

	Power Loads - Note 1
	Up to 2,400 watts @ 120vdc continuous power post-insertion in Orbiter cargo bay.
Up to 90 watts @ 28vdc continuous power post-insertion for dedicated A31p laptop Orbiter operations.
	Up to 2,400 watts continuous power for nominal science operations.  Variable operational power loads: 400 watts @ 120vdc minimum to 2,400 watts @ 120vdc peak.
Up to 90 watts @ 28vdc continuous power post-insertion for dedicated T61p laptop Orbiter operations.

	Data System
	AMS-02 will generate an average of 4 Mbits/s of RS422 for downlink on Ku-Band.
AMS-02 laptop used for playback at up to 4 Mbits/s of RS422 downlink on Ku-Band.

AMS-02 Payload Data Interleaver (PDI) will be downlink interface for Orbiter S-band.


	AMS-02 will generate an average of 6 Mbits/s of HRDL for downlink on Ku-Band.

AMS-02 laptop will generate 10 kbps of housekeeping data on the MRDL.

AMS-02 critical health and housekeeping data will be generated for downlink via ISS S-Band system during ISS Ku-Band disruptions.  The availability of ISS S-Band system downlink is to be managed by the ISS real-time flight control team pending ISS operational priorities and availability.

	Location/Orientation/Viewing
	
	S3 ITA zenith/inboard PAS site #2.  Oriented 12-degrees off vertical from ISS -Z axis tilted inboard towards ISS -Y axis (port).  Unobstructed line-of-site (except for ISS solar arrays and radiators which sweep through this keep out envelope) into deep space requires a ±50º viewing-cone referenced to the AMS-02 origin.


	Photography
	Digital imagery of AMS-02 in Orbiter cargo bay prior to payload Extravehicular Robotics (EVR) operations and after ELC-3 removal.
	Digital imagery of AMS-02 after installation onto the S3 ITA.

	On-orbit Maintenance
	
	The payload's external system requires no planned on-orbit EVA or EVR maintenance.

	Note 1: Operational power loads table:
AMS-02 Power Loads

400 watts

Survivability/Keep Alive

Power Distribution System (PDS) ON, J-Crate ON

1,800 watts

Science Detector Heaters On
PDS ON, J-Crate ON, Science Detector Heaters ON

2,400 watts

Baseline Science Detectors Operations

PDS ON, J-Crate ON, All Heaters ON, Science Detector Channels ON




The Payload Integration Manager will serve as a focal point for interface with the ISS Payloads Office.

The AMS-02 Project Manager represents the AMS-02 payload systems (external and pressurized) and the international collaboration to the ISS Payloads Office.

The United States DOE is the AMS-02 payload sponsor under an inter-agency implementing arrangement with NASA.  NASA Headquarters Space Operations Mission Directorate sponsors the AMS-02 as an ISS attached payload.

Updates to this letter may be made with joint approval of the ISS Payloads Office Manager and the AMS-02 Project Manager.
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