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Abstract—The Imaging X-ray Polarimetry Explorer (IXPE)
project is an international collaboration to build and fly a
polarization sensitive X-ray observatory. The IXPE
Observatory consists of the spacecraft and payload. The
payload is composed of three X-ray telescopes, each consisting
of a mirror module optical assembly and a polarization-sensitive
X-ray detector assembly; a deployable boom maintains the focal
length between the optical assemblies and the detectors. The
goal of the IXPE Mission is to provide new information about
the origins of cosmic X-rays and their interactions with matter
and gravity as they travel through space. IXPE will do this by
exploiting its unique capability to measure the polarization of
X-rays emitted by cosmic sources.

The collaboration for IXPE involves national and international
partners during design, fabrication, assembly, integration, test,
and operations. The full collaboration includes NASA Marshall
Space Flight Center (MSFC), Ball Aerospace, the Italian Space
Agency (ASI), the Italian Institute of Astrophysics and Space
Planetology (IAPS)/Italian National Institute of Astrophysics
(INAF), the Italian National Institute for Nuclear Physics
(INFN), the University of Colorado (CU) Laboratory for
Atmospheric and Space Physics (LASP), Stanford University,
McGill University, and the Massachusetts Institute of
Technology.
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The goal of this paper is to discuss risk management as it applies
to the IXPE project. The full IXPE Team participates in risk
management providing both unique challenges and advantages
for project risk management. Risk management is being
employed in all phases of the IXPE Project, but is particularly
important during planning and initial execution—the current
phase of the IXPE Project. The discussion will address IXPE
risk strategies and responsibilities, along with the IXPE
management process which includes risk identification, risk
assessment, risk response, and risk monitoring, control, and
reporting.
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1. INTRODUCTION

The goal of this paper is to describe risk management as it is
being implemented for IXPE during the current NASA
project life-cycle phase: Phase B, Preliminary Design and
Technology Development. Following the introduction
(Section 1), the paper begins with a background discussion of
the IXPE mission: the international collaboration, science
goals, project overview, and mission operations overview
(Section 2) [1-9]. The background is immediately followed
by a discussion of how risk management is implemented
within IXPE, including the overall risk strategy approach and
roles and responsibilities (Section 3). The bulk of the paper
(Section 4) walks step-by-step through the IXPE risk process.
The section begins with an overview that describes how risk
management is accomplished given that IXPE is an
international collaboration, with 3 major partners, one of
which is an international contribution. The overview is
followed by a walkthrough of the IXPE risk process steps:
identification, assessment, response (a.k.a. handling
strategy), monitoring, controlling, and  reporting.
Conclusions are discussed in Section 5.

There are two companion papers on IXPE at this conference.
The first is a mission overview [9]; the second covers the
systems engineering approach in use on IXPE [10].

2. BACKGROUND

The IXPE Mission is an international collaboration led by
NASA MSFC as the Principal Investigator (PI) institution
and includes Ball and CU/LASP, as well as the Italian Space
Agency (ASI) with IAPS/INAF and INFN as major
international partners who make up the IXPE Italian Team
(12T). The goal of IXPE is to expand understanding of high-
energy astrophysical processes and sources, in support of
NASA'’s first science objective in Astrophysics: “Discover
How the Universe Works,” by measuring the polarization of
X-rays emitted by cosmic sources. Polarization uniquely
probes physical anisotropies—ordered magnetic fields,
aspheric matter distributions, or general relativistic (GR)
coupling to black-hole spin—that are not otherwise
measurable.

IXPE Project Overview [1-9]

MSFC is providing the X-ray optics and Science Operations
Center (SOC), along with mission management and systems
engineering. Ball is responsible for payload Integration and
Test (I&T), the Spacecraft (S/C), system I&T, launch, and
operations. The Mission Operations Center (MOC) is located
at CU/LASP. IAPS/INAF and INFN provide the unique
polarization-sensitive gas pixel detectors (GPD) within the
detector units (DU) and the Detectors Service Unit (DSU),
which includes the payload computer.

The IXPE Observatory consists of the S/C and payload
modules built up in parallel to form the Observatory during
system integration and test.

IXPE’s payload is a set of three identical X-ray telescopes
mounted on a common optical bench and co-aligned with the
pointing axis of the S/C. Each telescope operates
independently, and is comprised of a 4-m-focal-length X-ray
optic called a Mirror Module Assembly (MMA) that focuses
X-rays onto a polarization-sensitive GPD within its paired
DU. A deployable boom maintains the focal length between
the MMAs and DUs. Each DU contains its own electronics,
which communicate with the DSU. The DSU bins the science
data and interfaces with the S/C. Each DU has a multi-
function filter wheel assembly for in-flight calibration checks
and source flux attenuation.

The IXPE Observatory is based on the Ball BCP-100 S/C
architecture, a low-cost, heritage approach with significant
spacecraft capability and flexibility. The BCP-100 design
supports the project goal of incorporating a low-risk
spacecraft by using flight-proven components, a simple
structural design, and significant design and software reuse
from prior missions (STPSat-2, STPSat-3, and GPIM) [7-9].
The modular design allows for concurrent payload and S/C
development with a well-defined, clean interface that reduces
technical and schedule risk. IXPE is leveraging the flexibility
of the BCP-100 architecture to accommodate the IXPE
science payload. The IXPE payload is mounted on the S/C
top deck. The IXPE Observatory is designed to launch on a
Pegasus XL or larger launch vehicle.

Figure 1 shows the Observatory stowed in a Pegasus XL
fairing and Figure 2 shows the IXPE Observatory on-orbit
configuration.

Figure 1. IXPE Observatory Stowed in Pegasus XL



Figure 2. IXPE Observatory On-Orbit Configuration

IXPE Mission Operations Overview

IXPE is designed as a 2-year mission plus 30 days for
commissioning with a current launch date of April 2021.
IXPE launches to a circular low-Earth orbit at an altitude of
540 km and an inclination of O degrees. The payload uses a
single science operational mode capturing the X-ray data
from the targets. The mission design follows a simple
observing paradigm: pointed viewing of known X-ray
sources (with known locations in the sky) over multiple orbits
(not necessarily consecutive orbits) until the observation is
complete. The Observatory communicates with the ASI-
contributed Malindi ground station via S-band link. The
science team generates and archives IXPE data products in
NASA’s High Energy Astrophysics Science Archive
Research Center (HEASARC) using proven algorithms.

Additional information about IXPE can be found at:
https://www.astro.msfc.nasa.gov/ixpe/.

3. IXPE RISk MANAGEMENT IMPLEMENTATION

The IXPE Project implements a risk management process
that includes methodologies for identifying, analyzing,
mitigating, monitoring, and tracking risks. As a cost-capped,
Class D, fast-paced (Formulation to Launch in ~4 years)
mission, these risk management methodologies are focused
on providing project management the visibility needed to
actively manage risks, and the insight required for robust,
cost-based, risk-aware decision making.

The purpose of the risk management process is to minimize
the probability and impact of adverse events which threaten
project objectives. To be successful, risk management
requires that all Project members actively engage in the
process and ensure that risks are:

» Continuously identified throughout the Project life cycle

« Systematically analyzed using standardized criteria to
determine impact and likelihood

e Appropriately prioritized to ensure the most effective use
of Project resources

« Monitored and tracked to maintain an accurate Project
risk profile and evaluate the effectiveness of the risk
management process and risk-related activities.

These steps ensure the IXPE Project Manager (PM) can
factor risk into day-to-day management of the Project and
make effective cost-based, risk-aware decisions.

Risk Strategy

IXPE risk management practices are based on NASA'’s
Continuous Risk Management (CRM) processes [11,12]. The
IXPE project risk management process steps encompass risk
identification, assessment (analyze), planning, tracking, and
control per CRM (Figure 3) throughout the project life cycle.

Communicate

Document

Figure 3. CRM Process



Risks that potentially affect mission performance/technical
margins or cost and schedule are tracked as threats to the
budget, schedule, and/or mission/technical metrics until
resolved, realized, or otherwise dispositioned.

The responsibilities and processes for managing risks
associated with IXPE are documented in the IXPE Risk
Management Plan (RMP), and is the subject of this paper.
The IXPE RMP is implemented within the IXPE Project with
full participation from the IXPE partners: MSFC, Ball
Aerospace (Ball), and the 12T partners, and is applicable to
risks associated with cost, schedule, and performance
(technical/mission). Safety risks are incorporated into
performance, cost, or schedule as appropriate.

Roles and Responsibilities

The IXPE PM serves as the Chair of the IXPE Risk
Management Board (RMB), shown in Table 1, and is
responsible for overall risk management and mitigation, and
makes decisions with the concurrence of the Principal
Investigator (PI). The PM screens all risks voted for inclusion
in the risk register by the RMB, identifying risks requiring
elevation for upper management visibility. Risks outside the
scope of the project, or with significant cost, schedule, and/or
technical impacts are presented to MSFC’s Center
Management and the Goddard Space Flight Center (GSFC)
Explorer’s Program Office (ExPO).

The PM delegates the leadership of technical risk
identification, trade study oversight, and risk mitigation to the
IXPE Project Systems Engineer (PSE), who also serves as the
alternate RMB Chair. The PSE is responsible for ensuring
technical risk mitigation strategies are appropriate and
technical implementations are adequate.

The PM delegates the responsibility of the development and
implementation of the risk management process to the IXPE
Project Integration Lead, who serves as the project’s Risk
Lead (RL). The RL serves as the focal point for project team
inputs and proposed mitigation strategies. The RL works with
team members to develop risks, track open risks, maintain the
project risk management tool (IXPE risk register), run
monthly RMB meetings, track risk actions, and finalize RMB
minutes. The RL develops and maintains the IXPE Risk
Management Plan (RMP) for PM and RMB approval, and
submits monthly reports to the PM for Project, Program, and
MSFC reviews.

The PM delegates the responsibility of RMB Secretariat to
the IXPE Configuration Management (CM) lead; the
Secretariat takes the RMB meeting attendance, records
minutes, and records actions.

The IXPE project team is responsible for identification and
documentation of risks, assessment of identified risks for
impacts to their respective areas, supporting the development
of mitigation strategies for “Medium” and “High” risks, and
reporting on risk mitigation status.

The IXPE RMB provides the forum for discussing project
risks and makes decisions regarding the disposition of those
risks. RMB members are the individuals established and
authorized per the IXPE RMB Charter.

Table 1. IXPE Risk Management Board Membership

Organization Title Responsibility
MSFC Project Manager Chair
MSFC Project Systems Alternate Chair,
Engineer Member

MSFC Project Integration Risk Lead
Lead

MSFC Configuration Secretariat
Management Lead

MSFC Principal Investigator | Member

MSFC Lead Systems Member
Engineer

Ball Ball Project Manager | Member

Ball Ball Lead Systems Member
Engineer

IAPS/INFN | 12T Project Manager | Member

IAPS/INAF | 12T Lead Systems Member
Engineer

MSFC Payload Manager Member

MSFC CSO/SMA Member
Representative

ASI ASI SMA Lead Member

Each RMB member is responsible for the following:
(1) Risk identification

(2) Regular review of risk status, scoring, and ranking
(3) Approval of specific risk handling strategies

(4) Evaluation of mitigation plans before and during plan
execution

(5) Formulating recommendations regarding risk
mitigation

(6) Review and approval of changes to the RMP

Risk decisions are made by consensus of the RMB. If
consensus cannot be reached, the PM, in concurrence with
the PI, has ultimate authority to make risk decisions and
changes. If consensus cannot be reached between the PI and
PM, the risk issue is elevated to MSFC management unless
the IXPE science return will be affected, in which case the Pl
has ultimate authority.



4. RISK MANAGEMENT PROCESS
Overview

The IXPE risk management process involves full
participation from all the IXPE partners: MSFC, Ball, and the
I12C partners. Ball is the prime contractor for the IXPE
mission. As such, IXPE risks involving Ball are assessed for
cost, schedule, or performance impacts to the scope described
in their contract; IXPE Project cost and schedule liens and/or
contract modifications are implemented as required. Ball
internal risk management processes are governed by the
IXPE contract, derived from the Ball Quality Business
System Risk and Opportunity Management Work
Instruction, and described in the Ball Risk Management Plan
for IXPE.

The 12T contribution involves contributions from multiple
Italian organizations (ASI, IAPS/INAF, and INFN). The
major 12T funding source and management authority is ASI.

As such, 12T works in a risk process governed and reported
to ASI. The 12T risk processes are governed by the European
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Cooperation for Space Standardization Risk Management,
AS| ECSS-M-80C, and described in the IXPE Instrument
Risk Management Plan. As a participant in the IXPE risk
management process, 12T has adopted the IXPE risk ranking
criteria, submits all risks reported to ASI to the IXPE RL, and
participates fully in IXPE RMB activities. Since the
partnership with 12T is an international contribution, IXPE
risks involving 12T do not typically carry a cost “score” in the
IXPE risk register (Appendix A) since cost mitigation liens
carried by 12T/ASI do not affect Project reserves. All 12T
risks are reviewed by the RMB to determine if it is
appropriate for the Project to assign a cost score to a
particular 12T risk due to potentially incurred costs by MSFC
and/or Ball. If a risk involving 12T requires mitigation for
which MSFC or Ball participation is required, risk
“ownership” (i.e. the risk owner) is transferred from 12T to
MSFC or Ball, as appropriate, and a cost score is assigned.

The IXPE risk management process is described in the
following sections. An overview of the IXPE risk
management process is shown in Figure 4.
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Figure 4. IXPE Risk Management Process





















Risk Identification Quesions/Criteria reassessed and impact/consequence rankings will be adjusted

proportional to the Project’'sbudget, schedule and
(1) Is the concern a risk? (Could it result in an undesirablgnass/power resenver that phase

situation or circumstance and have a realistic likelihood
of occurring?)

(2) Is the concern already covered in forward work? (If soRisk Scoring—Usind ables 3 & 4, IXPE risks are scored in
it may not be a risk.) accordance i the following:

(3) Can the concern be addressedfimyds without going (1) Determine likelihood scores ) and
through the risk management process? (Management impact/consequence scores-5)1 using IXPE’s risk
may decide to apply those funds and include it in forward  ranking criteria (Tables & 4).
work; therefore, may not be a risk, assuming the funded

task provides full mitigation.) (2) Calculate the “composite risk score” by multiplying the
likelihood by the highest impact/consequence score
(4) 1s the concern a known risk (duplicatj?e(Review the (compositescores range from a minimum of 1 to a
existing risk and, if necessary, update the descriptionand maximum of 25).
context.)

(3) Composite scores are mapped to a 5x5 matrix (Figure 5
(5) Is the concern an issfpeoblem? (Not a risk because the where, for reporting purposes: Green = “Low” risks,
likelihood is 100%—the threat has already occurred.) Yellow = “Medium” risks, and Red = “High” risks.
IXPE tracks issues internally and reports issues to MSFC
uppe management (Science and Technology Office and4) Risks that have a composite score of 9 orvabare
Center Management Council), and the Explorers considered significant by the IXPE RMB (encompasses
Program Office at GSFC. all red risks and some yellovisks). These significant
risksare reported out and up on a monthly basis as “top
(6) Isthe concern a budget line or unfunded cost impact? (If risks” to management at MSFC, and the GEx€Q
it is, then it should be communicated to the PM and
Business ManagdrNote: Unfinded cost impacts are
also documented and tracked.

Additionally, all draft risks, even if they have been
determined to meet the risk identification criteria by the RL
and PSE, are discussed by the full board for assessment
before being adopted as a risk. The team member who
proposed the draft risk is responsible for presenting valid
reasons for why it is a risk and not forward work, a duplicate
risk, a problem, etc.

Risk Assessment

Risk Scoring Criteria—All IXPE draft risks and riskssubject

to reasseswentand ranking are assigned a probability of
occurrence, or likelihood, with associated ranked
consequences for cost, schedulmd technical/mission
(performance) impacts using the risk ranking criteria in Table
2 (likelihoodimpacts/consequences) and TaBlgnass and
power margins). Safety risks are incorporated into cost,
schedule, or performancas appropriatesince IXPE is a
nonhuman rated missionith no significant risks to humans

or personal safety requirements. The criteria were developed
specifically for IXPE and approved by the RMB for use
during the current phass developmen{NASA Life-cycle
Phase B: Preliminary Design and Technology Development).
At the time when the Project passes from one phase to another
(Phase B to C, C to D, etdhe “risk ranking criteria” will be

Figure 5. IXPE 5x5 Matrix; Top Risks



