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Exploring the Fast, Furious, and Forming Universe

The FAST: Locally rare, brief events have an
outsized impact on the Universe.

- Supernova
Explosion

The heavy elements needed for life are synthesized
in and dispersed by supernovae and neutron star
mergers. Similarly, a single stellar superflare can
evaporate an ocean or catalyze prebiotic pathways.
The STAR-X wide field UV/X-ray design and fast
and flexible operations captures these events.

The STAR-X Science Story

The FURIOUS: Black holes grow extremely
rapidly at early times in the Universe and
are critical to galaxy evolution.

Tidal Disruption
Event (TDE)

STAR-X will uniquely probe the physics of rapid
accretion that allowed massive black holes to
grow so quickly in the early Universe. STAR-X
will catch transient, extreme black hole
feeding events, such as TDEs, where entire stars
are disrupted.

The FORMING: Distant galaxy clusters provide
maximal leverage in evolutionary studies of
structure formation and chemical enrichment.

8 (lusters of
i Ko ? Galaxies

STAR-X will conduct deep surveys and discover the
elusive diffuse emission from the largest bound objects
in the Universe (clusters of galaxies), shortly after their
birth. STAR-X's combination of excellent imaging and
low particle background (due to orbit choice) makes
this possible in a way that no other mission can.




What’s STAR-X? -
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Key Features of the STAR-X Observatory

665 cm (262") length

* Three largely independent
subsystems: XRT, UVT, and SC

* Each independently built and
qualified
* XRT by GSFC+MIT
* UVT by Univ. of Colorado
* SC by Ball Aerospace

XRT
sunshade |

UVT payload .

* Easy integration and testing:
“plug and play”

* Obs. Integration and testing by y . 665 cm (262')
Ball Aerospace Y wingspan
X

S/A
rotation axis
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Key Features of
the X-ray Telescope
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Low particle background.

Excellent PSF: 2.5” on-axis, 8” 0.5-deg off-axis.

Large effective area: >1,800 cm? at 1 keV.

Figure of Merit
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STAR-X

XMM-MOS Swift-XRT
XMM-pn  Chandra ACIS-S3

0.5-6 keV bandpass

1 3
Energy (keV)



Key Features of the UV Telescope

Grasp (A.+Q; cm? degree?)
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e Excellent PSF:
4” on- and off-axis.

 Large FOV: 1.0 deg?.

 Good effective area:
25 - 55 cm?.

e Five filters
* 180 nm
e 220 nm

e 225 nm
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Key Features of the Spacecraft

* Three-axis Stability and Short * Fast And Real-time
Settle Time Communication To Ground
e Supports the excellent PSF of e Uplinks triggers from other
XRT and UVT observatories
* Enables efficient raster scans * Downlinks information of new
* High Degree of Autonomy transients
* Can protect itself and * Large Data Storage
instruments * Enables observation of bright
* Enables efficient operations sources
e Fast Slew * No Consumables
* Fast response to ToO * Mission can last far beyond the two

* High observing efficiency year prime mission



Fast Response to TOO: <120 mins, 90% of the time

0-8 minutes 5-10 minutes 1-90 minutes 1-45 minutes < 120 minutes after
initial alert
O @ ° 90% of the time
o5 i * o - Begin To0 observation
—>> —>»> —>»> +
- Transient event alert received by SOC - To0 execution request « Uplink ToO through « Slew to ToO and start Resume nominal
« Decision to observe determined by received from SOC NSN-SR observation as soon as operations
algorithm, priority and exposure - Automated constraint - < Tmin during contact target is visible (up to 45 «ToO science data returned
time assigned checking - < 90 minutes between min delay possible due to during next NSN-DTE
- Observing request sent to MOC - Command load generation scheduled contacts Earth occultation) downlink
STAR-X SOC (GSF() STAR-X MOC (LASP)

e Algorithmic selection of ToO for STAR-X to respond to.
* Scheduled command uplink windows to minimize response time.

* Near real-time downlink information of transients detected by STAR-X



Science Program for the Two Year Prime Mission

* Targets of Opportunity

y * Young supernovae
* GW X-ray/UV counterparts
* GW source late-time follow-up

* Tidal-disruption events
Surveys, 62%

* Targeted Surveys
* 10 nearby galaxies
* 9 low-mass, planet-bearing stars
* 20 high-z SZ-detected clusters
e 20 nearby clusters

* Time Domain Surveys

* Deep survey: Rubin deep drilling fields
* 12 deg?, Daily Cadence
e 1x10'%cgs (X-ray) and 22.5 mag (UV)
 Medium survey: Stripe 82 + Subaru . C ity P
fields, & Rubin deep drilling fields ommunity Frogram
* Impromptu requests from the

* 300 deg?, Weekly Cadence broad community
e 3x101%cgs (X-ray) and 22.3 mag (UV)
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Time-domain Surveys

10713

I lllllll

1

1014

I lllllll

101

I lllllll

X-ray Point Source Sensitivity (erg s'am2)

10

I lllllll

I lllllll

IlllllI

I llllllll

Ne (adence:

— (handra

-= = XMM
Athena

(DF-S

1 lllIlIlI

I llllllll

(handra
(OSMOS

llllll

I IlllllII

Rare and Brief (Goals 1&2) 3
TDEs 3

SNe

CLAGNs

LI | IIIIIII I

STAR-X
Time-demain
Surveys

. .

Rare and Faint (Goal 3)
Protoclusters

High-z dusters

High-z AGN

L )

‘ \

LY

~l
\.I .

eROSITA

<
1 lllllll

l

1-1 Supernovae

2-1Tidal Disruption

2-2 AGN Accretion Flows

| lllllll‘

7/21/2022

0.1 1

10 100 1000

Area (deg?)

-- " -‘.

y

UVT = XRT [ UVT x

-- - o >
Time Time

XRT discovers a shock Weekly X-ray/UV Daily X-ray/UV monitoring

breakout and triggersaTo0 | monitoring rapidly reveals probes accretion disk

to catch cooling in the UV hundreds of new TDEs structure via time lags

3-1 Protodusters 3-2 High-z (lusters Survey Science: 2>6 AGNs

z=3.5 obscured quasar

Surrounding

AGN cluster

STAR-X will witness the
birth of galaxy clusters at

7>3viaAGN dustering and
early intracluster medium

/ (entral
quasar

105 Mg cluster at z=2.8

STAR-X will discover
hundreds of high-z dusters
to trace cluster growth over
CoSmic time

- Chandra FOV

1deg.

STAR-X surveys high-z AGNs
64x faster than Chandra with
a better FOV-averaged PSF
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Study of Core Collapse Supernovae
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Study of High-z Galaxy Clusters
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Why STAR-X and Why Now?

Optical/ Square Kilometre Array
IR/Radio Roman Space Telescope
JWST
Vera Rubin Observatory
o Hubble
ULTRASAT
)S(VA;IIAt-Newton <—— Time-domain X-ray Desert —>
Chandra
X-ray | NICER
IXPE
SRG/eROSITA . Athena
XRISM |

Gravitational
waves

Neutrinos

LIGO+Virgo+KAGRA (Upgraded)
IceCube Gen2

2020

>
2025 2030 2035

STAR-X fills the gap in X-
ray and UV time-domain
coverage in the late
2020s, providing
simultaneous X-ray and
UV observations that
complement optical,
infrared, and
gravitational wave
facilities.



Summary

* STAR-X represents a revolutionary jump in capability.
* STAR-X does great and timely science on its own.

* STAR-X complements and enhances other great
observatories such as JWST, Rubin LSST, Roman WFIRST,
SKA, and Athena.

* STAR-X is a timely response to Astro2020’s
recommendation for “a space-based, sustaining time-
domain and multi-messenger program.”



