Near Ultraviolet
Transient Explorer

A Near Ultraviolet Imager for Transient Studies



NUTEXx

What is NUTEX..!

e CubeSat-based NUV imaging payload for transient sky
surveys

e Operatesinthe 200-300 nm wavelength range

e Optical system: Ritchey-Chrétien telescope with 146-mm
primary mirror

e Detector: Photon-counting MCP with solar-blind
photocathode + in-house readout

e Wide FoV: 4°; Peak effective area: ~18 cm? at 260 nm

e Science goals: Monitor transients (supernovae, M-dwarf
flares, short-timescale events)

'y e Compact & cost-effective: Designed for deployment on a
‘[ = micro-satellite bus

e Launch scheduled: Q4-2026



NUTEXx

Primary science goals:

e Wide-field NUV time-domain survey: filling the gap left by
previous narrow-field missions

e Supernova progenitors & early explosion physics

e Detect shock breakout and shock-cooling emission in early
UV phases

e Constrain stellar properties: radius, surface composition,
ejecta mass, explosion energy

e Monitoring of transient phenomena across the sky, including
in bright regions (e.g., Galactic plane)

9 e M-dwarf stellar flares in NUV: capture high-energy emission
missed in optical surveys, complementing LSST



NUTEXx

Secondary science goals &
demonstrated capabilities:

e Rapid follow-up of rare events: e.g., GW170817-type neutron
star mergers, peaking in NUTEX sensitivity range

¢ Incidental detection of near-Earth objects (NEOs): possible
during wide-field surveys

e Robustness to bright objects: unlike previous UV missions,
NUTEX tolerates sudden bright/fast transients without
detector saturation

: e Supports long-duration, wide-field monitoring without
interruptions
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Design overview

Parameter

Type

Diameter
Thickness

Central
obscuration

Conic
constant

RoC (mm)

Substrate
Coating

Mass

Primary Mirror

On-axis
hyperbolic

146 mm
28 mm

34 mmdia.

-1.237 £ 0.005

-335.28 £ 0.1

Zerodur
Al + MgF,

1035 gm

Secondary Mirror

On-axis
hyperbolic

64 mm
7.8 mm

NA

—-6.56 £ 0.005

-201.23 £ 0.5

Zerodur
Al + MgF,

150 gm

Lens System

Corrector
lenses

30 mm
5mm

NA

-60.28 £ 0.5

Fused silica
MgF,

50 gm (2x)

:Secondary mirror
:Primary Mirror
:Lens18&Lens2
:Detector
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Design overview

e Onlytwo reflecting surfaces (PM + SM) —
minimizes reflection losses in UV.

e Ritchey-Chrétien design — eliminates spherical
aberration & coma.

e Corrective fused silicalenses — reduce field
curvature & astigmatism, ensuring sharp
images across 4° FoV.

e Al + MgF, coating — stable, durable, and high
reflectivity in UV. — :Secondary mirror

:Primary Mirror
:Lens18&Lens2
:Detector

e Zerodur mirrors — low thermal expansion,
ensures stability in space.
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Design overview

o ~4°field of view — wide enough for transient
surveys while maintaining image quality.

e Effective focal length (476 mm, f/3.3) — balance
between wide FoV and aberration control.

e MCP-based photon-counting detector (40 mm)
— high sensitivity for faint UV signals, matches
optical FoV.

e Compact RPi-based readout unit — proven in
space (SING payload), optimized for
CubeSat-class instruments.

:Secondary mirror
:Primary Mirror
:Lens18&Lens2
:Detector

e Optimized spot size (< 20 pm) — ensures
reliable detection of faint & fast transient events.
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Design analysis

e Effective area quantifies how efficiently the telescope
transmits incident light to the detector (cm?).

e Calculated as:
Ari=AseoXRP xRS xT, | 1 xT, 5 xQE 00
e A geo" geometric collecting area (aperture, central
obscuration, spider)

—— Effective Area (sq cm)
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% - Photocathode QE (%) g
; Reflectivity (%) (0]
o e-- Transmission (%) g
¢ RP, RS: reflectivities of primary and secondary P 5
mirrors. 3 2
E 10
o T, ,,T ,:transmission efficiencies of the two lenses.

° QEMCP(A): quantum efficiency of MCP detector
(Photek specs). 240 260

Wavelength (nm)

° For NUTEX: peaks at ~18 cm? near 260 nm (200-300
nm range).
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Design analysis

e Quantum Efficiency (QE): "
pe

N, photons

QE

-+ Data Points
-- Exponential Fit

e Maximum gain = 10* at 260 nm (peak MCP
response):

G =G )

X X Mphosphor »
QE(Amax) S

Maintained when incident photon events

limited to ~3000
e Shortest exposure: 0.033s (set by readout . I\/:Il;)gnitude (1; 28) 12
unit)

e Leadsto MCP saturation for stars brighter
than AB mag 3.6 — defines bright limit
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Design analysis

e Transient Detection Capability:

e 10% variability in AB mag 9.5 star + Data Points

-- Exponential Fit

detectable with SNR = 5in 10 s exposure
e Performance Visualization:

e Required brightness variation (Am)
across magnitudes shown in
performance curve

e Limiting sensitivity: ~9 AB mag (10 s), 15 PR Lt
AB mag (100 s), and 21 AB mag (1200 s)
atSNR =5.
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Design analysis

e Compared NUTEX sensitivity with
GALEX Flare Catalog (1426 variable
sources).

e Catalogincludes flaring stars,
eclipsing binaries, pulsating stars, and
AGNSs.

—
%

e Simulated expected photon counts for
NUTEX using GALEX flux values.

Galactic Latitude (°)
. o

AN
0]

e Resulting photon count distribution
shown in Figure — NUTEXx vs GALEX.

0}
©
U
v

°

)
o
o
wv
2
c
=]
<]
o
c
S
2
<]
<
o
©
=
©
15

e NUTExexpected to detectalarge = ae T, N
fraction of GALEX-identified events. Galactlc Longltude/(")

e Confirms NUTEX’s potential to
discover new transient phenomena in
NUV.
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Observation strategy

NUTEX will function as an all-sky UV survey mission with
open public data access, i.e. no proprietary period.
Operates in Low-Earth Orbit (LEO), enabling full-sky
coverage in ~2 years.

Thermal control and radiation tolerance ensured through
multilayer insulation and use of space-qualified electronics
validated in previous missions.

Observation planning follows a ~90° Sun-avoidance
constraint and is conducted mainly during orbital night for
optimal UV performance.

Combines continuous sky scanning with targeted monitoring
for time-domain studies.

Canrespond rapidly to transient alerts (e.g., gravitational
wave events like GW170817).

Daily plan: Monitor ~5 targets per day (1 hr each) + survey
mode for remaining time.

STELLAR FLARES

ssssss
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NUTEX structure

e Lightweight modular cage structure chosen
to minimize mass while ensuring
mechanical strength

SM Plate

e Open-frame cage design preferred over
enclosed tubes for easier optical alignment,
multi-side access

e  Mirror mounting strategy: primary and
secondary mirrors bonded to precision
cells on support plates; spider-type
secondary plate reduces optical
obstruction.

PM Plate

Two electronics ]

e Integrated baffle system supports lenses i enclosure boxes
and detector while blocking stray light, Lens &

eliminating need for extra mounts. ~__— Detector
S Assembly

e Compact electronics housing: OBC and
HVPS mounted near primary plate for Total Mass: 4.326 kg
optimal space use and wiring efficiency.
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NUTEX structure

Component Mass Component Mass
(Kg) (Kg)
SM PL
Primary 1.035 Secondary 0.075 e
Mirror (PM) Mirror (SM)
Lenses 0.050 Detector 0.825
Assembly
PM Plate 0.396 SM Plate 0.153 = ;
(spider) ; L PM Plate
Internal Baffle 0.192 Cage 0.263
Electronics 0.356 Electronics 0.200 S Two electronics
[276)'¢ enclosure boxes
Lens &
Lens Housing 0.100 PM Cell 0.168 S : Detector
— Assembly
SM Cell 0.063 Fasteners 0.150

Total Mass: 4.326 kg
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NUTEX structure

54%: Structure
54%

Of the total payload mass is constituted by the
mechanical structure

29%: Optics

-

Vs
-

~N
J

29%

Of the total payload mass belongs to the telescope
optics

-
-

17%: Electronics

Optics includes: Primary mirror,
secondary mirror, lenses & detector

O
17%
@ Structure includes the fixtures,

telescope body & enclosures for the Of the total payload mass belongs to the electronics

Electronics includes: Readout unit, subsystems subsystem
OBC and communication unit
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Finite element analysis (FEA)

e  Structural simulations (FEA) ensure the
payload’s reliability under launch and
on-orbit conditions.

e Analyses performed: Static, Thermal, and Mode Frequency (Hz) Mode Frequency
Modal (Frequency Response). (Hz)

e Modal analysis checks that the payload’s 1 502.79 6 1,494.6
natural frequencies avoid resonance with
PSLV launch vibrations. 2 511.87 7 1,843.3

e Modal test confirms payload avoids 3 621.40 8 1,859.4
resonance with PSLV vibrations.

4 761.23 9 2,060.4

e First natural frequency = 500 Hz — well

above 100 Hz requirement. 5 911.11 10 2,151.0

e Majormodes: 1843 Hz (X), 2222 Hz (Y),
2691 Hz (Z) — show highrigidity.
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Finite element analysis (FEA)

Frequency vs Effective Mass Participation Factor (EMPF)

1843 Hz

2691 Hz

° Dominant modal frequencies: 2222 Hz

o Mode 7 (X-dir): 1843 Hz (36%)
o) Mode 11 (Y-dir): 2222 Hz (29%)

o Mode 16 (Z-dir): 2691 Hz (32%)
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° Overall dynamic participation up to 80% of total mass — strong structural robustness.
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Finite element analysis (FEA)

e Evaluated structural response under
quasi-static launch loads (25g) along X, Y,

and Z axes. von Mises (Npe2)
.: 2.970e+04
e Von Mises stress analyzed for each load . 2.641e+04
direction. g L 231es04
- 1.981e+04
e Maxstress: 1.47 x 10° N/m? (Y-axis load | 1.652¢+04
case). | 1.322e+04
- 9.%22e+03
e Factor of Safety ~ 200 — well within safe L 6.6250+03
design limits. > 3.328e.403

3.080e+01

e Confirms excellent structural integrity mALLE R
under launch conditions.
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Electronics subsystem

Central to data acquisition, storage,
and satellite communication.

Built with COTS components for
compact, low-power, and cost-efficient
design.

OBC: STM32 microcontroller, modular
and adaptable to NUTEX.

Power drawn from satellite bus,
down-converted to required voltages.

Communication via RS-485
(UART-compatible), aligned with ISRO
POEM platform.

Laboratory validation using
Arduino-based peripheral emulation
confirmed OBC functionality.

Satellite Bus

NUTEXx Payload

LVPS
Low Voltage Power Supply

Communication Unit

HVPS
High Voltage Power Supply
EN On-board
* Sensors

UART
~ >
— >
L ———

MCP Photon
Counting Detector
(PCD)

19

DC/DC
converter

STM32
Microcontroller

On-board Computer
(OBC)
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Assembly, Integration & Testing

e  Structural components fabricated from AL-6061T6 and
black anodized to reduce scattering.

e Model philosophy: Qualification Model (QM) —
Engineering Model (EM) — Flight Model (FM).

e QM: 3D-printed in-house to validate assembly
procedures.

e EM: Fabricated and assembled in Class-100K
cleanroom at MGKM Lab, CREST, lIA.

e Integration: Prototype electronics mounted,;
compatibility for thermovac and vibration tests verified.

e Purpose: Ensure EM readiness for environmental
qualification without re-work before FM flight.
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Summary:

e Launch: Scheduled for Q2-2026.

e Optical components: Manufactured, coated, stored in
Class-1000 cleanroom.

e Mechanical elements: In fabrication; completion expected
October 2025.

e Assembly & integration: At MGKM Laboratory, IIA (CREST
Campus), previously supported UVIT payload.

e Engineering & flight models: EM will undergo vibration and
thermal-vacuum tests.

e 3D-printed model: Built to verify structural feasibility and
integration compatibility.

e Onboard electronics: OBC, power supply, and
communication units developed in-house; system-level
validation pending.
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Summary:

Mission Class
Wavelength Range
Aperture Diameter

Detector Type
Field of View (FoV)

Effective Area

Dimensions
Mass

Launch Readiness

CubeSat-based NUV imaging payload
200-300 nm
146 mm
40 mm photon-counting MCP detector
4° circular

Peak: 18 cm?> @260 nm; Mean: 15 cm?
across band

325 mm x 166 mm x 166 mm
4.326 Kg

Completion by January 2026 & Launch
scheduled for Q4-2026
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Timeline;

Development of Electronics subsystem

You’re here..!

A

2021 2022 2023 2023-24 March-2025 June-2025 Aug-2025 Sept-2025 Nov-2025 Jan-2026
Start l l l
: Structure
Optical Design of fabricated
Design the EM (AIT)
; structure v Electronics EM ¢
subsystem Assembled
Fabrication Optics for the EM
of Optics EM fabricated qualification

tests



