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● 28 day stratospheric balloon flight
● 2.5 m primary mirror 
● > 3000 dual-polarization sensitive LEKIDs 

across
 3 sub-mm bands

○  250, 350, 500 µm
○ ~0.1 pc resolution in

nearby MCs (d ~ 1 kpc)
● Second Antarctic campaign

in summer 2019/2020

The Next-Generation
Balloon-Borne Large-Aperture Submillimeter Telescope
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BLAST-TNG ‘ROACH2 MOTEL’   5 slices = 5000 channels





Key Readout System Requirements

CASPER ROACH2 

Passively cool FPGA, PPC to < 80° C
Power/pixel ~ 60 mW

PPC MUSIC 
DAC/ADC

FPGA



In-Flight Readout: Software Challenges 
                                 ● Channel - frequency mapping (‘KID finding’)

○ Keep it consistent over different optical loadings, base temps
● Resonant frequency tracking (tone tracking)

○ How often will re-tunes be necessary?
○ Automatically check for retune condition during flight? (auto tune)
○ Schedule retunes on regular intervals (no automatic check)
○ What retune condition do we use (cal lamp? LO chop? Noise?)

● Tone power calibration - global (RF attenuators) and local (digital I/Q)
○ Required to ensure majority of channels stay photon-noise limited
○ Is auto-cal required?
○ Is there a safe window where tone powers can be left for entire flight?

● Software/hardware interface limitations
○ How many buttons do we need? Do they work reliably?
○ Can one of us just fly with the payload?
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Timestreams - real-time conversion from I/Q to df with IQ gradient method

Cal lamp chops (every full loop)

No NDF (single channels, ice)
244 Hz

LO chops (azimuth turnarounds)

Filtered timestreams with NDF
30 Hz



Optical and Temperature Responsivities 
                                 Verified using LEKID software model which estimates:

● Quality factors (Qr , Qc , Qi )
● Frequency response to dT and dPabs: df/dT, df/dP 
● Quasiparticle number densities
● Sensitivity/Noise-equivalent power
● Photon-noise
● Detector-noise
● Amplifier-noise

Instrumental optical efficiency estimated to be ~ 30%



Avg values provided by NIST

Pre-flight characterization in Palestine - readout power not optimized → sensitivities are upper limits



Optical Passband Measurement



Optical Passband Measurement



Polarization Efficiency Measurements
Half-wave Plate Pos 1

Half-wave Plate Pos 2



Optical tests in Antarctica - without NDF

Tone powers are optimized over Palestine tests

Discovered WiFi pick up in cryostat

Planning a couple of days of ground tests 
pre-flight



Instrument fully integrated

Spending the winter in the high bay 
on a snow berm at LDB

First in line this year!
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Next steps for BLAST-TNG type readout systems:

Image: Eric WeeksImage: Phil Mauskopf

IF single board 
integration =
SWAP-c reduction

Xilinx RF System
on a Chip (RFSoC) = 
8X Bandwidth, 
⅓ power dissipation



Thanks!
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