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Balloon-Borne Largé

28 day stratospheric balloon flight
2.5 m primary mirror
> 3000 dual-polarization sensitive LEKI
across
3 sub-mm bands

o 250, 350, 500 um

o ~0.1pcresolution in

nearby MCs (d ~ 1 kpc)

Second Antarctic campaign
in summer 2019/2020
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BLAST-TNG ‘ROACH2 MOTEL’ 5 slices = 5000 channels
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Key Readout System Requirements

A SPER ROACH2
Parameter Requirement |

RF bandwidth (MHz) 512

Sg / chan (dBc/Hz) < -95

1/f f. (Hz) < 0.5

Data rate (Hz) 200-500

Power dissipation (W) S 60

Time stamp precision (ms) <1

DAC Tone Resolution (Hz) < 1000

Multiplexing Factor 2 500

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

DAC/ADC



In-Flight Readout: Software Challenges

e Channel - frequency mapping (‘KID finding’)
o Keep it consistent over different optical loadings, base temps
e Resonant frequency tracking (tone tracking)
o How often will re-tunes be necessary?
o  Automatically check for retune condition during flight? (auto tune)
o Schedule retunes on regular intervals (no automatic check)
o  What retune condition do we use (cal lamp? LO chop? Noise?)
e Tone power calibration - global (RF attenuators) and local (digital I/Q)
o Required to ensure majority of channels stay photon-noise limited
o Is auto-cal required?
o Isthere a safe window where tone powers can be left for entire flight?
e Software/hardware interface limitations
o How many buttons do we need? Do they work reliably?
o Can one of us just fly with the payload?
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TEMPERATURES
R1 FPGA 20.33
R2FPGA  24.90
R3FPGA  19.98
R4 FPGA 16.79
RSFPGA  22.04  FLIGHT COMPUTERS
R1PPC 19.49  FC1_CMD_COUNT 257
R2 PPC 25.49 FC2_CMD_COUNT 257
R3 PPC 2434 FC_IN_.CHARGE 1
R4 PPC 25.17
R5 PPC 21.47

, CRYOSTATUS
TR_HE3_FRIDGE 0.314276
350 ARRAY TEMP 0.323442
250 LNA ON
350 LNA ON
500 LNA ON
CAL LAMP -0.0474713
ROACH_LAMP_NOW 0

ROACH_ENABLE_CAL_PULSE1

POINTING
ELEVATION  44.8938
AZIMUTH 184.627
SHUTTER CLOSED
RA 18.8178
DEC -56.9892
TIMING
R1_PPS_COUNT 4842
R2_PPS_COUNT 4842
R3_PPS_COUNT 4842
R5_PPS_COUNT 4842

R1_PACKET_COUNT
R2_PACKET_COUNT
R3_PACKET_COUNT
R5_PACKET_COUNT

2.35817e+06
2.35831e+06
2.35844e+06
2.35813e+06

R1_UTC_TIME 668577531
R2_UTC_TIME 668577528
R3_UTC_TIME 668577518
R4_UTC_TIME 668577539
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Timestreams - real-time conversion from I/Q to df with IQ gradient method

Cal lamp chops (every full loop) LO chops (azimuth turnarounds)
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Optical and Temperature Responsivities

Verified using LEKID software model which estimates:
e Quality factors (Q_,Q_, Q,)

Frequency response to dT and dP, : df/dT, df/dP

Quasiparticle number densities

Sensitivity/Noise-equivalent power

Photon-noise

Detector-noise

Amplifier-noise

868.72 868.74 868.76 868.78 868.80 868.82 868.84 868.86

frequency [MHz] frequency [MHz]

Instrumental optical efficiency estimated to be ~ 30%



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

250 um 350 um

500 pum

NEP;,¢q.prop' W/ v/Hz 6.5x 10717 5.5 x 10~
NEPphot,pmpz\X//\/}E 17 x 10717 12 x 10717
NEP,eqpa W/vHz 35 x 10717 35 x 10-17
NEFD p, 224/ 0.13 0.12

Omap MJy/beam per detector  68.75 96.25

Omap MJy/beam 2.17 B8.77

Lnin MJy/st 78.16 49.46

47 x 10717
8.7 x 10717
10.0 x 10717
0.034

39.28

2.27

10.19

! Values from the original BLAST-TNG proposal.

Band  Rp (df/fo)/pW Rr (df/fo)/mK

250 um 1.7 x 107° 9.15 x 1077
350 ha 5:2% 107 151 % 107°
500 um 1.6 x 10~ 391 x 107

Initial Fit

813.04813.10813.16813.22813.28813.34 813.40813.46 813.52
frequency [MHz]

Avg values provided by NIST




Optical Passband Measurement
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Polarization Effic

ency Measurements
250Uum Half'WaVe I.

Pol 1 crosspol effluency 0: 182
Pol 2 crosspol efficiency: 0.128
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Optical tests in Antarctica - without NDF

1e13  Open to room 1e12 Covered with dish Open to room
5 —— Covered with dish

Raw Unit
Raw Unit

T T T T T T T T T T
0 5 10 15 20 0 5 10 15 20
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Wessel diagram for 1Q noise open detector

Open to room
Window covered with Dish

10! 102

Frequency [HZz]

01 Tone powers are optimized over Palestine tests

—10000 +

~20000 1 Discovered WiFi pick up in cryostat

—30000 A

R TSN Planning a couple of days of ground tests
pre-flight

Q [Prop to Voltage] (mean subtracted)

I [Prop to Voltage] (mean subtracted)




Instrument fully integrated

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

First in line this year!




Next steps for BLAST-TNG type readout systems:

IF single board
integration =
SWAP-c reduction

on a Chip (RFSoC) =
- 8X Bandwidth,
'5' j s power dissipation

,’
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