THE EXPERIMENT FOR CRYOGENIC LARGE-APERTURE INTENSITY MAPPING (EXCLAIM)
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IV: INSTRUMENT OVERVIEW

Cryogenic Balloon-Borne Instrument:

e 29-37 km altitude at float on either an 11 or 34 million-cubic-foot (MCF) balloon.

e 3500 liters of liquid helium gives ~24 hrs of operation at 1.7 K at float altitude.

e Adiabatic Demagnetization Refrigerator cools the detectors to 100 mK from the 4.3 K

(ground) to 1.7 K (float) helium bath temperature.

e Superfluid He pumps distribute the liquid He to cool the optics.
e M-Spec integrates all the elements of a grating spectrometer - the dispersive element,

filters, and detectors - on a single chip [11,12].

o Phase delay is introduced by a synthetic grating made of superconducting Nb
microstrip lines patterned on both sides of a single-crystal Si substrate [13]. The high
index of refraction of Si shrinks the spectrometers, allowing 6 to fit on a 6” wafer. A 2D
parallel plate waveguide region in a Rowland circle architecture serves as a spatial
beam combiner and focal plane [14]. An order-choosing filter selects the design order.

e Heritage:

o From PIPER (Primordial Inflation Polarization ExploreR) [15]: gondola, housekeeping
electronics, software and ADR designs.

o From BLAST-TNG (Balloon-borne Large-Aperture Submillimeter Telescope - The Next
Generation) [16]: MKID readout.

EXCLAIM Spectrometer & MKID Parameters

I: ABSTRACT

The EXperiment for Cryogenic Large-Aperture Intensity Mapping (EXCLAIM) is
a high-altitude balloon telescope designed to deepen our understanding of star
formation in a cosmological context, shedding light on why the star formation rate
declines and breaks away from the cosmological evolution of dark matter for
redshifts z>2 [1].

EXCLAIM will operate at 420-540 GHz with a spectral resolution of R=512 to
measure the integrated line emission from galaxies and the intergalactic medium
(IGM), in particular CO and [CII] line emissions from the nearby universe out to
redshifts of z~3.5. This approach is known as Intensity Mapping (IM), which
provides efficient access to large cosmological volumes and redshifts with sensitivity
limited by detector noise or photon background, while requiring modest apertures.

The instrument will employ an array of six superconducting integrated
grating-analog spectrometers (u-Spec) with superconducting microwave kinetic
inductance detectors (KIDs) in an all-cryogenic telescope (1.7 K) to achieve near
background-limited sensitivity.

Here, we present an overview of the EXCLAIM instrument and status, with
emphasis on the Attitude Determination & Control System (ADCS) and the thermal
system.

II: SCIENCE
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Cl: EXCLAIM will map neutral carbon emission in the Milky Way,
providing data to determine the co-extensiveness of [Cl] and CO gas
In galactic photodissociation regions (PDRs), and probe existing
assumptions about the [CI]/CO intensity ratios.

Why Cryogenic? In EXCLAIM's wavelengths, the atmosphere and
objects at ambient temperature are much brighter than the
cosmological signal. At balloon flight, the atmospheric column depth
drops dramatically. Additionally, the atomic and molecular lines
narrow because of lower pressure broadening. This opens very dark
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