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The BigBOSS Instrument
Overview
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DAMIC: a novel dark matter experiment
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Abstract: DAMIC (Dark Matter in CCDs) is a novel dark matter experiment that has unique sensitivity to dark
matter particles with masses below 10 GeV. Due to its low electronic readout noise (R.M.S. ⇠3 eV) this instrument
is able to reach a detection threshold of 40 eVee, making the search for dark matter particles with low masses
possible. We report on early results and experience gained from a detector that has been running at SNOLAB from
Dec 2012. We also discuss the measured and expected backgrounds and present the plan for future detectors to be
installed in 2014.
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DAMIC

1 Introduction

The evidence for Dark Matter (DM) has been well established by astronomical observations. This has produced a
large experimental program to directly detect dark matter
in the laboratory. Most of these experiments have been optimized for Weakly Interactive Massive Particles (WIMPs)
with mass above 50 GeV. This large mass is motivated
by the minimal supersymmetric extensions to the standard
model. Detection thresholds of a few keV are typical for
such high mass DM searches, and these experiments are
very close to excluding the most natural region of parameter
space consistent with a supersymmetric particle. Various
other models relating dark matter with the baryon asymmetry favor light dark matter masses ⇠5 GeV [1].
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Figure 5.1: BigBOSS instrument installed at the Mayall 4-m telescope. A
lens assembly and robotic positioner fiber optic focal plane are at mounted
http://www.cbpf.br/~icrc2013/papers/icrc2013-1243.pdf
focus. The yellow trace is a fiber routing path from the focal plane to the
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DAMIC
telescope base at
the2011
end of the fiber runs.
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DAMIC at Snolab
The instrument wavelength
span requirement of 340–1060 nm was dete
need to use galaxy [O II] doublet(3727
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DAMIC: Dark Matter In CCDs
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Thick CCDs and the Cosmic Frontier
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Needs at the Cosmic Frontier
• Can’t change flux of energy from the cosmos!
• Can only change how (and how much) is measured
• Three ingredients:
• Increasing spatial instrumentation (larger volumes/areas, increased
granularity)
• Increasing energy bandwidth
• Increasing readout throughput

New ideas for Instrumentation R&D
• New technology with superconducting detectors
• Commercially available cryogenics (especially cryogen free systems), “worry
free” operation
• Long history of R&D. Understanding of the fundamental of the technology is
“mature”
• Focus on HEP applications... large and very large arrays of superconducting
detectors

Superconducting detectors and Dark Matter
• Transition Edge Sensor (TES) invented by
HEP for Dark Matter
• Future R&D involves:
• Increasing target mass (bigger
detectors, more detectors)
• Lowering energy threshold

WIMP Sensitivity
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Superconducting detectors and CMB
• TES bolometers have led to a milestone achievement, first observation of
CMB B-mode polarization (http://arxiv.org/abs/1307.5830)
Space based experiments
Stage−I − ≈ 100 detectors
Stage−II − ≈ 1,000 detectors
Stage−III − ≈ 10,000 detectors
Stage−IV − ≈ 100,000 detectors

• Future R&D:

Approximate raw experimental sensitivity (µK)
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Superconducting detectors and Dark Energy

Figure 14. A mosaic of the interacting galaxies Arp 147 made
with ARCONS on the Palomar 200”. The data consists of 36
pointing of 1 minute each. To make this image, the data was
cleaned of cosmic rays and hot pixels, wavelength calibrated, and
flat fielded. This processed data for each of the 36 pointings was
o↵set in RA and Dec by the amount requested by our mosaicing
control software and combined. No field derotation was performed.
The false colors were made by breaking the ARCONS data into
three wavelength bands and setting each band to correspond to to
appropriate RGB value. The image was convolved with a Gaussian
to reduce noise below the spatial scale of the seeing, and the image
was adjusted in Photoshop to give an attractive color palette and
remove some minor sky noise artifacts. The inset shows a processed
HST image of Arp 147.

• Kinetic Inductance Detectors for simultaneous imaging and spectroscopy
(spectrophotometry)
• Potential to extend to longer wavelengths (0.1 meV quanta vs 1.1 eV for
semiconductor)
http://arxiv.org/abs/1306.4674

Figure 15. Spectra of Landolt 94-42 (Landolt 1992) on top, and
the G9V star Corot-18 on the bottom, taken with ARCONS on the
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A new and broader approach?
Dark Matter
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Cryogenic systems
Thin film deposition
Micromachining
Microwave electronics

Cross-cutting applications and solutions
Microwave Kinetic Inductance Detector Readout

Microwave SQUID Multiplexer Readout

New opportunities
• Combine CDMS-type detectors with mKID technology for a “CDMS-inspired”
GX? detector
• Fully exploit phonon-based event reconstruction
• Maybe cheaper fab?
• Build CMB bolometer technology into beta-decay micro-calorimeter for
Cosmic Neutrino Background detection
• Extend low-threshold CDMS detectors to coherent neutrino scattering

Superconducting Detector Instrumentation R&D
• Cosmic Frontier needs new detectors with increased spatial instrumentation,
increased energy bandwidth, and increased readout throughput
• Superconducting detector technology has matured where R&D of large
superconducting detector arrays can address these needs for DM, CMB, and DE
• Benefits from sharing limited access/expensive resources (reduced cost),
diversified applications (reduce risk and new opens new opportunities), exchange
of ideas (improved problem solving)
• There is no other program like this for HEP. Success with any single application
would provide unique HEP leadership for that application. Resonates with similar
programs for NASA.

Other ideas?
• SiPM arrays
• potential applications for UHECR and gamma rays
• need large arrays with low power and high bandwidth DAQ
• ASIC readouts

