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Thick CCDs and the Cosmic Frontier

• Dark Energy

• Dark Matter

5 THE BIGBOSS INSTRUMENT 97

5 The BigBOSS Instrument

5.1 Overview

The BigBOSS instrument is composed of a set of telescope prime focus corrector optics, a
massively multiplexed, roboticized optical fiber focal plane, and a suite of fiber-fed medium
resolution spectrographs, all coordinated by a real-time control and data acquisition system.
The conceptual design achieves a wide-field, broad-band mulit-object spectrograph on the
Mayall 4-m telescope at KPNO.

Table 5.1 summarizes the key instrument parameters such as field of view, number
of fibers, fiber size and positioning accuracy, spectrograph partitioning, and integration
time, were derived from a blend of science requirements and technical boundaries. These
were derived from a confronting the science requirements for the Key Science Project with
realistic technical boundaries.

Figure 5.1: BigBOSS instrument installed at the Mayall 4-m telescope. A new corrector
lens assembly and robotic positioner fiber optic focal plane are at mounted at the prime
focus. The yellow trace is a fiber routing path from the focal plane to the spectrograph
room incorporating fiber spooling locations to accommodate the inclination and declinaton
motions of the telescope. The two stack-of-five spectrograph arrays are adjacent to the
telescope base at the end of the fiber runs.

The instrument wavelength span requirement of 340–1060 nm was determined by the
need to use galaxy [O II] doublet(3727Å and 3729Å) emission lines to measure the redshift
of Luminous Red Galaxies (0.2 < z < 1) and Emission Line Galaxies (0.7 < z < 1.7) and
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DAMIC: a novel dark matter experiment
JAVIER TIFFENBERG1 FOR THE DAMIC COLLABORATION.
1

Fermi National Accelerator Laboratory, Batavia, Illinois 60510, USA.

javiert@fnal.gov

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.

Keywords: icrc2013, DAMIC, dark matter, CCD, SNOLAB.

1 Introduction
The evidence for Dark Matter (DM) has been well estab-
lished by astronomical observations. This has produced a
large experimental program to directly detect dark matter
in the laboratory. Most of these experiments have been opti-
mized 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 asymme-
try favor light dark matter masses ⇠5 GeV [1].

The DAMIC (Dark Matter in CCDs) experiment is a DM
search using CCDs that can operate at a threshold of 40 eV.
The DAMIC team has performed an engineering run to
demonstrate the technology in a shallow underground site
at Fermi National Accelerator Laboratory using a detector
with 0.5 g of active mass. The results of this run at the
shallow site have produced the best limits for DM searches
with mass below 4 GeV [2]. Based on these results, the
DAMIC Collaboration is now conducting a new run at
SNOLAB with an active mass of 5 g and lower background.

We are also engaged in building the next version of the
experiment (DAMIC-100) that will have sensitivity to cover
the region of the DM parameter space consistent with the
recent experimental hints for DM and achieve the world best
sensitivity for masses below 10 GeV, opening up a region
in the parameter space inaccessible to other experiments.

1.1 Status of Direct DM searches and possible
hint for low mass dark matter

The current status of direct DM searches in the low mass
range is summarized in fig. 1.

The figure shows that there is a set of experiments that
have produced limits that are probing into the high mass
region preferred by supersymmetric model that quickly lose
sensitivity as the DM particle mass is reduced. At the same
time there are claims of experimental results consistent
with the observation of a DM signal [3, 4, 5, 6]. There
is significant tension between these results, because the
region of positive signals is rejected to high confidence
level by some experiments. In particular, the XENON-
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Figure 1: Current 90% C.L. exclusion limits and regions
consistent with observed excess of events for spin in-
dependent dark matter searches by several Collabora-
tions [2, 3, 4, 5, 6, 7, 8]. Also shown are the expected sensi-
tivity ranges for the current setup after 100 days at SNO-
LAB and for the proposed DAMIC-100 after 1 year of data
taking. The gray shaded regions account for the uncertainty
in the background level due to radioimpurities in the CCDs
packaging materials.

100 experiment claims rejection to 90% C.L. of all the
experimental hints for DM [7]. There has been extended
discussion about these results in the literature, including
detailed studies about possible systematic effects that could
influence the different experimental results [9, 10, 11].

In summary, for more than 10 years the DM community
has been puzzled by a possible detection of a low mass DM
particle by DAMA/NaI and DAMA/LIBRA that could not
be confirmed experimentally. Since the supposed signal was
detected using lower energy thresholds than was used in
the the other experiments which excluded their results, their
signal has not been completely ruled out as Dark Matter. In
the past two years there have been three new experimental
hints for the low mass dark signal as shown in figure 1.

DES LSST MS-DESI

DAMIC http://www.cbpf.br/~icrc2013/papers/icrc2013-1243.pdf

http://www.cbpf.br/~icrc2013/papers/icrc2013-1243.pdf
http://www.cbpf.br/~icrc2013/papers/icrc2013-1243.pdf


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
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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)

• Future R&D:

• Larger focal planes

• Expand optical bandwidth to 3 octaves (vs 45%)
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Space based experiments

Stage−I − ≈ 100 detectors

Stage−II − ≈ 1,000 detectors

Stage−III − ≈ 10,000 detectors

Stage−IV − ≈ 100,000 detectors

http://arxiv.org/abs/1307.5830
http://arxiv.org/abs/1307.5830
http://arxiv.org/abs/1307.5830
http://arxiv.org/abs/1307.5830
http://arxiv.org/abs/1307.5830


Superconducting detectors and Dark Energy

• 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)
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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.

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
Palomar 200”. These spectra are flux calibrated. Previous BVRI
photometry is shown as blue points.

ing measured at ⇠1.0” by the Palomar seeing monitor,
and fitting a PSF from this night shows that we recover
this seeing value, indicating that our optics are not lim-
iting our imaging performance.
Extremely high quality imaging and spectra will re-

quire more of our software pipeline to be in place, but
preliminary analyses are presented in Figures 14 and 15.
These images and spectra begin to show the capabilities
of this unique instrument.

7.6. Timing
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Figure 16. The alignment of the radio (red) and optical (blue)
pulses from the Crab Pulsar verify the absolute timing accuracy of
ARCONS.

ARCONS timing performance was measured by simul-
taneously observing the Crab Pulsar with ARCONS and
the Green Bank Telescope (GBT). The data shown in
Figure 16 shows that ARCONS sees an optical pulse lead-
ing the radio pulse by about 150 µs, which is consistent
with previous observations (Shearer et al. 2003).
Measurement of the arrival time of a single photon

should be accurate ⇠2 µs. Currently, there is a delay of
43 µs from the time a photon is absorbed by the MKID
until the photon packet is ready to be sent over the net-
work, opening up the possibility of extremely fast e↵ec-
tive frame rates for certain applications, like wavefront
sensing and speckle control in a coronagraph.

8. CONCLUSIONS

ARCONS is a unique, read-noise free photon count-
ing IFS. With a 2024 MKID pixel array covering a
20”⇥20” field of view, ARCONS is the world’s largest
(and only active) LTD-based instrument in the optical
through near-IR. It is uniquely powerful for observations
of rapidly variable sources.
The ARCONS instrument has performed astronomi-

cal observations, and the first science papers using AR-
CONS data are currently being written. ARCONS and
its successors will continue to improve in pixel count
and yield, spectral resolution, system throughput, and
detector quantum e�ciency. The MKID technology it
uses is extremely scalable, allowing arrays approaching
megapixels within a decade. MKID-based instruments
like ARCONS will start to become a standard part of
the UVOIR observer’s toolkit in the years to come.
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A new and broader approach?

Dark Matter CMB Dark Energy

•Reduce threshold
•Increase mass

•Larger focal plane
•Increase optical bw

•Imaging & Spec.
•Extend IR sensitivity



Cross-cutting resources

Dark Matter CMB Dark Energy

•Reduce threshold
•Increase mass

•Larger focal plane
•Increase optical bw

•Imaging & Spec.
•Extend IR sensitivity

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


