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Why	Neutrinos?	Why	AntarcAca?	
Neutrinos are neutral sub-atomic particles that barely 
interact with matter. They can travel unimpeded through 
vast quantities of space, despite obscuring dust, etc.  
 

Neutrinos can potentially be used as a telescope to see 
inside the obscured galactic core, etc.  But because of 
how weakly neutrinos interact with matter, one needs an 
enormous amount of mass to detect rare extra-solar 
neutrinos.  
 

Antarctica has lots of ice that can be used as a detector 
medium, and that ice is substantially transparent to the 
radiation that can be used to detect the interactions 
between neutrinos and ice nuclei.  
 



The	IceCube	Experiment	–	South	Pole	

Figure: IceCube Collaboration. 



The	IceCube	Experiment	

The hot-water “drill” 

The last of over 5,000  
Digital Optical Modules 

Photos: IceCube Collaboration. 



IceCube	Digital	OpAcal	Module	

Credits: IceCube Collaboration. 

(3) The Cable Network, which connects DOMs to the DOMHub and
adjacent DOMs to each other.

(4) The Master Clock, which distributes time calibration (RAPcal)
signals derived from a GPS receiver to the DOMHubs.

(5) The Stringhub, a software element that, among other tasks,
maps Hits from DOM clock units to the clock domain of the
ICL and time-orders the Hit stream for an entire string.

Together, these elements capture the PMT anode pulses above
a configurable threshold with a minimum set value of !0.25
single photoelectron (SPE) pulse height, and transform the
information to an ensemble of timestamped, time-calibrated,
and time-ordered digital data blocks.

2.3. The DOM—overview

The DOMs main elements are a 25 cm diameter PMT
(Hamamatsu R7081-02), a modular 2 kV high voltage (HV) power
supply for the PMT, a separate passive base for PMT operation, the
DOMMain Board (MB), a stripline signal delay board, and a 13mm
thick glass sphere to withstand the pressure of its deep
deployment. A flexible gel provides support and optical coupling
from the glass sphere to the PMTs face. Fig. 2 is an illustration of a
DOM with its components.

The assembled DOM is filled with dry nitrogen to a pressure of
approximately 1

2 atmosphere. This maintains a strong compressive
force on the sphere, assuring mechanical integrity of the
circumferential seal during handling, storage, and deployment.
The DOM provides built-in electronic sensing of the gas pressure
within the assembled DOM, enabling the detection of a fault
either in the seal or failure of the PMT vacuum.

The PMT is operated with the photocathode grounded. The
anode signal formation hence occurs at positive HV. This analog
signal is presented to the DOM MB signal path, DC-coupled from
the input to a digitizer. At the input, the signal is split to a high-
bandwidth PMT discriminator path and to a 75ns high quality

delay line, which provides enough time for the downstream
electronics to receive a trigger from the discriminator.

The DOM MB (Fig. 3), the ‘‘central processor’’ of the DOM,
receives the PMT signals. After digitization, the DOM MB formats
the data to create a Hit. High-bandwidth waveform capture is
accomplished by an application specific integrated circuit (ASIC),
the Analog Transient Waveform Digitizer (ATWD) [9]. Data is
buffered until the DOM MB receives a request to transfer data to
the ICL.

In addition to the signal capture/digitization scheme, the use of
free-running high-stability oscillators in the DOMs is an innova-
tion that permits the precise time calibration of data without
actual synchronization, and at the same time creates negligible
impact on network bandwidth. Timestamping of data is realized
by a Reciprocal Active Pulsing (RAPcal) [10] procedure, which is
described in Section 4.7.

The DOM includes a ‘‘flasher’’ board hosting 12 LEDs that can
be actuated to produce bright UV optical pulses detectable by
other DOMs. Flasher board LEDs can be pulsed either individually
or in combinations at programmable output levels and pulse
lengths. They are used to stimulate and calibrate distant DOMs,
simulate physical events, and to investigate optical properties of
the ice. In addition, the DOM MB is equipped with an ‘‘on-board
LED’’, which delivers precisely timed, but weak signals for
calibration of SPE pulses and PMT transit times. A complete
description of the DOM MB, including its other functions, can be
found in the next section.

2.4. DOM MB technical design

The DOM MBs primary components are identified in Fig. 4,
while the functional blocks are shown in Fig. 5. The top of Fig. 5
shows that the analog signal from the PMT is split into three paths
at the input to the DOM MB. The top path is for the trigger. Below
it is the main signal path which goes through a 75ns delay line
and is then split and presented to three channels of the two

ARTICLE IN PRESS

Fig. 2. A schematic illustration of a DOM. The DOM contains a HV generator with
divides the voltage to the photomultiplier. The DOM Mainboard or DOM MB
digitizes the signals from the phototube, actives the LEDs on the LED flasher board,
and communicates with the surface. A mu-metal grid shields the phototube
against the Earth’s magnetic field. The phototube is optically coupled to the
exterior Glass Pressure Housing by RTV gel. The penetrator provides a path where
the wires from the surface can pass through the Glass Pressure shield.

Fig. 3. A photograph of the DOM MB. The diameter of the circuit board is 274mm.
This circular circuit board communicates with the surface and provides power and
drives the other electronics board inside the DOM. This photograph shows the
location of the components, which are described in the text.
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Figure 3: Components of the DOM, showing mechanical layout (left) and functional connections
(right).

DOMs transmit their data to computers in the ICL over a twisted wire pair that also provides
power (section 4). Wire pairs are bundled to form the vertical in-ice cables and the horizontal
surface cables. Each wire pair is shared between two DOMs, with data transfers initiated by a
surface computer. Separately, dedicated local coincidence (LC) wiring to neighbor DOMs above
and below allows quick recognition of neighboring coincident hits, where nearest or next-to-nearest
neighbors are hit within a common time window. The time window is configurable and is set to
±1 µs for both in-ice and IceTop DOMs. The signals are forwarded from one DOM to the next
through the dedicated wiring. The span of the forwarding is software-configurable and is currently
set to two for in-ice DOMs, i.e. a DOM signals its neighbor and next-to-nearest neighbor DOMs
in both up and down directions along the string. The local coincidence connections for IceTop,
which allow coincidences between the two tanks in a station, are described in ref. [24]. Local
coincidence hits (“HLC” hits) often have complex PMT waveforms indicating multiple photons
detected in each DOM and are therefore saved in full detail; otherwise, the DOM saves abbreviated
information appropriate to single photon detection (section 6.3.4).

The DOM is capable of interpreting commands from the surface that specify tasks for con-
figuration, data-taking and transmission, monitoring or self-calibration. Self-calibration functions
establish PMT and amplifier gains as well as sampling speed (section 3.1). The RAPCal system
(section 3.3) is implemented for tracking each local DOM clock’s o↵set from universal time, al-
lowing PMT pulses that were independently recorded in many DOMs to be built into events by
surface computers.
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SCA	to	ATWR	to	ATWD:	IceCube	

Stuart Kleinfelder, U.C. Irvine 

Advanced Transient Waveform Digitizer 
with on-chip channel-parallel digitization. 
 
Used in AMANDA, IceCube, KamLAND  
 
In IceCube:  
•  Four channels combined to create 

equivalent of 14-bit ADC. 
•  Two chips used per photomultiplier 

tube for dead-time reduction. 

Advanced Transient Waveform Recorder 
(Kleinfelder, 1992) 
 
•  First multi-GHz Switched Capacitor Array. 
•  5 G-samples/s acquisition speed,  
•  4 Channels of 512 samples/channel. 
•  1.2 µm 2-metal CMOS. 
•  350+ MHz B.W. 
•  11+ bits RMS dynamic range. 



IceCube	Main	Board	

Credits: IceCube Collaboration. 
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Figure 5: Data flow diagram for recording and processing of PMT waveforms in the DOM to form
"Hit Records" that are sent to the surface DAQ computers. As shown by dashes, full waveform data
are only included when neighbor DOMs report time-coincident signals above the SPE discriminator
threshold. Additionally, data from low-gain channels are omitted for waveforms that are within
range of higher-gain channels.

The ATWD recording duration is 427 ns. This is su�cient for reconstructing light produced
within tens of meters of a DOM, but photons from farther away may arrive over a broader time
interval due to the optical scattering of the ice. Such distant signals are also lower in amplitude, and
the information is captured in the 10-bit 40 Msps fADC. The fADC samples continuously, and the
FPGA is programmed to save an interval of 6.4 µs after the launch. Its amplifier provides a dynamic
range comparable to the high-gain ATWD channel, but has extra pulse shaping to accommodate
the lower sampling speed. An example of a digitized waveform with multiple pulses is shown in
figure 6.

Every digitizer launch results in a “hit” record. Hits are transferred from the FPGA to SDRAM
lookback memory (LBM) via Direct Memory Access (DMA), and the Main Board CPU bundles
them and sends them on request to the surface computers. The amount of information included in
a hit depends on whether a signal was also detected in one of the neighboring DOMs. In case of
an isolated signal (no coincidence), only a time stamp and brief charge summary are sent, and the
digitization process is aborted. Conversely, when a nearest or next-to-nearest neighbor DOM also
signals a launch within ±1 µs (local coincidence), the full waveform is compressed and included
in the hit record. The LC signaling operates via digital pulse codes sent on the extra wire pairs
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Example	Waveforms	

Credits: IceCube Collaboration. Figure 6: The same signal sampled in the ATWD (top) and the fADC (bottom): the ATWD record-
ing duration is 427 ns whereas the fADC recording duration is 6.4 µs. Energy reconstruction in
IceCube uses the charge and time recorded in the waveform [21].

described in section 2.2.2.
As explained in ref. [27], two sets of ATWD chips are operated alternately in order to reduce

deadtime; the second ATWD is available to launch during the digitization step of the first, after a re-
arm delay of 50 ns. Significant deadtime only occurs after two back-to-back launches and depends
on how many ATWD channels are digitized, and whether the initial hit had an LC condition. Since
the full waveform is not needed in the absence of LC, the digitization can be aborted early, and the
ATWD channels can be cleared and reset. The timing sequence for back-to-back hits is shown in
figure 7.

The total accumulated deadtime for each individual DOM is measured by counting discrim-
inator crossings when both ATWDs and the fADC are not acquiring data. This deadtime varies
seasonally based on the atmospheric muon flux [24]. The median fractional deadtime during a
high-rate period for in-ice DOMs is 6.6 ⇥ 10�5, for IceTop low-gain DOMs is 7.2 ⇥ 10�6, and for
IceTop high-gain DOMs is 3.2 ⇥ 10�3.

2.2.6 Flasher Board

Each DOM contains an LED Flasher Board, which is used to generate light in situ for a variety of
calibration purposes [23, 31], including:

1. Verifying the timing response of the DOMs throughout the analysis software chain.
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IceCube	Experiment:	Events	

Figures: IceCube Collaboration. 

Two of the most powerful neutrino events recorded by IceCube:  
 Peta electron volts (1015 eV = 1.6x10-4 Joules).  

Spheres indicate triggered Digital Optical Module outputs. 
Size of spheres indicates the number of photons collected. 
Color indicates photon arrival time (red = earlier, blue = later). 



ARIANNA	on	the	Ross	Ice	Shelf	
78°	44.534'	S,	165°	02.438'	E	
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They stream by the tril-
lions through all of us, and
through planet Earth itself,
yet they hardly interact at

all with
matter.

And the
latest ef-
forts to
catch these
strange,
ghostly par-
ticles, called
neutrinos,
involve a
high-tech

hunt across the frozen land-
scape of Antarctica.

Leading much of the
chase is UC Irvine’s Steven
Barwick, a physics and as-
tronomy professor whose
work on neutrinos since
1991 helped lay the ground-
work for a quarter-mile-
wide neutrino catcher
called IceCube – more than
5,000 globe-like detectors
strung on vertical cables
beneath the ice.

Barwick and UCI col-
league Gaurang Yodh were
among the hundreds of au-
thors of a new paper an-
nouncing a stunning result:
what might be IceCube’s
first capture of neutrinos
from beyond the solar sys-
tem.

“It’s a very hard experi-
ment,” Barwick said in a re-
cent interview at his cam-
pus office, with its white-
board covered with equa-
tions and models of
neutrino detectors on his
desk. “If true, it would be,

really, an important break-
through.”

A second effort, led by
Barwick, involves deploy-
ing researchers across an
ice shelf to set up a separate
network of detectors that
relies on radio waves.

For physicists, the hunt
for neutrinos from deep
space is more than just the
physical challenge of snag-
ging one of nature’s weir-
dest and most elusive parti-
cles.

They are trying to “build
a new kind of telescope”
that peers at the universe
using neutrinos instead of
light, Barwick said.

“Maybe your grandchil-
dren will say, ‘I can look
through the universe with
neutrino eyes,’ ” he said.

INTO DEEP SPACE
Neutrinos interact so lit-

tle with matter that they ar-
rive in our detectors in pure
form, undistorted by mag-
netic fields, dust or radi-
ation. That could allow sci-
entists to peer into the
hearts of some of the uni-
verse’s most exotic objects:
an exploding star, for exam-
ple, or the turbulent swirl
around a black hole.

But the same properties
that keep these particles in
such pristine condition also
make them extremely diffi-
cult to detect.

“That’s the problem with
this science,” Barwick said.
“You’re trying to detect a
needle in a haystack, but
the needle looks just like the
hay.”

IceCube relies on photo-
multipliers, the instru-
ments inside the thousands
of glass globes strung be-
neath Antarctic ice that

look for tiny flashes of blue
light.

The second detector ar-
ray, on the ice shelf, looks
for telltale radio signals.

In both cases, the detec-
tor arrays are searching for
echoes of a passing neutri-
no.

Every now and then,
among the streaming tril-
lions, a neutrino bumps into
a hydrogen or oxygen atom

in the ice around IceCube’s
detector globes.

That creates a spray of
other particles that emit
the blue flash, a kind of
shockwave, called Cheren-
kov radiation.

By tracking the strength
of the flashes and their di-
rection through the detec-
tor array, scientists can de-
termine the path of the neu-
trino.

And the $279 million Ice-
Cube uses the entire planet
Earth as a kind of filter.
Neutrinos are the only par-
ticles able to pass complete-
ly through the planet with-
out touching anything, so
neutrinos coming up from
the center of the Earth are
unaccompanied by other
subatomic “noise.”

“Neutrinos can get
through there, for the most
part, but other particles
can’t,” Barwick said. “Your
dark sky is down.”

In the new IceCube pa-
per, published last month in
the journal Science, an in-
ternational team of physi-
cists reported detection of
28 neutrinos that appeared
to be from outside the solar
system. They were detect-
ed between 2010 and 2012.

TUNING IN
On the second ice-shelf

array, called ARIANNA, de-
tectors listen for radio
waves. A radio wave is gen-
erated in the ice beneath by
the spray of particles after a
neutrino strike; the wave
then bounces off the water
below the ice and is reflect-
ed back to the surface and
into the waiting detectors.

Although Barwick’s
team, including engineer-
ing professor Stuart Klein-
felder, is still setting up
what will eventually be an
array of 960 detectors on
the surface of the ice shelf,
ARIANNA’s potential for
capturing exotic neutrinos
is even greater than that of
IceCube, he said.

“The neutrinos that we’d
be doing with ARIANNA
are called cosmological
neutrinos,” he said.
“They’re made throughout

the universe, including the
very earliest times. So it’s
almost certain we would be
able to look back maybe one
third, maybe a quarter of
the current age of the uni-
verse.”

For now, identifying the
sources of high-energy neu-
trinos – “cosmic accelera-
tors,” as Barwick calls them
– is beyond the grasp of ei-
ther detector.

But once they achieve
this higher resolution, the
neutrino telescopes will, in
a sense, be “focused,” re-
vealing crisp details of the
inner life of powerful, ener-
getic objects such as qua-
sars and gamma-ray bursts
from exploding suns.

“It’s kind of like the ‘Field
of Dreams,’ ” said Barwick,
referencing a 1989 movie
about ghostly baseball play-
ers. “Once it’s made,
they’re going to come, be-
cause there’s nothing to
stop them. That applies to
neutrinos made in the very
early universe. Once
they’re made, they’ll just
keep flying until they get to
us.”

NATURE’S GHOSTLY MESSENGERS 

ED CRISOSTOMO, ORANGE COUNTY REGISTER

UCI professor
Steven Barwick
holds an ele-
ment of the
Antarctic Muon
and Neutrino
Detector Array,
a predecessor
to IceCube at
the South Pole.

UCI neutrino
project may lead

to a giant leap
in astronomy.
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“Maybe your grandchildren will say, ‘I can
look through the universe with neutrino
eyes,’ ” UCI’s Barwick says. 

JUST WHAT IS A NEUTRINO?
Neutrinos are considered fundamental particles

but are among the strangest. They have a tiny
mass, less than 1 millionth that of the next-lightest
particle. They carry no electric charge and also
rarely interact with matter, so can glide through
almost anything, and come in three “flavors” they
switch among as they travel through space: the
electron, muon and tau neutrinos. 

The word “neutrino” was coined in the early
1930s, but no one figured out how to detect the
theoretical particles until 1956, when Clyde Cowan
and Fred Reines observed the particles coming
from a nuclear reactor in South Carolina using a
fluid-filled detector. 

Reines, who died in 1998, was a founding dean
of the School of Physical Sciences at UC Irvine in
1966. He received a Nobel Prize for his work. 
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Power	Tower	and	CommunicaAons	



AmplificaAon	and	System	Boxes	
Amplifier box contains 4 
channels, N-type inputs, 
BNC outputs. 

System box encloses all 
DAQ electronics, WiFi and 
Iridium  modules, 20 Ah 
LiFePO4 batteries and 
battery management unit, 
“heartbeat” output, 
external trigger input, 
power control and 
conditioning, etc.  

Boxes can be bolted 
together or kept separate.  



GaAs	Amps,	0.05-0.5	or	1.0	GHz	

	



ARIANNA	Electronics	System	Diagram	

Figure 7.1: Block Diagram of the 8-Ch DAQ System

RF pulse crosses the threshold, the SST chip will trigger an event, which is sent to the on-

board Xilinx Spartan 3AN FPGA. After receiving the trigger signal, the FPGA will cease

the acquisition phase and begins the readout phase on the SST chip. The sampled analog

signal is readout and digitized by the onboard 12 bit TI ADS7886 ADC. The digitized data

is forwarded to the FPGA and stored in its block ram. The entire system is overseen by the

MBED micro-controller which are based on ARM Cortex-M processors. The MBED later

forwards the data form FPGA to the /muSD card. The data acquisition system samples

at 1 Gsamples/s using a 512MHz clock. The FPGA controls the SST chip independently,

allowing the MBED to perform other critical functions. The system features a secure digital

166



SST	Overview	
•  High-speed LVDS clock input with on-chip 2x clock 

multiplication. 
•  Only 3 active controls for operation : Reset, Run/

Stop, Read CK.  
•  2 comparators per channel plus flexible trigger 

coincidence logic.  

•  0.25 µm CMOS. 
•  Dynamic fast S.R. 
•  CMOS sample switches. 
•  M-I-M capacitors (80 fF). 
•  APS-style readout. 
•  Stop position readout. 
•  6-stage comparators. 
•  Trigger pulse-stretching.  
•  Differential or single-ended 

trigger outputs with flexible 
output voltages. 

•  1.9V input range. 
•  12 bits dynamic range 
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SST	Noise	=	0.34	mV	RMS		(12	bits	S/N)	



SST	Comparator	and	Trigger	Circuitry	



Example	SST	Trigger	Performance	

8 mV high, 500 pico-second wide pulse 

Trigger out 



CalibraAon	by	Simulated	Annealing	
•  Start with an assumption about the timing FPN, e.g. from simulation 

or by assuming that every sample is the same width (e.g. 500 ps at 
2 GHz).  

•  Add Gaussian noise to each bin width – this is a tentative new 
calibration.  

•  Compute the net timing error using a set of calibration data, e.g. 
sine waves, neutrino templates, etc.  

•  If timing error is greater than the previous best calibration, discard it. 
•  If better than the last best calibration, the tentative calibration 

becomes the new one. This is the “greedy” option, in which every 
time a better calibration is obtained, that one is used. This does not 
work if the timing is not monotonic! 

•  Lower the temperature, here meaning how much noise is added. An 
adaptive temperature reduction lowers the temperature in an 
asymptotic fashion towards zero (smaller delta-t’s at every step).  

•  Stop when some arbitrarily-low temperature is reached.  



Uncorrected	Intra-Channel	Timing	

Stuart Kleinfelder, U.C. Irvine 

•  Uncorrected timing FPN (every cell = 500 ps).  
•  Average sigma (errors in period measurements) = 8.4 ps. 

!



Corrected	via	Simulated	Annealing	

Stuart Kleinfelder, U.C. Irvine 

•  Average sigma reduced from 8.41 ps to 2.16 ps.  

!



Cross-CorrelaAon	Timing	Imprecision	



3	GHz	SST	Layout	

•  4 channels of 512 samples per channel in 0.18 µm CMOS. 
•  Synchronous 3 GHz sampling, common-start or common stop 

with 0.66 ps start/stop time. Fast (<500 ps) trigger + trigger logic.  

•  Research goal is to substantially reduce timing FPN errors and 
to reduce or eliminate the need for FPN corrections.   



Travel	to	AntarcAca	from	N.Z.	





Securing	Cargo	



Flying	–	About	5	Hours	



The	Cockpit	





Mts. Terror and Erebus. 





Scok	Base	(N.Z.)	





Scok	Base	(N.Z.)	



Field	Survival	Training	



Helo flight to the Ross Ice Shelf 



Panoramas	on	the	Ross	Ice	Shelf	Camp	



Cook	Tent	and	Sleeping	Tents	



Life	Inside	the	Cook	Tent	



In	the	Science	Tent	





Yes,	it’s	Cold	in	AntarcAca	

Photo Credit Chris Persichilli 



Working	on	the	Ice	







“StaAon	50”	Under	Deployment	



ReflecAon	Studies	Transmiker	Horn	

Prof. Stuart Kleinfelder, U.C. Irvine 



Bounce	Study	Precision	

Prof. Stuart Kleinfelder, U.C. Irvine 
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Example	On-Line	Status	Charts	



Live-Ame	vs.	Calendar	Time	
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Livetime and sensitivity of the ARIANNA Hexagonal Radio Array Anna Nelles
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Figure 2: Fraction of day in which stations are operational as a function of time. Shown are examples of
a station with functional battery (black line) and without (red line). The shaded regions in the background
indicate the fraction of a day in which the Sun was higher than a certain angle above the horizon. The Sun
sets for Antarctic winter on April 20th.

32 GB of solid-state data storage, system control and monitoring, a solar power tower and battery
backup. Two communication modalities have been incorporated: The stations can receive com-
mands and transmit data by long-distance wireless via a repeater, or they can do so by Iridium
short-burst data messaging. For the latter, the bandwidth is limited to about 300 bytes per message,
but on-site tests of low trigger-rate configurations have shown that this can be sufficient for real-
time data transmission. The Iridium communication consumes less power and does not rely on a
relay-tower. Two generations of ARIANNA station electronics have been deployed in two stages.
Three HRA sites, plus site X, contain the first ATWD generation as discussed in [5]. Four newer
stations are based on the SST data acquisition chip and consist of a single data acquisition board, as
opposed to a motherboard plus daughter-card arrangement. They are considerably less expensive,
use one third the power, offer deeper analog waveform capture (4 channels of 256 samples at 2 G-
samples/s per chip) and include a simplified yet high-performance trigger system [8]. The updated
stations also include improved amplifiers with flatter frequency response, greater stability and the
integration of all band-pass filtering.

3. Array performance

The current array has been operational between December 2014 and April 2015, limited by
winter’s permanent night on the Ross Ice Shelf.

3.1 Rates and Livetimes

Figure 2 shows the fraction of a day in which a station was operational. Two stations are
shown, one with a battery and one in which the battery failed. The station with battery consistently
shows an uptime of more than 90%. This station was up and taking data for a total of 121 days
during this season. The deadtime is typically less than 6%, which is primarily determined by the

3

Red:   A station without a battery, operating on solar power only. 
Black:  A station with a 20 Ah battery (nominal at room temperature). 



R.F.	Environment	on	the	Ross	Ice	Shelf	



Cosmic	Ray	Search	



Simulated	vs.	Real	Air	Shower	Event	
Cosmic-ray capabilities of the ARIANNA neutrino experiment Anna Nelles

Figure 1: Left: Typical simulated template of a cosmic ray signal for one of the dedicated cosmic ray
stations. Right: Measured cosmic ray signal in season 2016.

Figure 2: Left: Overview of the procedure to identify cosmic ray signals in one of the dedicated cosmic ray
stations. Shown is the average correlation of the waveform with all signal templates (simulated air shower
signals) as function of maximum signal amplitude. The grey background shows the predicted signal space
from simulations, while the markers indicate the measured data. The dashed line separates cosmic rays from
background. This cut retains more than 99% of the signal. For more details see [3]. Right: The influence
of noise on the correlation. Shown is the correlation between two parallel antenna channels as function of
maximum signal amplitude of detected cosmic rays. The data is from a new dedicated station that has four
upward facing channels. The figure shows that the signal amplitude dominates the correlation. Given that the
noise is almost constant at the ARIANNA site and in the relevant bandwidth, this shows that the influence of
the noise dominates the correlation, as predicted from simulations. This result gives additional confidence
in the quality of the simulations.

2

Left:   A typical simulated cosmic ray template. 
Right:  A typical acquired cosmic ray candidate event. 



Cosmic ray station 
Upward pointing channels 2,3 

Better low-frequency resolution 
Signal detection in forward direction

ARIANNA 
HRA

December 
21st 2015

1450734371 
UTC

    Zenith = 75 +- 2 deg 
Azimuth = 47 +- 2 deg 

Back lobe 

Back lobe 

Back lobe 

Back lobe 

Front lobe 



MulA-StaAon	ReconstrucAon	

	 	

Left: reconstructed signal source from stations C,D,E and G in 
zenith and azimuth, showing all independently-recorded events 
clustered in the same direction in the sky.  
 
Right: best fit of a simulated event leading to such a cluster.  



Horizontal	Tau	Neutrino	Detector	

“Earth skimming” array concept using nearby  
Minna Bluff Mountain range.  

Strongly benefits from low background RF noise 
conditions found on the Ross Ice Shelf. 



4-Channel	Horizontal	Cosmic	Ray	Array	

	

	



4-Channel	Horizontal	Cosmic	Ray	Array	

Example candidate cosmic ray event picked up by 
the 4-channel Horizontal Cosmic Ray instrument. 

	



8-Channel	Horizontal	Cosmic	Ray	Array	

Photo Credit Chris Persichilli 



8-Channel	Horizontal	Cosmic	Ray	Array	

Photo Credit Chris Persichilli 



Cold	Temperature	PrecauAons	
•  Few circuit components are rated to below -40C; we must accept 

this. Lots of testing at temperatures as low as -60C! 
•  Integrated circuits rated to -40C have performed well down to 

-60C, including so far at the pole. 
•  So far there have been no problems with PCBs and soldering 

(we do use lead-based solder rather than tin-based), including 
during torture-tests at -60C.  

•  Avoid electrolytic capacitors, and use tantalum, ceramic or film 
capacitors, etc.  

•  Be careful about what sort of plastics are used, e.g. in cheaper 
connectors and cables – we have had connector insulation 
components fall apart. Teflon works very well.  

•  Cabling must also use insulation and jacket materials suitable for 
cold temperatures. We used Teflon insulated and jacketed 
cabling for our long-distance power distribution at the pole, as 
this is rated to -70 and remains flexible in the cold (but it’s 
expensive!).  



Cold	Temperature	PrecauAons	
•  Solar power works very well (better!) in the cold, e.g. due to 

lower recombination and leakage.  
•  Thus far wind power has remained consistently problematic. 

We’ve had multiple mechanical failures and excess R.F. noise 
picked up by stations, even from turbines that were found to be 
R.F. quiet during lab tests.  

•  Batteries have been a significant problem at -30C:  
•  Lead-acid batteries cannot be charged once drained. 
•  LiPo batteries have poor performance.  
•  Low-quality LiFePO4 batteries have had catastrophic 

(complete!) failures, e.g. inert or open-circuited packs.  
•  High-quality LiFePO4 batteries have proven to be reliable, 

though their capacity drops to under 50% and one must be 
careful not to charge or discharge them too fast: About 0.1C 
charge/discharge rates are OK.  



ARIANNA	at	the	South	Pole	



ARIANNA	at	the	South	Pole	



400V	to	28V	at	Polar	Temperatures	

	



DC-DC	Output	and	Input	Noise	

combination of ferrite beads, feed-through capacitors and RF/EMI shielded enclosure was

used to suppress EMI noise from the DC-DC converter (VICOR DCM) chip.

(a) EMI Noise 20µs (b) EMI Noise 5µs

(c) EMI Noise 1µs

Figure 8.3: EMI Noise

Figure 8.3 shows the scope measurement of noise at the power inputs and outputs of the

shielded DC-DC power converter. In the scope photos, channel 2 (yellow) is the noise at the

output connector of the DC-DC power converter box and channel 1 (green) is the noise at

the input connector of the DC-DC power converter box.

On the input connector, 2 mV of noise was measured and on the output connector ⇠40 mV

of noise was measured. It is important to understand that, this noise is not the radiated

noise but rather the noise on the power lines. RF shielded cables are used to transmit the

power from the DC-DC power converter box to the ARIANNA station, therefore, radiated

noise will be much less than the noise on the power lines.

Two frequency components of noise can be seen in the figure 8.3. The low frequency compo-

197

Input-side noise = ~2mV, output-side noise = ~40mV, both at 
~1.3 MHz (~89 MHz noise is from the local KUCI radio station).  



Under	Deployment	at	the	South	Pole	

Photo Credit Chris Persichilli 



TesAng	the	South	Pole	Instrument	

Photo Credit Chris Persichilli 



Next	GeneraAon	Systems	
•  New SST chip with 1024 samples per channel, etc. 
•  16 channels per station, e.g. 8 down, 4 up, 4 dipoles. 
•  Upgraded FPGA for fast multiple event buffering, etc. 
•  Upgraded microcontroller – faster, more memory... 
•  Automated in-situ fast self-calibration of thresholds 

(now automated but performed via remote control). 
•  Read out which channels fired their comparators. 
•  Improved dynamic range. 
•  Single-board multiple-channel amplification system.  
•  Replace WiFi with low-power mesh connectivity. 
•  Can we filter WiFi antenna to allow simultaneous data 

acquisition and full-time communications?  
•  Keep working on wind power... 



Polar	Neutrino	Experiment	Tea	Leaves	
•  Distributing power at the pole is turning out to be very 

expensive: $40k per station, about 4x the cost per 
autonomous ARIANNA station!  

•  Latest “tea leaves” point to large new polar power 
distribution grids being unacceptable, and current 
thought is to continue autonomous (e.g. solar) power.  

•  Autonomy allows a free choice of polar site (better 
ice) or Moore’s Bay (quieter RF environment).  

•  Current plan is to deploy an 8-channel autonomous 
ARIANNA station at a more remote polar site to 
compare against current powered station and against 
Moore’s Bay site.  

•  The big question: Can ARIANNA and ARA finally team 
up on a compromise experiment? 



ARIANNA	+	ARA	=	ARIA	

Strawman	for	ARIA	-1st	itera+on	
Combines	elements	of		
ARIANNA	and	ARA:	
-South	Pole	
-dipoles	
-subsurface	elements	
-LPDA	
-ARIANNA	DAQ	
-Cosmic	Ray	observa+on	
-polariza+on,	nu-direc+on	
-nearby	vertex	
	

However,	it	cannot	do	
Energy	for	d>500m	ver+ces	



ARIA	with	Deeper	Dipoles	

Strawman	–	2nd	Itera+on	

Have	also	
studied	to	
100m	

Replace	4	of	8	downward	LPDA	with	4	
subsurface	dipoles	in	single	hole	
	
Use	full	power	of	event	
reconstruc+on	to	deconvolve	E-field	
	
Obtain	C-cone	viewing	angles.		
Chris+an	es+mates	that	2-3	deg	
varia+on	is	minimum.		But	
measurement	of	more	than	3	deg	is	
difficult		
	
	



The	Trip	Home:	C-130,	~9	Hours	





Neutrinos	to	Probe	Icy	Moons?	

Enceladus (moon of Jupiter) has an ocean under a layer of ice. 
 

Using similar concepts as ARIANNA, we can explore this layer and 
those of other icy moons via the use of cosmic neutrinos.  



IceCube	aper	Global	Warming	


