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ICEBERG is a liquid argon time projection chamber at Fermilab for the purpose of testing
detector components and software for the Deep Underground Neutrino Experiment (DUNE). The
detector features a 1.15m x 1m anode plane following the specifications of the DUNE horizontal
drift far detector and a newly installed X-ARAPUCA photodetector. The status of ICEBERG is
reported along with analysis of noise, pulser, and cosmic ray data from the ninth run beginning
May 2024 with the goal of advising the DUNE collaboration on the optimal wire readout electronics
configuration. In addition, development of an absolute energy scale calibration method is currently
underway using known sources such as cosmic ray muon Michel electrons at the ∼10MeV scale and
39Ar decay electrons at the ∼100 keV scale. Research into AI-based identification of such events at
the data acquisition level is introduced.

I. INTRODUCTION

DUNE [1] is a long-baseline neutrino oscillation exper-
iment that will use Fermilab’s future PIP-II beam. Four
17 kt liquid argon time projection chamber (LArTPC)
modules are planned for the far detector at SURF in
South Dakota including two modules that will be ready
during the first phase of the experiment: a horizontal
drift module and a vertical drift module. The horizontal
drift module will use wire readout technology in which
ionized drift electrons are detected through three wire
planes at the anode plane assemblies (APAs).

ProtoDUNE [2] is a prototype of the horizontal drift
and vertical drift modules built in the neutrino platform
at CERN in order to test the LArTPC technology to
be used in DUNE before the full far detectors are built.
These smaller 0.77 kt detectors take data from cosmic
rays and a dedicated beamline from CERN’s Super Pro-
ton Synchrotron. ProtoDUNE previously ran from 2018-
2019, and the horizontal drift module started its second
run in May 2024, which included eight weeks of beam
runs starting mid-June. The vertical drift module will
start running in early 2025.

A. ICEBERG

The Integrated Cryostat and Electronics Built for Ex-
perimental Research Goals (ICEBERG) at Fermilab is a
smaller prototype of the DUNE horizontal drift far detec-
tor module and is intended for tests of the cold TPC read-
out electronics and photodetection system. It consists of
two 1.15m x 1.00m x 0.03m drift volumes (Fig. 1). ICE-
BERG primarily takes cosmic ray data, and there are two
scintillator bars on opposite corners of the cryostat in or-
der to trigger on cosmics traveling parallel to a diagonal
wire plane (Fig. 2).

A full-size APA used in DUNE and ProtoDUNE is
2.3m x 6.2m and consists of 2560 read out wire channels
distributed among two diagonal planes and one vertical

FIG. 1. Picture and schematic of ICEBERG TPC. One
APA is located in the middle of the active region with cathode
planes on opposite ends. There are slots for two ARAPUCA
photodetectors on the APA.

plane. The DUNE horizontal drift detector will contain
150 APAs, and ProtoDUNE uses 4 APAs. In compari-
son, ICEBERG has a single 1.15m x 1.00m APA with
1280 channels. The motivation for this APA geometry
with 1/2 the width but 1/6 the height of a full APA is to
maximize the number of channels in this small detector
size while maintaining identical wire spacing: since one
wire plane consists of vertical wires, reducing the width
proportionally reduces the number of channels.

During previous runs of ICEBERG including the most
recent of which ending in 2019, two horizontal drift ARA-
PUCA photodetectors [3] were installed in the ICEBERG
APA (Fig. 1). In the current run, however, an upgraded
vertical drift X-ARAPUCA [4] (Fig. 3) was installed be-
neath the bottom TPC field cage. In addition to testing
this particular photodetector model in a TPC environ-
ment for the first time, this allows for testing the power
and signal over fiber capabilities necessary for the pho-
todetectors placed on the DUNE vertical drift cathodes,
which will be at -300kV [5].
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FIG. 2. The ICEBERG cryostat. One of two scintillator
bars for cosmic triggering is visible at the front bottom of the
cryostat.

FIG. 3. An X-ARAPUCA photodetector for the DUNE
vertical drift module.

B. Goals

The main motivation of the current ProtoDUNE run
is to validate DUNE’s physics goals with a single con-
sistent run setting rather than to test detector elements
under various run configurations. However, ICEBERG
can be used to conduct several tests of detector elements
with shorter commissioning time between runs due to its
small size and is available to take data under various run
configurations in order to determine the optimal settings
for the cold electronics. The current goals of ICEBERG
are therefore to (1) test the latest versions of the DUNE
cold electronics, which feature minor improvements com-
pared to those installed in ProtoDUNE, (2) test the ver-
tical drift X-ARAPUCA photodetector, (3) test a new
detector safety system that turns off the high voltage to
the wire planes if the cold electronics are powered off and
turns off the warm electronics outside the detector if the
temperature gets too hot or the fans are not powered,

FIG. 4. A front-end mother board. Analog wire signals
input from the bottom are processed through an amplifier
chip, digitizer chip, and transmitter chip that communicates
with warm electronics outside of the cryostat.

(4) advise DUNE in addition to ProtoDUNE before it
had started its beam runs on the optimal choice of cold
electronics readout settings, and (5) to develop an AI-
based method for online identification of possible cali-
bration sources such as 39Ar decays and Michel electrons
to provide an absolute calibration of the electronics.

II. COMMISSIONING

The commissioning of ICEBERG for its current run
began in November 2023 upon the receipt of the lat-
est versions of the front end mother boards (FEMBs),
which house the cold electronics [3]. These FEMBs con-
sist of amplifier [6], digitizer [7], and transmitter [8] chips
and are responsible for reading out the TPC wire sig-
nals (Fig. 4). While the designs are being continuously
updated, the model in ICEBERG is intended to be the
final version to be used in DUNE and features minor
updates compared to the one currently installed in Pro-
toDUNE including improvements to the circuit layout,
cable clamps, and screw holes.

Before installation on the ICEBERG APA, these
FEMBs were first cabled to the external warm electron-
ics and tested in liquid nitrogen inside of a cryogenic
test stand [3]. During these tests, noise data was taken
through ICEBERG’s DAQ to ensure all FEMBs were
functional. Following the FEMB tests, the ICEBERG
commissioning process continued, which included mount-
ing the FEMBs onto the top of the APA and attaching
the vertical drift photodetector beneath the TPC. The
TPC was lifted into the ICEBERG cryostat in April 2024,
and the subsequent filling with liquid argon completed in
May.
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FIG. 5. Channel waveform RMS converted to equivalent
drift electrons (top) and average FFT over all 1280 channels
(bottom) under 7.8mV/fC, 14mV/fC, and 25mV/fC gain
settings. FFT amplitude units are arbitrary. The ICEBERG
TPC here is in the cryostat and at room temperature. Similar
RMS levels are observed across the three settings, and there
are few features observed in the three FFT plots.

III. COLD ELECTRONICS TESTS

A major goal of this ICEBERG run was to find the
ideal settings for the cold electronics, meaning those that
give the best signal to noise ratio. The settings that are
particularly of interest include the gain of the amplifiers,
the shaping time of the amplifiers, the baseline of the
digitizers, and the voltage applied to the voltage regula-
tors that power each of the three types of chips. As an
example, noise tests in which the gain setting was varied
are shown in Fig. 5.

This test shows that noise levels are comparable be-
tween the three possible gain settings as can be seen
through the comparable waveform RMS and featureless
FFT among these gain settings. Since a lower gain set-
ting provides a greater dynamic range and avoids saturat-
ing the amplifier, the lower 7.8mV/fC setting was chosen
as optimal. This setting was therefore also adopted as
nominal for the current ProtoDUNE run, changing from
the previous nominal choice of 14mV/fC.

Another highlight of the cold electronics configuration
tests is regarding the power settings. The recommended

FIG. 6. Average FFT over all channels under
3.0V/3.0V/3.2V and 4.0V/4.0V/4.0V power settings to
the amplifier/transmitter/digitizer voltage regulators at ICE-
BERG inside its cryostat (bottom) and one ProtoDUNE APA
inside a coldbox (top), both at room temperature. Peaks at
25 kHz, 50 kHz, and 75 kHz are observed for both detectors’
APAs, but they are reduced at the 4.0V settings and nearly
absent in ICEBERG’s case. The orange plot in the bottom
figure is from the same test as the orange plot in Fig. 5 (bot-
tom).

voltages to supply to the voltage regulators for the trans-
mitter, amplifier, and digitizer chips were 3.0V, 3.0V,
and 3.2V, respectively. However, during tests of Proto-
DUNE APAs, a large 25 kHz coherent noise pickup had
been observed along with its second and third harmonics
(Fig. 6). A possible explanation for this noise is pickup
between the power and data cables to the FEMBs. It
was later seen that changing the power settings to 4.0V
for all three types of chips largely reduced this 25 kHz
pickup. This noise is visible in ICEBERG as well despite
the fact that ICEBERG has much shorter cables to the
FEMBs. In ICEBERG’s case, this noise is essentially ab-
sent under the alternative 4.0V settings, confirming that
this configuration should be adopted as nominal.

IV. ν-OnEdge

In addition to the goals of testing detector elements,
the ICEBERG DAQ is being used to develop a method



4

for the absolute calibration of the electronics. Potential
well-known calibration sources include 39Ar decays and
Michel electrons from cosmic ray muons. 39Ar decays for
calibration in the order of ∼100 keV are a good calibra-
tion source due to their abundance in liquid argon [9]. For
higher energies, a method to calibrate the electron energy
scale with Michel electrons was demonstrated during the
first run of ProtoDUNE by implementing a correction
to electron energy estimation based on the theoretical
Michel electron spectrum [10].

An online AI-based method for such calibration event
identification is being developed to run on the DAQ
server GPU and would rely on “trigger primitives” pro-
duced early in the DAQ pipeline containing basic infor-
mation such as the time, width, and peak of each pulse
for each hit [3]. Such a method can also be extended
to online particle classification, which, together with on-
line calibration for energy estimation, would be useful for
triggering on low energy events (< 10MeV) that would
otherwise have lower triggering efficiency.

V. SUMMARY

ICEBERG has started a new run currently ongoing
since May 2024 with the aim of testing the latest ver-
sions of the cold electronics, the current version of the
DAQ software, and a new vertical drift photodetector.
ICEBERG primarily takes cosmic ray data in addition
to data for specific studies such as noise tests under var-
ious run settings as well as runs with external pulses for
calibration. These noise tests helped to advise DUNE
and ProtoDUNE on the ideal run settings before Proto-

DUNE begain receiving beam. Finally, research is cur-
rently ongoing using the ICEBERG DAQ to develop on-
line, AI-based methods for identification of calibration
events to provide an absolute electronics calibration and
for particle classification. A new run with this AI DAQ
integration is currently planned to start in Winter 2025.
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