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The Deep Underground Neutrino Experiment is a next-generation long-
baseline oscillation experiment between Fermilab (Illinois) and the 
Sanford Underground Research Facility (South Dakota) consisting of 

• a new MW-scale neutrino beamline (LBNF); 

• a 4⨯10-kilotonne (fiducial) liquid argon far detector; 

• a high-resolution, high-rate near detector. 
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The primary science program of DUNE includes: 

• Long-baseline neutrino oscillations 

– Leptonic CP violation 
– Neutrino mass ordering 
– Precision test of the 3-neutrino mixing framework 

• Nucleon decay 

• Neutrino astrophysics (e.g. core-collapse supernovae)
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Title Speaker Session Date and time

Astroparticle physics at the DUNE 
experiment I. Gil Botella (CIEMAT) Astroparticles July 6, 14:30

Studying neutrino oscillations and searches 
for BSM physics with atmospheric neutrinos 
in DUNE

A. Higuera (Houston) Neutrinos July 6, 17:15

The ProtoDUNE-SP prompt processing 
system M. Potekhin (BNL) Detectors &  

Data Handling July 6, 17:15

The DUNE far and near detectors N. McConkey (Sheffield) Detectors &  
Data Handling July 6, 17:30

Automated reconstruction, signal 
processing and particle ID M. Wallbank (Sheffield) Poster July 10, 18:00

Performance and physics measurements at 
protoDUNE-SP

S. Bordoni, L. Whitehead 
(CERN) Poster July 10, 18:00

The DUNE far detector Diego García-Gámez 
(Manchester) Poster July 10, 18:00
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66 m

17 m

19 m

Chapter 4: Far Detector Reference Design: Single-Phase LArTPC 4–25

are called anode planes and cathode planes, respectively. (Note the di�erent uses of the word1

plane.) Field-cage modules enclose the four open sides between the anode and cathode planes.2

When proper bias voltages are applied to the APAs and CPAs, a uniform electric field is created3

in the volume between the anode and cathode planes. A charged particle traversing this volume4

leaves a trail of ionization in the ultra-pure liquid argon. The electrons drift toward the anode5

wire planes, inducing electric current signals in the frontend electronic circuits connected to the6

sensing wires. The current-signal waveforms from all sensing wires are amplified and digitized by7

the frontend electronics and transmitted through cold (immersed) cables and feedthroughs to the8

data acquisition (DAQ) system outside of the cryostat. While electrons drift toward the APAs,9

positive ions drift toward the CPAs at a velocity five orders of magnitude slower than that of the10

electrons and therefore contribute little to the signal on the wires.11
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Figure 4.3: Cross sections of the LBNE 5-kt TPC (left) and the DUNE 10-kt TPC (right). The exchange
of the APA and CPA positions significantly reduces the energy stored in the TPC by eliminating the
two ground-facing cathode planes. This allows an increase in the detector’s fiducial volume given the
same cryostat volume. The length of the DUNE TPC is 58 m along the direction of the neutrino beam
(into the page). fig:tpc-xsect1

The TPC active volume (Figure
fig:tpc-xsect1
4.2) is 12 m high, 14.5 m wide and 58 m long in the beam direction.12

Its three rows of APA planes interleaved with two rows of CPA planes are oriented vertically, with13

the planes parallel to the beamline. The electric field is applied perpendicular to the planes. The14

maximum electron-drift distance between a cathode and an adjacent anode is 3.6 m. This requires15

a ≠180 kV bias voltage on the cathode plane to reach the 500 V/cm nominal drift field. The16

anode plane assemblies are 2.3 m wide and 6 m high. Two 6 m modules are stacked vertically to17

instrument the 12 m active depth. In each row, 25 such stacks are placed edge-to-edge along the18

beam direction, forming the 58 m active length of the detector. Each CPA has the same width,19

but half the height (≥3 m) as an APA, for ease of assembly and transportation. Four CPAs will20

be stacked vertically to form the full 12-m active height. Each cryostat houses a total of 150 APAs21

and 200 CPAs. Each facing pair of cathode and anode rows is surrounded by a field cage assembled1

from panels of FR-4 glass-reinforced epoxy laminate sheets with parallel copper strips connected2

to resistive divider networks. The entire TPC is suspended from five mounting rails under the3

Volume 4: The DUNE Detectors at LBNF LBNF/DUNE Conceptual Design Report
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Fine-grained, 3D images of neutrino interactions. 
Particle identification based on dE/dx and range. 
Close to full acceptance.



LAr Near Detector Concept - Modular TPC  
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8DUNE NEAR DETECTOR
• ND has fundamental role for LBL 

physics, constraining systematic 
uncertainties through the 
measurement of neutrino flux and 
interaction cross sections. 

• It will record largest sample of 
neutrino interactions ever collected. 

• Also sensitive to new physics (e.g. 
heavy sterile neutrinos). 

• DUNE ND currently under design. 
Conceptual design ready by 2018. 

• It will likely feature a modular liquid 
argon TPC and a magnetised, high-
resolution tracker.
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Chapter 3: Long-Baseline Neutrino Oscillation Physics 3–11

resolved [14]; hence DUNE, with a baseline of ≥1300 km, will be able to unambiguously determine
the neutrino mass hierarchy and measure the value of ”CP [15].

The electron neutrino appearance probability, P (‹µ æ ‹e), is shown in Figure 3.1 at a baseline of
1300 km as a function of neutrino energy for several values of ”CP. As this figure illustrates, the
value of ”CP a�ects both the amplitude and frequency of the oscillation. The di�erence in proba-
bility amplitude for di�erent values of ”CP is larger at higher oscillation nodes, which correspond to
energies less than 1.5 GeV. Therefore, a broadband experiment, capable of measuring not only the
rate of ‹e appearance but of mapping out the spectrum of observed oscillations down to energies of
at least 500 MeV, is desirable [16]. Since there are terms proportional to sin ”CP in Equation 3.6,
changes to the value of ”CP induce opposite changes to ‹e and ‹̄e appearance probabilities, so a
beam that is capable of operating in neutrino mode (forward horn current) and antineutrino mode
(reverse horn current) is also a critical component of the experiment.
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Figure 3.1: The appearance probability at a baseline of 1300 km, as a function of neutrino energy, for
”CP = ≠fi/2 (blue), 0 (red), and fi/2 (green), for neutrinos (left) and antineutrinos (right), for normal
hierarchy. The black line indicates the oscillation probability if ◊13 were equal to zero.

The experimental sensitivities presented here are estimated using GLoBES[17, 18]. GLoBES takes
neutrino beam fluxes, cross sections, and detector-response parameterization as inputs. This doc-
ument presents a range of possible physics sensitivities depending on the design of the neutrino
beam, including the proton beam energy and power used. The beam power as a function of proton
beam energy from the PIP-II upgrades and the number of protons-on-target per year assumed in
the sensitivities are shown in Table 3.1. These numbers assume a combined uptime and e�ciency
of the FNAL accelerator complex and the LBNF beamline of 56%.

A conservative estimate of sensitivity is calculated using neutrino fluxes produced from a detailed
GEANT4 beamline simulation that is based on the reference design of the beamline as presented in
Volume 3: The Long-Baseline Neutrino Facility for DUNE. Neutrino fluxes from a simulation based
on an optimized beam design are used to show the goal sensitivity. There is a range of design options
that produce sensitivities in between the sensitivity of the reference beam design and the optimized

Volume 2: The Physics Program for DUNE at LBNF LBNF/DUNE Conceptual Design Report

• Electron-neutrino appearance amplitude depends on θ13, θ23, δCP 
and matter effects. All four can be measured in a single 
experiment. 

• Broadband beam and long baseline break degeneracy between CPV  
and matter effects.
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11LBL EXPERIMENTAL SENSITIVITIES
All the following sensitivity plots 

consider these assumptions: 
• Oscillation parameters from 

NuFit2016. 

• Staging scenario with equal 
running in neutrino and 
antineutrino modes: 
– Year 1 (2026): 20-kt FD with 

1.07 MW beam. 
– Year 2 (2027): 30 kt FD. 
– Year 4 (2029): 40 kt FD. 
– Year 7 (2032): upgrade to 2.14 

MW beam. 
• GLoBES-based fit to the FD samples, 

with parameterised detector response. 
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Width of bands represents range of sensitivities for the 90% CL region in θ23 values.  
Sensitivity increases with increasing θ23.
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SENSITIVITY TO CP VIOLATION
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Long-baseline experiments will approach the resolution of reactor experiments in 
the measurement of the mixing angles.
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The difference between 1% and 3% normalisation uncertainty in the electron 
neutrino sample translates into a factor of 2 in exposure.
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• DUNE will use a broadband beam and a long baseline (1300 km) 
to make a precise, simultaneous measurement of the mass 
ordering, the CP-violation phase and the neutrino mixing angles. 

– Comparison to other oscillation channels allows unitarity 
test. 

– Sensitive as well to new physics affecting oscillation 
probabilities. 

• The mass, high granularity and deep underground location of the 
DUNE far detector provide good sensitivity to baryon non-
conservation and supernova burst neutrinos. 

• DUNE physics program will produce interesting results at each 
stage of 20+ year operation.

SUMMARY
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• 60-120 GeV protons from Fermilab Main Injector.  
• Wide energy spectrum covers the 1st and 2nd oscillation maxima.  
• Initial upward pitch, 101 mrad pitch to point to South Dakota. 
• Initially 1.2 MW, upgradeable to 2.4 MW.
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planes satisfy the transparency condition [12] that all drifting electrons pass by the induction plane
wires and fully collect on wires in the last (collection) plane.

Figure 2 illustrates the digitized simulated signal waveforms on the induction and collection
planes assuming an ideal minimum ionizing particle (MIP) track. Since the ionization electrons
are collected by the Y plane wires, integrating the waveform recorded from each Y wire gives a
measure of the charge deposited along that section of the track. The peaks of the bipolar signals on
the U and V induction wires are typically a factor of 2 to 3 smaller than the peak of the unipolar
signal on the Y collection wires for this kind of signal.

The requirements on the TPC readout electronics performance are driven by the physics goals
of MicroBooNE. The dynamic range and noise performance of the TPC readout are determined by
the need to clearly measure the ionization charge arriving at the wire planes for a range of activity
varying from the small charge created by a MIP to the large ionization deposited by stopping protons
emerging from the breakup of an argon nucleus [13].
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Figure 1. Diagram illustrating the signal formation in a LArTPC with three wire planes [5]. For simplicity,
the signal in the first U induction plane is omitted in the illustration. Planes are positioned in the order U, V,
Y with the Y plane being farthest from the cathode plane.

The induced current on each wire is amplified and shaped through one dedicated channel (out
of 16) of a custom designed complementary metal-oxide-semiconductor (CMOS) analog front-end
cold ASICs [15]. The analog front-end ASICs, which include a pre-amplifier, shaper, and signal
driver are located inside the cryostat along with the wire bias voltage distribution system, decoupling

– 3 –

Working principle of a (single phase) liquid argon time projection chamber.


