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LBNF: Long-Baseline Neutrino Facility 
DUNE: Deep Underground Neutrino Experiment

LBNF SPECTRA & STATISTICS
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Standard CP optimized (1.2 MW):
νµ CC (ν beam, 5 y) 33×106

ν̄µ CC (ν̄ beam, 5 y) 12×106

Optimized ντ appearance (2.4 MW):
νµ CC (ν beam, 2 y) 62×106

ν̄µ CC (ν̄ beam, 2 y) 22×106

✦ Two LBNF beam options: low-energy CP optimized & high-energy for ντ appearance

● LBNF: 120 GeV p, 1.2 MW, 1.1×1021 pot/y, ND at 574m;

● LBNF upgrade: 120 GeV p, 2.4 MW (x 2) , ∼3×1021 pot/y.

✦ Conceivable high-energy run after 5y ν + 5y ν̄ with the ”standard” beams optimized for CP

=⇒ Can collect ∼ 108 CC events with compact high-resolution detector (∆Eµ ≤ 0.2%)
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DUNE NEAR DETECTOR COMPLEX

The Near Detector (ND) complex of the Deep Underground Neutrino Ex-
periment (DUNE) is composed of three detectors: the pixelated Liquid Ar

TPC (ND-LAr), the high pressure Ar gas TPC (ND-GAr), and the System

for on-Axis Neutrino Detection (SAND).

SAND WITH STRAW TUBE TRACKER (STT)

"SOLID" HYDROGEN CONCEPT

⌫(⌫̄)-H CC interactions from subtraction of CH2 and C targets:

• Exploit momentum/angular resolutions & control of chemical compo-
sition and mass of targets in STT

• Model-independent data subtraction of dedicated C (graphite) target
from main CH2 target

• Kinematic selection provides large H samples of all inclusive & exclu-
sive CC topologies with 80-95% purity and 75-96% efficiency before
subtraction

Viable and realistic alternative to liquid H2 detectors

CONTROL OF NEUTRINO TARGETS

STT designed to provide control of configuration, chemical

composition and mass of ⌫ targets comparable to e± DIS:

• Thin passive targets – typicall 1-2% of X0 – alternated to
straw planes throughout the entire tracking volume

• Targets account for ⇠ 97% of total STT fiducial mass
(straws 3%)

• Separation from vertex, angular & timing resolutions

• Particle ID (dE/dx, transition radiation) over entire STT
volume

Fully tunable/configurable:

• Average density can be varied
0.005  ⇢  0.18 g/cm3

• Passive targets can be replaced
during data taking

• Wide range of materials: CH2,
C, Ca, Ar, Fe, Pb, etc.

CONTROL OF FLUXES
Interactions on H allow a reduction of flux uncertainties:

• H solves the problems arising from the nuclear smearing
• Small energy transfer ⌫ reduces the systematics on E⌫ dependence
• Relevant systematic uncertainties from data themselves

Different measurements with exclusive processes in STT:

• Relative ⌫µ flux vs. E⌫ from ⌫µp ! µ�p⇡+ on H : < 1%

• Relative ⌫̄µ flux vs. E⌫ from ⌫̄µp ! µ+n QE on H: < 1%

• Absolute ⌫̄µ flux from ⌫̄µp ! µ+n on H with Q2 < 0.05 GeV2

• Absolute ⌫µ flux with ⌫e ! ⌫e elastic scattering : ⇠ 2%
5,814 signal events selected in 5y after subtracting 5% total background

NUCLEAR EFFECTS IN AR
Direct comparison between CC in-

teractions in Ar and H within the

same detector (same acceptance):

• Constraints on the nuclear smear-
ing in Ar, affecting detected dis-
tributions

• Synergy with off-axis measure-
ments from DUNE-Prism

• Redundancy/robustness against
MC/model & unexpected dis-
crepancies
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Chapter 1: Introduction 1–5

Figure 1.1: Schematic of the DUNE ND hall shown with component detectors all in the on-axis con-
figuration (left) and with the ND-LAr and ND-GAr in an o�-axis configuration (right). The SAND
detector is shown in position on the beam axis. The beam axis and direction is indicated.

nation, a magnetic spectrometer is needed downstream of ND-LAr to measure both quantities. In1

the DUNE ND concept, this function is accomplished by the ND-GAr detector.2

The ND-GAr detector (also sometimes called the multipurpose detector, or MPD) consists of a3

high pressure gaseous argon TPC surrounded by an electromagnetic calorimeter (ECAL) in a 0.5 T4

magnetic field with a muon system outside of that. The high pressure gaseous argon TPC runs at5

10 atmospheres and provides a lower-density medium with excellent tracking resolution to momen-6

tum analyze the muons from ND-LAr. In addition, with this choice of technology for the tracker,7

neutrinos interacting with the argon in the high pressure gaseous TPC constitute a large, inde-8

pendent sample of ‹-Ar interactions that can be studied with a very low momentum threshold for9

charged particle tracking, excellent tracking resolution, nearly uniform angular coverage, and with10

systematic uncertainties that di�er from the liquid detector. ND-GAr will collect approximately11

1.6 ◊ 106 ‹µ-CC events per year of on-axis running with a 1.0 ton fiducial volume.12

Since ND-GAr can access lower-momentum protons than ND-LAr and has better particle identi-13

fication of charged pions, events occurring in ND-GAr will be valuable for studying the charged14

particle activity near the interaction vertex. The misidentification of pions as knocked-out pro-15

tons (or vice versa) causes reconstructed neutrino energies to di�er from their true values by the16

equivalent of a pion’s mass and/or missed event type classification. This mistake can become17

quite significant at the lower-energy second oscillation maximum. The gas detector will play an18

important role in understanding how often the FD and ND-LAr make this mistake, since pions are19

rarely misidentified as protons in the high pressure gaseous argon TPC.20

In addition, the relatively low level of secondary interactions in the gas samples will be helpful for21

identifying the particles produced in the primary interaction and modeling secondary interactions22

in denser detectors. The confusion of primaries and secondaries is known to be an important e�ect23

in reconstruction of events in liquid argon TPCs [3]. Relative to lower pressure TPCs, the high24

pressure in the gas TPC of ND-GAr increases the statistics for these studies and improves the25
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CONTROL OF TARGETS

✦ Straw Tube Tracker designed for a control of ν-target(s) similar to e± DIS experiments:

● Typical ν-detectors: systematics from target composition & materials, limited target options;
● Thin (1-2% X0) passive target(s) separated from active detector (straw layers);

● Target layers spread out uniformly within tracker by keeping low density 0.005 ≤ ρ ≤ 0.18 g/cm3 .

=⇒ STT can be considered a precision instrument fully tunable/configurable

✦ Targets of high chemical purity give
∼ 97% of STT mass (straws 3%)

✦ “Solid” hydrogen target from a
model-independent subtraction of
CH2 & C after kinematic selection.

✦ Thin targets can be replaced during
data taking: C, Ca, Ar, Fe, Pb, etc.

=⇒ STT considered for inner
tracker of SAND in DUNE ND
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GENERAL PURPOSE PHYSICS FACILITY

✦ Possible to constrain systematics reducing the precision gap with electron experiments

● Relative νµ and ν̄µ flux vs. Eν to < 1% from exclusive processes on H at small energy transfer;

● Calibration of neutrino energy scale and nuclear smearing with H control sample.

✦ Turn the LBNF ND site into a general purpose ν&ν̄ physics facility with broad
program complementary to ongoing fixed-target, collider and nuclear physics efforts:

● Measurement of sin2 θW and electroweak physics;

● Precision tests of isospin physics & sum rules (Adler, GLS);

● Measurements of strangeness content of the nucleon (s(x), s̄(x),∆s, etc.);

● Studies of QCD and structure of nucleons and nuclei;

● Precision tests of the structure of the weak current: PCAC, CVC;

● Measurement of nuclear physics and (anti)-neutrino-nucleus interactions; etc. .....

● Precision measurements as probes of New Physics (BSM);

● Searches for New Physics (BSM): sterile neutrinos, NSI, NHL, etc.....

=⇒ Hundreds of diverse physics topics offering insights on various fields

✦ No additional requirements: same control of targets & fluxes to study LBL systematics

Roberto Petti USC
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ELECTROWEAK MEASUREMENTS

✦ Complementarity with colliders & low-energy measurements:

● Different scale of momentum transfer with respect to LEP/SLD (off Z0 pole);
● Direct measurement of neutrino couplings to Z0

=⇒ Only other measurement LEP Γνν

● Single experiment to directly check the running of sin2 θW ;
● Independent cross-check of the NuTeV sin2 θW anomaly (∼ 3σ in ν data) in a similar Q2 range.

ν-N DIS

ν-e elastic

✦ Different independent channels:

● Rν = σν

NC

σν

CC

in ν-N DIS (∼0.35%)

● Rνe =
σν̄

NC

σν

NC

in ν-e− NC elastic (∼1%)

● NC/CC ratio (νp → νp)/(νn → µ−p)
in (quasi)-elastic interactions

● NC/CC ratio ρ0/ρ+ in coherent processes

=⇒ Combined EW fits

✦ Achievable sensitivity
depending upon HE beam exposure

Roberto Petti USC

6



SUMMARY

✦ The intensity and different ν(ν̄) spectra available at the LBNF offer unique
opportunities for neutrino physics, if coupled with a high resolution ND of a few tons

✦ STT instrumentation of SAND provides control of configuration, material & mass of
neutrino targets similar to electron experiments & suite of various target materials.

✦ “Solid” hydrogen concept can provide high statistics O(106) samples of ν(ν̄)-hydrogen
interactions, allowing precisions in the measurement of ν & ν̄ fluxes < 1%.

✦ Turn the LBNF ND site into a general purpose ν & ν̄ physics facility with broad
program complementary to ongoing fixed-target, collider and nuclear physics efforts

✦ Precision electroweak measurements using various independent channels characterized
by different momentum scale

=⇒ Study sensitivity vs. exposure and possible combination with other measurements

Roberto Petti USC
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Dipartimento di Fisica, Università degli Studi di Genova, 16146 Genova, Italy

12
Department of Physics and Astronomy,

Univ. of South Carolina, Columbia, SC 29208, USA

13
Brookhaven National Laboratory, Upton, NY 11973, USA

1

8



Backup slides


	---
	---
	---
	pippo
	pippo
	---
	---
	---
	pippo

