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DUNEanc
LBNF

LBNF (LBN Facility) - wide-band,
on-axis neutrino beam for DUNE.
Unprecedented beam power:

1.2 MW 2 2.4 MW
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“DUNE Science Program

Several opportunities for major scientific discoveries:
» v oscillations (v /v, disappearance, v /v,
appearance)
« QO¢cp Violation phase
« MO (mass ordering) of neutrino masses
« 0,5 octant, precision test of 3-flavor neutrino model
* Nucleon decay
e Detection of galactic-core supernovae neutrinos

e Tests of neutrino NSI (Non-Standard Interactions) and

measure cross-sections for particle interactions on argon.
DUNE: Status and Prospects, J. Maricic 3



/DQNE Collat

» Strong, international
collaboration (from 2014):

* 950 collaborators

* 161 institutions

* 30 countries Hawaii

* Welcomes theorists and
welcomes you




DUNE/LBNF: Technical
Elements
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What does it take for LBNF to support DUNE's elaborate
program?

e Major partners: FNAL, CERN and SURF

e Construction and maintenance of underground and surface
facilities at SURF, capable of hosting a 4-module LAr TPCs
with over 70 kton LAr.

e Cryostats, refrigeration and purification systems to operate
all detectors

e A high-power, wide-band, tunable, neutrino beam at FNAL

e Underground and surface facilities at FNAL hosting near
detector and potentially other neutrino experiments

DUNE: Status and Prospects, J. Maricic 6



mline

~» Conventional horn-focused Beam Line
o Extracts 60 - 120 GeV protons from FNAL Main Injector.
e 101 mrad pitch to get to FD in S. Dakota
e ~200 m Decay pipe
e ND hall at boundary of FNAL site
e Critical contributions from international partners (UK, CERN)

Primary Beam Enclosure

Novel concept: beam on the hill reduces cost. Apex of Embankmen ~ 60

MI-10 Point of Extraction

Near Detector Absorber Hall Target Hall Complex
Kirk Service Building Service Building (LBNF-20)
Road (LBNF-40) (LBNF-30)
Absorber Hall
and Muon Alcove

Primary Beam
Service Building
(LBNF-5)

ROCK ROCK

Target (MCZero)

Beamline
Extraction

Near Detector Hall

Main Injector
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O pt . e u S i n g SWC

* Based on genetic algorithm developed for LBNO.

* Vary: proton energy 60-120 GeV, horn shape/size/current/position,
target size/shape/position/materials, decay pipe length/diameter.

ond st ggc max

><109_'
5 60 —— 3 Horn Optimized -
“E 50 rﬂ = 2 Horn Optimized _
; Iﬂ Reference
G 40 er')ﬁﬂ_ﬁ E
> Green: LBNE reference . HJ b werinprogress |
e £ 20 E
* Blue: DUNE optimized — - g 5
» longer target (2\>5A) + longer 15t horn 5 1

: 00'..A . ...é, .3...‘.‘i...‘é‘...é,;»‘-.;r}‘
e larger (radially) 2" horn v, Energy (GeV)

» Red: future optimizations — split 15t horn into two (2" max enhancement)

Space reserved for more
optimized horn system
(also needed for 2.4 MW)

Decay pipe




Proton Improvement Plan PIP G _ | i b
- PIP - 2016 beam upgrades [+ —— o, -
for NOVA (700 kW) “°°°‘?'°‘°'T°°'1':?!?5!¥.°.9.'r'.e'.°.e.-..... o R
- PIP_II — 2025 j'.-'<lll"nus ;ccdcralo‘ﬂc,;ca;‘.h Cenlr:-r R n.. -
D el v ks | P e
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PIP-1Il in R&D phase, but many L O

components from PIP-1l designed for  [[Frtyv

[ 2.4 MW beam: 235
% LBFem > 2.0 MW at 60 GeV s
R excavation. > 2.4 MW at 120 GeV ‘; “



Sanford UndergroundResearch Facility 4%

~south Dakota

» Attractive deep site: 4300 mwe
* Hosted Homestake neutrino experiment
* Accommodates 4 detector chambers and accompanying utilities

» Built-in flexibility to accommodate all detector needs, independent of
design (single or dual phase LAr TPC).

* Extensive preparatory work for LBNF/DUNE already done — rock
sampling, test blast vibration study (03/16), shafts refurbishment,
detailed cost estimate

* DOE approval pending: to begin excavation & surface building

15.1 (W) x 14.0 (H) x 62 (L) m3 10



7 story
building 156 at CERN




FD technolo

mon Chamber -

Liquid Argon TPC

m.i.p. ionization:
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Event display in LArTPC (MicroBooNE MC)

LAr TPC: excellent tracking and calo_l;imetry

Suitable for very large detectors — high signal eff. and bkg. discrimination
High resolution 3D reconstruction — charged particles ionize Ar; electrons

drift to anode wires (~ms) for xy coordinate; drift time — z coordinate
Ar scintillation light (~ns) detected by photon detectors — provides t,

gy = LqtiigRneon TImME===( £y

dE/idx (arbitrare unit<)

df /dx Larbitrary units)
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* Design fixed for the first 10 kton module — based on LBNE
modular drift cell design o

* APA (anode) and CPA (cathode)
suspended from ceiling like curtains

* APA with “wrapped” induction planes

* Photon detectors detect Ar scintillation
with light guides and SiPMs at the end

for readout
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Single TPC volume with Amplification in gas phase (LBNO design):
e 12m max drift (vertical), LEM (Large Electron Multiplier) read-out
e Features excellent S/N: ~100/1
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P SCI nt i I I at ion via P M T S be I oW Cat h Od e View 0: Event display {run 14456, event 8044) . View 1: Event display {run 14456, event 8044) .
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)I%ard etector—

Monitors initial neutrino beam

Fine grain tracker magnetized neutrino detector (design
based on success of NOMAD and T2K ND).

Includes muon detectors in absorber hall.

STT Module

Backward ECAL

ND design alternatives/additions: = &&
e LAr TPC

* high pressure gas Ar TPC
for direct comparison with FD.

DUNE: Status and Prospects, J. Maricic
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Expected event rates for measureme

/SCP, MO and Osci

* Measurements (0cp, MO, 6,3, 843) rely on analysis of 4
comblned samples (optimized beam, 56% LBNF uptime, =0,

v mode / 150 kt-MW-yr

Signal events (NH / IH) 945 (521) 7929 g‘
Wrong-sign signal (NH /IH) 13 (26) 511 E.
Beam ve background 204 - %

NC background 17 76 f

Other background 22 29 E

:
Signal events (NH / IH) 168 (438) 2639 ;
Wrong-sign signal (NH /IH) 47 (28) 1525 e
Beam ve background 105 = =

NC background 9 41 <

Other background 13 18



Neutrino spectra’in DUNE
/I:ﬂm Matter effects are large ~ 40% |

-

Wide-band beam: Measure v, appearance and v, disappearance overrange of energies
MO & CPV effectsare separable

Neutrino

800

= DUNE v, disappearance L DUNE appearance
70oF. | 1159 KtNW-yrvmode mode - 150 kt-MWoyr v mode
ES|n (6,5)=0.45 _— z'é!"a"’» cc C N_ogmal MH, 5,,=0
: — (¥+v,) CC L sin“(0,3)=0.45
600 —— Bkgdv, CC - Signal (V.+v,) CC
% = CDR Reference Design % - Beam (v +v,) CC
....... Optimized Desi - v
S 500 primized bestan S - (¥.4+v,) CC
Y] Lo - — (@.4v,)cCC
- - B = CDR Reference Design
© 400 S
ﬁ % __ ------- Optimized Design
i b -
S soo = -
& T o
Ll -
200 AL |
= -
ey <
<2 D
o e = I e T e
1 2 3 a4 5 6 7 8 Q_ 5 6 7 8 < I
Reconstructed Energy (GeV) (7) Reconstructed Energy (GeV) @
350 DUNE Vv, disappearance © E 1D%NkEt vwe“?vppeerance O
150 kt-NiW-yr v mode o) soF o ey s~ mode O
i =0. Si 1v, CcCc — ' > =
300 - sin®(6,;)=0.45 — Bfgn:v:vbc D E Sin®(0,,)=0.45 CcP g
NC Q r Signal (v_+v,_) CC
250 —— (F4v)CC = = 25 Beam (v +v,) CC =
% . ——— CDR Reference Design m D r NC Q)
S e I (. Optimized Design O r — (V.+v,) CC =
: | v 20 — (v,+v,) CC
X N o Q
o O - r = CDR Reference Design
d A ¥ 1l L ] L T I Optimized Design
S ® 2 1sf
— 15
= S o
D > C -
e w 1o
Anti-Neutri HE
~ Anti-Neutrino °{
---------- o o S o IS E T ey
2 3 a4 5 6 7 & mOde

Reconstructed Energy (GeV)

Reconstructed Energy (GeV)

yrospect )



Sensitivity to CPV after 300 kt-MW-yrs
Software configuration available on arXiV: 1606.09550

Bands represent range of beam configurations
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DUNE: CPV

» Sensitivity to MO as:

100% MH Sensitivity

® funCtIOn Of eXpOSU re |n (Covers all values of SCP)
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Mon Dec

Lifetime Sensitivity (90% CL)

v" Proton decay — test of baryon number conversation.

v' May explain matter-antimatter asymmetry.

v" Many accessible modes, including SUSY favored: p - K*V
v Sensitive, bkg. free searches thanks to imaging,
dE/dx and calorimetry in LAr TPC.
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DUNE CDR
DUNE - assumes 4okt after 4 yrs*

DUNE 40 kton

Super-K-260 kt-yr

1900 & 5700 kt-yr
(projected from SK)

Current Super-K limit, 260 kt-yr
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e *Actual plan is 8 yrs to reach 4okt;

DUNE: Status and Prospects, J. Maricic
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Super- trino burst detectiGir;
— About 99% of the gravitational binding energy of the proto-neutron stargess

into neutrinos = few thousand events expected for galactic SN

Dominant process: 40 L 401 *Contrary to water/LS
= ve+ TAr — e” + 7K Detectors — antinu dominate

« LAr uniquely sensitive to neutronization process at ~30ms.

« Elastic event — may give directionality.

» Expect 2-3 core-collapse supernovae in the Milky Way per century = 3500
neutrinos in 40kt DUNE for SN@

DUNE CDR
._% g Infall !\leutronizationE Accretion : Cooling . ES E 40;_ - ES40
§_ 705— | EA :zAr g 351 kA “Ar
‘5 60;— Ev, Ar qﬁ'soz— v, Ar
" s :
- o 250 Distinct
a0t 20f energy spectrum
30;— 15
20 i— 10
10f . . :
; Distinct time profile
o

15 20 25 30 35 40
1'I'ime (seconds) Observed energy (MeV)

102 10’
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DUNE:
Large Scale Prototypes




» Scaling up to 10 kton: ~0.5-1 kton prototypes necessary to
test all critical technical aspects for single and dual phase

| \J

design v"%ﬁ AR JI 7
» Experience needed for building, maintaining,@#&g =" T

operation & data analysis of large LAr TPCs.#7

* R&D schedule

e 35-ton s-phase TPC at FNAL (completed 4 full size A & 1 CPA

]
]
Al

(1
(l
el

e 3x1x1 m3 d-phase TPC at CERN (2016) s o=

e S-p and d-p protoDUNE at CERN (2018) gt o
in the beam and | Single Ph |5
with physics program ; o |

3.6m

3.6m

o 2 ‘ 3

—SS=—,

Full size readout plane, cathode, light collection, 72 drift distance (6 m)



DUNE:

Path Forwa




DUNE Schedule— =

2017 Cavern excavation
2018 ProtoDUNEs (SP & DP) operational at CERN

2019 Technical Design Review (DOE & international Agencies)
2020 Cryostat construction

2022 Far detector installation (15t module)
2023 Far detector installation (2" module)

2024 20 kton operational — start for taking non-beam physics

2026 First beam operations at 1.2 MW

27
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DUNE is going forward with a strong scientific program:
e CPV phase, MO, nucleon decay, supernovae v, cross-sections...

DUNE/LBNF project: 40 kt LAr TPC FD, fine grained ND and

1.2 MW wide-band neutrino beam 1300 km away
DUNE/LBNF enjoys strong international support:

e FNAL — DUNE/LBNEF is the lab’s priority + synergy with SBN

e US Government — DOE approved LBNF FY 2017 budget ($45M - $55M)
e CERN - neutrino platform for ProtoDUNEs at CERN, key roles in LBNF

and SBN program

Exciting time for neut

physics and DUNE!
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