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What is DUNE/LBNF ?

DUNE/LBNF will consist of

An intense (1-2 MW) neutrino beam from Fermilab

A massive (70 kton) deep underground LAr Detector South Dakota

A large Near Detector at Fermilab

A large International Collaboration (~1000 scientist)

1300 km

Chicago
South Dakota

Sanford
Underground
Research
Facility

Fermilab

e —————
— ~
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-

A ===
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Protons & Neutrino Beam

LBNF and PIP-II

¥] In beam-based long-baseline neutrino physics:
§ beam power drives the sensitivity

¥] LBNF will be the world’s most intense high-

energy v beam
§ 1.2 MW from day one
e NuMI (MINOS) <400 kW
e NuMI (NOVA) ultimately 700 k
§ upgradable to 2.4 MW

¥] Requires PIP-1I (proton-
improvement plan)

§ major upgrade of FNAL
accelerator infrastructure
§ Replace existing 400 MeV LINAC
with 800 MeV SC LINAC

het
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The LBNF Neutrino Beam

w Wn Wn WWINh W W0 WD

Du(Ve

het

i) Start with an intense (MW) proton beam from PIP-II
ii) Point towards South Dakota
iii) Smash high-energy (~80 GeV) protons into a target™) hadrons
iv) For neutrino/antineutrino beam focus positive/negative pions/kaons
v) Allow them to decay, e.q. T - M+VM
vi) Absorb remaining charged particles in rock
vii) Left with a “collimated” Vy, beam
Kirk Service Bullding Servicn Bullding N a M o

Service Building
(LBNF-5)

(LBNF-40) (LBNF-30)

| Absorber Hall L=
LIRS and Muon Alcove e e o 'i% — /I_‘_I\

vn)

Stephen Parke, Fermilab HQL/Virginia Tech 5/26/2016
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DUNE ND (in brief)

CDR design is the NOMAD-inspired FGT (Fine Grain Tracker)

e |t consists of:
- Central straw-tube tracking system
- Lead-scintillator sampling ECAL
- RPC-based muon tracking systems

e Other options being studied

e The Near Detector provides:

- Constraints on cross sections and the neutrino flux
- Sterile neutrino search
- Arich self-contained non-oscillation neutrino physics program

Will result in unprecedented samples of v interactions
- >100 million interactions over a wide range of energies:

é . strong constraints on systematics
o the ND samples will represent a huge scientific opportunity

- Stephen Parke, Fermilab HQL/Virginia Tech 5/26/2016
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DUNE Far Detector site

e Sanford Underground Research Facility (SURF), South
Dakota

o Four caverns on 4850ft level (~1.5km underground)

Yates Complex Ross Complex

i

1w’
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1
.
|
|
|
|
|
|
|
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N |
1
|
|
I
1
|
|
|
|
|
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DUNE Far Detector site
e Sanford Underground Research Facility (SURF), South

Dakota

o Four caverns on 4850ft level (~1.5km underground)

Yates Complex

Davis Campus:
o LUX
e Majorana demo.

o7

Stephen Parke, Fermilab

Ross Complex

Ross Campus:
e CASPAR

« DUNE

Green =
new excavation
commences in 2017

HQL/Virginia Tech

5/26/2016
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DUNE Far Detector site

het

e Sanford Underground Research Facility (SURF), South

Dakota

o Four caverns on 4850ft level (~1.5km underground)

Yates Complex

;r o
.'w. o
| m“

c“'
' 2 pfe ST AR

Y
Davis Campus: 1
e LUX

oLZ

(\

Stephen Parke, Fermilab

° Majorana demo. (’

Ross Complex

15km

i

ﬁ"‘
i

N [O¥T | S SE—— -

HQL/Virginia Tech 5/26/2016



total 70-kt LAr-TPC =4 x 17-kt modules
Fiducial = 4 x 10 kt

het
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total 70-kt LAr-TPC =4 x 17-kt modules
Fiducial = 4 x 10 kt

Ar from ~ 10 km® of air

= 300m X Area of Fermilab site (30 km?)

het
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Liquid Argon TPC Basics

e.g. a modular implementation of Single-Phase TPC
 Record ionization in LAr volume => 3D image

Anode planes Cathode planes I;:
l:PA CPA APA CPA APAJ \\\ ((6___ \ —-180kV
| 1 —
A = C
~J “"'V
\\\

Foam Insulation

Steel Cryostat

3 planes in DUNE

het
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Staged Approach to 40 kt (fiducial)

Layout at the Sanford Underground Research Facility

e Four chambers hosting four independent 10-kt FD modules

- Gives flexibility for staging & evolution of LAr-TPC technology design
e Assume four identical cryostats: 15.1 (W) x 14.0 (H) x 62 (L) m3
e Assume the four 10-kt modules will be similar but not identical

e Collaboration considering two LAr readout technologies
- Single-Phase (lonization read out in the Liquid Ar)
e« Demonstrated by ICARUS, ArgoNut & MicroBooNE
e Forms basis of first 10-kt detector

- Dual-Phase (lonization amplified and readout out in Gas phase)
e Pioneered by WA105 (protoDUNE-DP)
e Option for second and/or subsequent detector modules

- Large-scale prototyping going in parallel at CERN: protoDUNE-SP &
protoDUNE-DP

|
(\ Stephen Parke, Fermilab HQL/Virginia Tech 5/26/2016
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Events:

U

_—

Stephen Parke, Fermilab

HQL/Virginia Tech

5/26/2016
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(collection plane view)

Cosmic background

Cosmic background

The invisible
neutrino is
coming in here ) Cosmic background

time

Cosmic background

Wire number \l,
> i

Two electromagnetic
showers with an offset \
from the vertex: this could

Be ar iy
Run 3493 Event 41075, October 23"¢, 2015

hen Parke, Fermilab inia Tech 5/26/2016



Physics of DUNE:

Neutrino Mass & Mixing Physics

- Stringent test of the 3 Neutrino paradigm

- CP Violation, Mass Ordering, Dominant Flavor of v_3, ....

Proton Decay
- especially p—Kwv

- SuperNova Neutrinos

- v_e flux from core-collapse in Milky Way

- Surprises |

- NSI, sterile v, Lorentz Violation, v decay, decoherent, .....

het

|
(\ Stephen Parke, Fermilab HQL/Virginia Tech
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Physics of DUNE:

Neutrino Mass & Mixing Physics

- Stringent test of the 3 Neutrino paradigm

- CP Violation,

Proton Decay

- especially p—Kwv

- SuperNova Neutrinos

- v_e flux from core-collapse in Milky Way

- Surprises |

- NSI, sterile v, Lorentz Violation, v decay, decoherent, .....

ass Ordering, Dominant Flavor of v_3, ....

het

Stephen Parke, Fermilab HQL/Virginia Tech

5/26/2016
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DUNE will address big questions in science, e.g.
 The matter-antimatter asymmetry in the Universe

- CP Violation in the leptonic sector

SSSSS

ﬁﬁﬁﬁﬁﬁﬁﬁ

- — Dark matter \ . 3
'S F i 0\ &
. WU i
™ ale Vel

(=) 5

. Big Bang: matter & antimatter created in equal amounts
- As Universe cools down matter and antimatter then annihilate
- All things being equal, no matter/antimatter remains, just light
- This is not what happened — there is matter left in the Universe
m)> Fundamental difference between matter and antimatter
=> CP symmetry violation (CPV)

- Neutrinos: best bet to how this happened through “leptogenesis”

Stephen Parke, Fermilab HQL/Virginia Tech 5/26/2016
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Observation of Neutrino Mass
implies New Physics

- Right Handed Neutrino + Lepton # Conservation
(Dirac)

- OR

* New Interactions: (LH)" 2
(Majorana)

- WHAT IS THE MASS SCALE OF THE NEW PHYSICS?

13

|
(\ Stephen Parke, Fermilab HQL/Virginia Tech 5/26/2016
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Flavor Content of Mass Eigenstates:

. . . 2 2 2
e Labeling massive neutrinos: Ue1|* > |Uez|® > [Ues|
Uy 2 ™™ ™ ™" O. Mena & SP
} @J hep-ph/0312131
§ 3'|2 sin” 63 , sin” 6,
2% e | | —
Q sin’6;,
£ e — A,
() Mol sin 6
Z | 3] E—
NORMAL sin” 13 INVERTED

Fractional Flavor Content

| |
Stephen Parke, Fermilab HQL/Virginia Tech 5/26/2016




Flavor Content of Mass Eigenstates:

. . . 2 2 2
e Labeling massive neutrinos: Ue1|* > |Uez|® > [Ues|
Uy 2 ™™ ™ ™" O. Mena & SP
} @J hep-ph/0312131
§ 3'|2 sin” 63 | , sin” 6,
§ o | | —
é 28]112& I Amg,
d:) AmgOl sin’ 63
z | I 31 : I
NORMAL sin” 13 INVERTED

Fractional Flavor Content

dm? = +7.6 x 107° eV?
|6m2, | = 2.4 x 1073 eV?

VOm2u, =0.05eV <> m,, <0.5eV.

\

Stephen Parke, Fermilab

HQL/Virginia Tech 5/26/2016
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Flavor Content of Mass Eigenstates:

. . . 2 2 2
e Labeling massive neutrinos: Ue1|* > |Uez|® > [Ues|
U] R Tumovem 0. Mena & SP
} @J hep-ph/0312131
§ 3'|2 sin” 63 , sin” 6,
CE% - sin“ 63 Amy, 1 -
é 2% I Am,
3 Amy, sin® 6,3
Z | 3 . E—
NORMAL sin’ 13 INVERTED
Fractional Flavor Content
sm2,, = +7.6 x 107 eV? Sin® 1o ~ %
|6m2, | = 2.4 x 1073 eV? . 9
t Sin“ @o3 ~ %

Vom2u, = 0.05 eV < S m,, < 0.5 eV, sin? @3 ~ 0.02

\

Stephen Parke, Fermilab

HQL/Virginia Tech 5/26/2016
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Flavor Content

of Mass Eigenstates:

e Labeling massive neutrinos:

\U€1|2 > ‘Ue2’2 > ‘Ue3’2

‘U -|2 Vem Vi Yrm O. Mena & SP
) x]J hep-ph/0312131
L sm2923 sin’ 12
S 3 e  — R
v sin’ 13 Amgol
§ A2, 9 |
é > — — Amge,
> Ami, sin 63
Z B 31 ]
NORMAL Sin“613 INVERTED
Fractional Flavor Content
_ _ 2 . 2 1
5mgol = 47.6 X 107° eV SN 812 ~U 3
|6m2, | = 2.4 x 1073 eV? . 9 1
atm sin 923N§ 0 <0< 2m

VOm2u, =0.05eV <> m,, <0.5eV.

\

Stephen Parke, Fermilab

SiIl2 (913 ~ (.02

HQL/Virginia Tech 5/26/2016
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The Three Important Questions:

- Is there CP Violation

* Mass Ordering

- Dominant Flavor Content of v 3

L. 2

*"™ Stephen Parke, Fermilab HQL/Virginia Tech

5/26/2016
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The Three Important Questions:

Is there CP Violation

Mass Ordering

U . 2 Vem  Vy Vi
aj
Sin2923

Dominant Flavor Content of v_3

Stephen Parke, Fermilab

ho) _ —
% cos 6 _1 sin? o1y kind, 4 cos & _1
=
=3 31 I i 2 . -
« sin?6;3 Am?, 1
g Am2,, | .
= . kindid
Q sin*6;, binf4
E 2 _ ‘ 1 Am2
j:) atm
= Am> 1 -1 2
o SO sin” 03
< | 31 B
sind{ sin013 -1
NORMAL INVERTED
CPT = invariant 6 <> —¢
Fractional Flavor Content varying cos 6
HQL/Virginia Tech 5/26/2016
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The Three Important Questions:

Is there CP Violation

Mass Ordering

- Dominant Flavor Content of v_3

\

Stephen Parke, Fermilab

[/..|2 ™ Vum Ve
aj
] _ -
% sin0ys cos 6 _1 26, kind, 4 cos & _1
=2 31 __1 2 . - |
2 sin2913 Amzol
2 An,, | |
= kindd !
8 sin26‘12 kind;4 R
= 2 T —— | A
= Am? 1 -1 2
(5} sol | sin” 6,3 |
< ' ) 31 ________} |
[siné;4 sin®63
NORMAL INVERTED
CPT = invariant § <> —9¢
Fractional Flavor Content varying cos ¢
3 2
6m§ol |
2
ématm OR 9
5matm
2
émﬁol I 3
—— 19
HQL/Virginia Tech 5/26/2016




The Three Important Questions:

U 2 Vel v/J V|
8% ]
ho)
Ccos 0 = . Ccos 0 =
% sin2 923 1 SiI'l2 912 blngliil 1
=} 31 I 2 .
-1 -1
2 sin2 013 Am?Ol 1
Z Am2, |
. -1
= . binéi4
° ° g sin’ 61, kind4 | )
. | | = 2 ~— A
E‘; Am>2 -1 2
5y sol sin” 6,3
Z | I 31 |
[sind;4 -1 sin’0;5 -
NORMAL INVERTED
CPT = invariant 6 <« —9§

het

Fractional Flavor Content varying cos ¢

* Mass Ordering : o,

2

omz, .

OR om?

atm

V3
v, /?2\, Ve

15I|IIIIIIIIIIIIIIII

06 0.7'_ 923 —_ 400 923 — 500

\

Stephen Parke, Fermilab HQL/Virginia Tech 5/26/2016
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nueutrino SM Physics Channels:

Appearance: Vv, — Ve VU, — Ue

Disappearance: v,, — v,, vV, — U,

Stephen Parke, Fermilab HQL/Virginia Tech

5/26/2016
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20.0

In Matter:
—12(Ag0+6 /P 2
p,—>e | \/Pa m€ H(As2 ) + sol I
. . in(A L
where \V Patm — S11 (923 S11 2913 Sl?g 31:5;3 ) 31 Cervera etal
31F hep-ph/0002108
: in(al
and \/P,,; = cos 053 sin 2015 SI?CEZ)) Aoy
Anti-Nu: Normal Inverted
For L = 1200 km _ . 1 dashes § = m/2
and sin® 265 = 0.04 - GFNQ/\/E = (4000 km)~—", solid § = 3/2
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B ] i ]
0.08 :—\\\ Nu:Normal Inverted —: :_‘lﬁ ::I' |||| % Nu:Normal Inverted —
A i IR ,IH\\ solid d=m/R2 i
- . i r' b dashed 6=3nm/2 _]
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Stephen Parke, Fermilab
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1300 km
Normal MH

-5cp='“/2 0.16
B oc-=0 0.14

1300 km
Normal MH

B s = 2
s

30.12 D] dcp = 422 20.12 ] dcp = 42
1 — 0,, =0 (solar term) 0 — 0,, =0 (solar term)
0.10 0.10
= =
= 2
o (a 8
10" 1 10 10" 1 10
Neutrino Energy (GeV) Neutrino Energy (GeV)
v,CC spectrum at 1300 km, Am3, = 2.4e-03 eV *
« 500 ; 0.1
;‘ 4505 I \ "\ sin®26,,=0,8 = n/a g
= - / §in?20,,=0.15 =72 | S
= - =)
S 40 A / sin®20,,=0.15 -0 008 &
= = o)
kS E 350 / / Sin®20,- 01,552 | £
g g 300 [ I /ﬂ\ / -0.06 g
c
g0 RV ] 10 ®
L > 200 \! ] / _0.04
1501| \,
100{f Vf N 0.02
] D0\ i
0 0
1 10 E_(GeV)
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Correlations between Neutrino and Antineutrino

hu_e Appearance Minakata & Nunokawa
hep-ph/010805

Normal Ordering — Inverted Ordering

T2K/HK
Al G LERIR dom, 20,60 GoY
w = ]
ST
I;B 5 —
VAN
I 4 —
A
]S -
R —
1~ sin®26,,=0.09 =
O:I||||||||||||||||||||||||||||||||||||||:
0 1 2 3 4 5 6 7 8
P(v, —> v,) %
vV, — Uy, gIVes:
. 9 _ 2 2y _ 2 2
sin® 20, = 4|U,3*(1 — |U,3|*) = 0.96 — 1.00 |U,s|” <> (1 — |U,s3|?) degeneracy !
#— 19
L. Stephen Parke, Fermilab FFPWG 10/18/2013



Correlations between Neutrino and Antineutrino

hu e Appearance

Normal Ordering — Inverted Ordering

Minakata & Nunokawa

hep-ph/010805

T2K/HK NOvVA
8I_\IOlez L|,=8|1O 1|<m,|E=|2.0 |Ge\_7
7 [Usl®= 0.6 —
" « of E
2 S sE -
A A n
| | ppan ]
JE? |;i -
o v 3:— ]
2E E
1= sin®20,3=0.09 — 1B sin®26,,=0.09 -
O:IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII: O:IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII:
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 v 8
P(v, —>v,) % P(v, —> v,) %
vV, — UV gIVes:
- 2 — 2 2\ __ 2 2
sin® 20, = 4|U,3*(1 — |U,3|*) = 0.96 — 1.00 |U,s|” <> (1 — |U,s3|?) degeneracy !

# I
L. Stephen Parke, Fermilab FFPWG

10/18/2013
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Correlations between Neutrino and Antineutrino

hu_e Appearance Minakata & Nunokawa
hep-ph/010805

Normal Ordering — Inverted Ordering

T2K/HK NOVA DUNE
8?.2.I.<./|H.I.<f|..Lflz.?.5.|km’|ﬁ.:.|().‘.§§| GeV s NOVA: =810 km, E=2.0 GeV o MBNE: L=1300 Jern, E=3.2 GeV
- . SHER A R - |U5?=0.6 ;
v - . ] 7 . + 0 —
. | _ ] = 05, o= 5 7F 3
INN e 6 — ) s — o 61— s % 3m/2 T
T —~ - : . -~ - 0.4, _ i
I a5 0.4, S - Y= =
A A C ' ] N\ E J
! | 4 X — ! 41— —
- CEE E 37
= 0 = s x =
1 — 1= sin®20,3=0.09 =
E O:IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII:
OO 8 0 1 2 3 4 5 6 7 8
P(v, —> v,) %
Same L/E as NOvA
vV, — UV, gIVes:
.2 _ 2 2\ _ 2 2
sin® 20, = 4|U,3*(1 — |U,3|*) = 0.96 — 1.00 |U,s|” <> (1 — |U,s3|?) degeneracy !
#— 19
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Correlations between Neutrino and Antineutrino

hu_e Appearance Minakata & Nunokawa
hep-ph/010805

Normal Ordering — Inverted Ordering

T2K/HK NOVA DUNE
Al G LERIR dom, 20,60 GoY s NOVA: =810 km, E=2.0 GeV o LWBNE: L=1300 ke, B=3.2 GeV
- . = LN R B L L B B - ]
- ] gl —f 7 —
» po 63_ _E BN 6;_ i
N S sE = X sE —
A A C ] A -
| e = AE E
5 A - ] 5 35_ i
A g SE i a¥ -
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1~ sin®20,,=0.00 = 1E -
O:IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII: O:IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII:
0 1 2 3 4 5 6 % 8 0 1 2 3 4 5 6 7 8
P(V'u —-> Ve) % P(V/J, —> Ve) %
. 2
o pL sin” Oz Same L/E as NOvA
vV, — UV gIVes:
.2 _ 2 2\ _ 2 2
sin® 20, = 4|U,3*(1 — |U,3|*) = 0.96 — 1.00 |U,s|” <> (1 — |U,s3|?) degeneracy !
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Sensitivity Calculations:

Appearance: v, — Ve VU, — Ue
120_ DUNE v, appearance 35: DUNE v, appearance
150 kt-MW-yr v mode - 150 kt-MW-yr v mode
B Normal MH, 5.,=0 30F Normal MH, 5.,=0
100~ Sin(0,,)=0.45 - Sin?(0,,)=0.45
— Signal (V+v,) CC L — Signal (v +v,) CC
> L i —— Beam (v,+v,) CC > 25 —— Beam (v,+v,) CC
O 80— : — NC Q C — NC
(U] L .- —— (@4v)CC O C — (V4v,) CC
Te] : — (@,4v,)CC 0 20 — (¥4#v,)CC
C\! B : —— CDR Reference Design N C —— CDR Reference Design
Q 60— : ++xae Optimized Design Q -
7] m . ) C
- - 15
5 Lo 5 C
> 40 > LT
w W 1o
20 5
0' e e IR P IANN ol R MRS Tt | el
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
Reconstructed Energy (GeV) Reconstructed Energy (GeV)
800: ::DUNE v, disappearance 350; DUNE v, disappearance
Cof §152 kt-MW-yr v mode . r 15% kt-MW-yr v mode
700 Esm (6,5)=0.45 — zgnalvu cc 300f .":sm (0,5)=0.45 — :f;:m %c
600: : — (v4v)CC C : — NC
C - Bkgdv, CC r — (V+v,) CC
% C —— CDR Reference Design 3 250 —— CDR Reference Design
====== Optimized Design r ====== Optimized Design
O ) r
Te)
g « 200 :
(=] (=) C:
N SN [:
2 & 1505
c [ B | ™ ¥ YT
[ o C
> > L
w 1 100f
50FF
ofi

Reconstructed Energy (GeV)

Reconstructed Energy (GeV)

Disappearance: v, — v, VU, — U,

Stephen Parke, Fermilab

GLoBES-based fit to four
FD samples

Two neutrino beam line
designs considered

GENIE event generator

Reconstructed spectra
predicted using detector
response parameterized
at the single particle level

Simple systematics
treatment

GLoBES configurations
to be made public soon

HQL/Virginia Tech

5/26/2016
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Jt
Dominant Flavor of Nu_3 *
~ 40 ktons x 2 MW x 10 years

Octant Sensitivity

J

DUNE Sensitivity, Normal Hierarchy

NuFit 16 bound NUFlt 20‘]5

NuFit 3c bound

lil

a
o

Width of significance band is due to the unknown
CP phase and variations in beam design.

w
o

'y
o
II|IIII|IIII|III

N
o

Significance of octant determination (Ax?)

10

W
a

P(v, — ve) + P(D, — ) = 25in’ O3 [1 — P(, — U,)]

Long Baseline ©OVOM Reactors

(\ Stephen Parke, Fermilab HQL/Virginia Tech 5/26/2016



Jt
Dominant Flavor of Nu_3 *
~ 40 ktons x 2 MW x 10 years

Octant Sensitivity

J

DUNE Sensitivity, Normal Hierarchy

NuFit 16 bound NUFlt 20‘]5

NuFit 3c bound

Width of significance band is due to the unknown
CP phase and variations in beam design.

lil

a
o

'y
o
II|IIII|IIII|III

Significance of octant determination (Ax?)

30
20—
%5 50 | I I I 55
true 6,, [°]
| | NUFit 2016

P(v, — ve) + P(D, — ) = 25in’ O3 [1 — P(, — U,)]

Long Baseline ©OVOM Reactors

(\ Stephen Parke, Fermilab HQL/Virginia Tech 5/26/2016
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Disappearance v Appearance for: G55

0=80° :\ /"|
S0 Appearance
Conservative sys !
0.04] ' .
[ :' \ ---- Dis only
0‘03:— ',' VAN |‘| —— App only
: "' // \ i\ — — App+dis
0.02} iy \\ .
. Disappearance
_-2" Nl .
001F= TR _
| Combined
040 045 050 055 060 065
sin’6y;
Minakata, Parke 1303.6178; Coloma, Minakata, Parke 1406.2551
HQL/Virginia Tech 5/26/2016

Stephen Parke, Fermilab
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Mass Ordering:

2
atm

OR

2
sol

2
atm

Mass Hierarchy Sensitivity

40¢
DUNE MH Sensitivity 25
Normal Hierarchy L DUNE MH Sensitivity = sin®0,, = 0.38
BF o 20 " Normal Hierarch —— Sin’0,; = 0.45
Sin 613 = 0.085 B L, y. sin2923 - 0.5
sin®0,, = 0.45 - sin’20,,=0.085 ... sin®0,, = 0.64
30 20—

0%

50%

100%

0O 200 400 600 800 1000 1200 1400
Exposure (kt-MW-years)

Stephen Parke, Fermilab

o
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BCP/n

het
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CP Violation:

Jt
C 3
P(v, > ve) # P, — Ue)
In vacuum
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Proton Decay:

Decay Mode Water Cherenkov Liquid Argon TPC
Efficiency Background Efficiency Background
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SuperNova Neutrinos:

LAr detectors are mainly sensitive to v_via: v_ + ¥Ar — e + “K’

Sensitivity to neutronization burst

Sensitivity to mass hierarchy

Complementarity to other detector technologies (mostly Ve sensitivity)

Flavor composition Energy spectra
as a function of time integrated over time
.g E Infall Eleutronizations Accretions Cooling E a0f- - ES
g 70 @ b l | Ve . Ar
‘260: & ‘ Dve‘mAr
g 5% @ 30f ’
50; ::: 255 ‘
402 20¢

30

20f

10 |
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Time (seconds) Observed energy (MeV)

For 40 kton @ 10 kpc,
Garching model
(no oscillations)
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Surprises: Non-Standard Interactions

Stephen Parke, Fermilab

NSI

Credible Intervals at 90%
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Schedule

Nov-15 May-16 Apr-27
CD-1 CD-3a Jan-19 CD-4 (early
Refresh Approval CD-3b Approval completion)
Approva

Conventional Facilities Preliminary & Final

i9"ProtgDUNE

Pre-Excavation incl. Waste Rock Handling
Excavation Cavern 1-4 and UGI

Critical Install Detector #[L-2
L7724 Cryostat #3-4 Construction
paths Fill & Commission Det
shown in CriBdzRics
RED | 777772777V 7777htingtall Detector #3-4
727777727222 22 7227222227272 27222722272723a NND Design e e .

Fill & Cm
Det. #3-4

CF Preliminary & Final
. |

V7777272222722 72722272727272727272727272727227272727272777) NND Assembl

CF Near Detdctor Hall

Install Beamline systems
EZ# Partial Assembly on Surfacejat
B Install & Comm ND

t

_ DOE Activity ! Y
Cryostat #1 Ready Det #1 Commissioned feamline C o
_ DOE and Non-DOE Activity for Detector eamline Complete

' Installation
// /7774 Non-DOE Activity
67 27/4/2016 Mark Thomson | DUNE

U\
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Summary: &

DUNE is a large (70 kton) LAr underground (1.5km) detector
exposed to an intense (1-2 MW) Neutrino beam
from Fermilab (1300km)

e 29
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Summary: &

DUNE is a large (70 kton) LAr underground (1.5km) detector
exposed to an intense (1-2 MW) Neutrino beam
from Fermilab (1300km)

Appearance: v, — Ve VUV, — DUe Disappearance: Vy —> Vy Vy —Vy

2 ) I 29
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Summary: [

DUNE is a large (70 kton) LAr underground (1.5km) de’rec’ror
exposed to an intense (1-2 MW) Neutrino beam
from Fermilab (1300km)

+ Perform Stringent tests of the 3 neutrino paradigm

- Determine the size of CP Violation.in Nu Sector

- Determine Neutrino Mass Ordering

- Determine which flavor Dominates nu_3

* Broad Physics program including Nucleon Decay & SuperNova Neutrinos

- Surprises: NSI, sterile neutrinos, Nu Decay, Decoherence, Lorentz
Violation,.......
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