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The NOvVA Experiment

NuMI Off-Axis ve Appearance Experiment

» 810 km baseline from Fermilab

to Ash River, MN ~__NOyA Far-Detector .
R . Sl M1 S Far D
» 700 kW NuMI neutrino beam at & 310 Km=f, e NOS Jiar 2iscivs

F erm || 3 b - .~ \ 4 73 S_Rm

» Near and Far Detectors placed
14 mrad off the NuMI beam axis

» Measure V,—Ve, V— Ve to:
@ Determine v mass hierarchy
@ Determine the 0,3 octant
@ Constrain Ocp

) Use Vu_’Vp_, \_/u_’\_/u to:
@ make precise measurements

of 923 and Am232
» Many other physics topics:

® V cross sections at the ND
@ Sterile neutrinos
® Supernova neutrinos

Fermilab

® ..
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NuMI Beam at Fermilab
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» Long shutdown in 2012-2013 to prepare for NOVA
operations at 700 kW beam power
® 5x10%3 protons-on-target (POT) in 10 us pulse every 1.33 s
@ Routine operation at 400 kW during FY15
® 85% uptime
@ Neutrino beam power World Record: 521 kW!
® 700 kW operatlon expected in Sprlng 2016

3~ o - R -~ T v — = > — oy .~
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Off-Axis Beam 0

» At 14 mrad off-axis, narrow band

target
beam peaked at 2 GeV T, K
» Near oscillation maximum at 810 km ‘I—--’ ---------------------------
» Drastic reduction of feed-down Decay Pipe
background from high energy events On-axis

L0 (romrer o e e e FarDetectorfluVNOvAgimwation

FLUKA11 — On-Axis

14 mrad

7 mrad Off-Axis

14.6 mrad Off-Axis (NOvVA)
21 mrad Off-Axis
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The NOvVA Detectors

Optimized for electron identification

Fine segmentation
Low-Z, 65% active

4/77 ND: 300 ton, 1 km from source, 100 m
depth

» FD: 14 kton, 810 km from source, on the
surface, 3 m.w.e. overburden

et 7 2 - A Seats

2l
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Detector Technology

» PVC extrusion + Liquid Scintillator

@ 11M liters of mineral oil + 5% pseudocumene
» Read out via WLS fiber to 32-pixel APD

Al : ‘\

@ FD has 344,064 channels %

@ ND has 18,000 channels ’

@ muon crossing far end at FD~25 PE 1 ‘]

_ To APD Readou
» Layered planes of orthogonal views
» 0.15 Xo per layer, excellent for e identification
Scintillat}gigh

Sampling

0.15 X, per plane

» '-,\"

Plane of vertical cells

Plane of horizontal cells

T 7 2 < N = & = @ S = = > < N o 7 Ny == = 2 < AP s
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Simulated Events in the Detectors
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Measuring mixing parameters with NOVA

» Measuring Ve and Ve appearance in the v, and vV, beam is key

|59 " NOVA
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Measuring mixing parameters with NOVA

» Measuring Ve and Ve appearance in the v, and vV, beam is key
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Measuring mixing parameters with NOVA

» Measuring Ve and Ve appearance in the v, and vV, beam is key

P(\Te) vs. P(v,) for sin2(2623) =0.97
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Measuring mixing parameters with NOVA

» Measuring Ve and Ve appearance in the v, and V,beam is key

» Showing expected 1o and 20 allowed regions around most favorable case for NOvA
1 and 2 ¢ Contours for Starred Point
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A Cosmic Challenge

5ms of data at the NOVA Far Detector
Each pixel is one hit cell
Color shows digitized from the light

,.a Dt e
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NOVA - FNAL E929
Run: 18975/43
Event: 628855 / SNEWSBeatSlow

UTC Mon Feb 23, 2015 .
14:30:1.383526016  Several hundred cosmic rays crossed the detector

(the many peaks in the timing distribution below)
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A Cosmic Challenge

Just the 550 ps around the NuMI beam trigger
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A Cosmic Challenge

Sliced to the 10 pus NuMI beam spill window
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vy CC Candidate

Zoomed in spatially
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Ve CC Candidate

Zoomed in spatially
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Beam Spill in the Near Detector

10 pus beam pulse in Near Detector
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Beam Spill in the Near Detector

Pick one of the neutrino interactions
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Beam Spill in the Near Detector

Pick one of the neutrino interactions
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Selecting Muon Neutrinos

» Isolate a pure sample of v, CC events

@ Select events with long tracks

@ Suppress neutral-current and
cosmic backgrounds

» Containment cuts: require a buffer of
no-cell activity around the event

» 4-variable k-Nearest-Neighbor
algorithm used to identify muons

@ Track Length

@ dE/dx along track

@ scattering along track

@ track-only fraction of planes

» ND Data matches simulation well for
selection variables

» Keep events with Muon ID>0.75

SR
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Events

Events
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Cosmic Rejection

. . . Good spills 5
» Cosmic rejection factor from . _
® beam timing: 10° Data quality —
® event topology: 10’ Cosmic rei. L
Containment _
- i Cosmic background |
» Final cosmic background rate measured NG rejection | I <o . preciction (max.mixing
directly with beam-off FD data o = = : :
E<5GeV ,

1 10 10° 10° 10* 10> 10° 10’
NOvVA Preliminary Number of events in the spill window
60—  NovA274x107 IIDO'I:-eqLIiv.' i
2 T J[ Out of time data ] » Use boosted decision tree
S L v, CCMC 1 algorithm based on track direction,
w .y .
T O J[ ---- Cutvalue — position, length, energy, and
co [ J[ J{ All cuts except BOT ] number of hits to reach 107 cosmic
2 T Jr _I_ - rejection factor
) 20— 1 —
;E i -H- +'|' ] ¥=—— ) Output of BDT algorithm after all
L +++-H-+ | — i other cuts applied

» Purity of v, CC-selected sample = 98%

NNN15, Stony Brook - Oct. 30, 2015 " Alex Sousa, University of Cincinnati 24



vy CC Energy Spectrum

NOVA Preliminary

1 | | 1 I | 1 I 1 I
NOVA 2.74x10%° POT-equiv.

=== —+— Data

Best fit prediction

------- Unoscillated prediction
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2
Reconstructed Neutrino Energy (GeV)

» 201 events predicted without neutrino oscillations (including 2.0 beam bkgnd and 1.4 cosmic bkgnd)

33 events observed
NOvA sees vu disappearance consistent W|th osallatlons
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v, Disappearance Allowed Regions

(Data-Bkg) / (Unosc-Bkg)

2

1.5

0.5

NOvA Preliminary
N L L L I AL I
: NOVA 2.74x10%° POT-equiv. :
__ —+— Data __
: Best fit prediction :
B X2/ Ndot=12.6 /16 7
0 T 23 4'_'#‘;5
Reconstructed Neutrino Energy (GeV)
» Consistent with maximal mixing
» Allowed regions compatible with
MINQOS and T2K

» With just 7.6% of nominal exposure,
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NOVA is already competitive with
other running experiments!
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Selecting Electron Neutrinos

Color: p.d.1. for dE/dx in each plane

» Isolate a pure sample of ve CC events

® Select events with EM showers

@ Suppress NC, v, CC, beam v, and
cosmic backgrounds

@ Used two independent multivariate
methods

» 1) Likelihood Identification Method (LID)

@ Compare dE/dx in transverse and

longitudinal slices to simulated e/p/m/p

distributions

@ Combine likelihoods with topology
information in an ANN

» 2) Library Event Matching (LEM)

@ Compare pattern of energy deposition

of entire event to a very large
simulated event library (108 events!)

@ Properties of the best matched events

input into a decision tree

NNN15, Stony Brook - Oct. 30, 2015
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Cosmic Rejection

» Ve PIDs themselves provide strong ~ Good spil
cosmic rejection

NOvVA Preliminary

Data quality

Containment

» Make additional cut on pr/p to
reject downward-directed cosmic
showers Preselection

CosRej

- Osc. v,

PID - Cosmic Background
NOvVA Preliminary - sl
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> 1| After loose LID cut : Z Events / 2.74x10%° POT equiv.
S r —— Osc. v, " ]
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2 o8l N —I_ - » Cosmic rejection factor from
S Of : :
- [ ; - L e 105
% o6l : b ® beam timing: 10
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Background and Signal Predictions

NOvA FD, Background, LID NOvVA Simulation

S S B B B » Both selection methods achieve good
|_0_25:_ 1 svccae sensitivity to ve appearance
- - v, ,CCRes . . . .
O " - ziCC DIS @ 40% signal selection efficiency
o < 1 v ,CC Coh .
St 1 mv'ccaE ® Reject 99.7% of NC backgrounds
E(\j’;o 151 - lzgg gleg ® 62% expected overlap of the signal events
® F ] 7 veCC Coh ® better than 1 in 102 cosmic rejection
2 01 — NC QE
§ [ 1 PNC Res
_ 7 BNCDIS ;
" o.0sF 31 NG Con » Selected BG dominated by beam ve and NC
- | ] events with n° production
01 I — 1.5 2 2.5 o 3 |
Calorimetric Energy (GeV) @ Most selected NC events have an
NOVA FD, Background, LID  NOvA Simulation energetic
i 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 I_
_ T 7 mv.ccaEe » Before unblinding FD data, chose the more
I 1 Mv,CCRes .. .
= 1 mv,CCDIS traditional LID method as the primary
s 1 mv,CC Coh :
S 04 1 mv.ccaQE selection
& | Mv.,CCRes
Xe) | vCCDIS Total Bka Beamv, NC v, CC v, CC Cosmic
Q v,CC Coh
I 1 NG QE UD 094009 047 036 005 002 006
qc_) 0.2 —1 PNC Res LEM 1.00 £ 0.11 0.46 0.40 0.07 0.02 0.06
AT { mNCDIS
1 NC Coh
i NH 8.,=3m/2 IH 8,=11/2
03 ] L > o :'3 o S|gna| Prediction -3 LID 5.62+ 0.72 2.24 + 0.29
Pi0 Energy (GeV) LEM 591 % 0.59 2.34 £ 0.23
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Ve CC Selected Events

NOvA Preliminary » LID: Poster:
m Jianming Bian

L] I 1 T 1 1 ! I
1 P

0.81-2.74x10% POT equiv. ]
: — FD data . : @ Select 6 events
ool — Bestit prediction - ® 3.30 evidence for ve appearance
L —— Background i
_‘Q — .
GCJ | -
o ~ » LEM:
02l N @ Select 11 events
- . @ 5.50 for ve appearance
VW W, . |
8.8 0.85 0.9 0.95 1 1.05
LID
» All 6 LID-selected events are also selected by
— | - LEM
| 2.74x10%° POT equiv. — ED data B
T _I_ ettt precicton. ® The trmo'mlal probability for observing 11
> — Backgound - events with a (LID-only/LEM-only/Both)
o I ] distribution is P(11:0/5/6) = 9.2%
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o %4 7 v, CC v, CC Cosmic
£ | { uD  094+0.09 047 0.36 0.05 0.02 0.06
T 1 LEM  1.00+0.11 046 0.40 0.07 0.02 0.06
w 0.2 —
I ] NH 8§5,=31/2  IH 8,=m1/2
oL ped VW N i LID 5.62%0.72 2.24 * 0.29
1 1.5 2 2.5 3
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Ve CC Candidate
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Ve Appearance Allowed Regions - LID

» LID results in good agreement with
reactor measurements (gray band) for
normal (top) and inverted (bottom)
hierarchy

» Agreement is ~1o better for normal
hierarchy

» (6cp, Sin%013) contours include:

@ errors on solar parameters

® Am?3, varied within errors of NOvA’s
new result

@ sin2623 =0.5

SR

NNN15, Stony Brook - Oct. 30, 2015
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ve Appearance Allowed Regions - LEM

21

» LEM results shift contours to the right by
almost (x2)

» Some tension with reactor results, in
particular for inverted hierarchy

6CP

SR
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Significance of ve Appearance Results

LID 2.74x10%° POT equiv. Sin“0,, = 0.50
30_ L L L e
» Use reactor measurement of - :\"’rmta'dhk'fra“’h: ]
5in220;3=0.08610.05 3 TR I
as input to understand how NOVA'’s results @ 20f----oamag e nn oo NOvA Preliminary -
. . C
favor choices of mass hierarchy or &cp Rl S
. c B
® Both LID and LEM prefer NH with &cp 5 I
B R N o
between 1t and 21t -
@ LID shows some tension with IH for =
0<6cp<0.8T
< % /2 T 3/ o
@ LEM disfavors IH at greater than 2o for all Ocp
values of 8¢p LEM 2.74x10% POT equiv. Sin“0,, = 0.50
50 T T T T T T T T T

'— Normal hiérérchy |

— Inverted hierarchy

e e e —

NOvVA Preliminary

» Beware of trials factor of choosing to only
look at LEM results

@ true answer is most likely somewhere in
between LID and LEM results

Significance

» Note: Jagged contours are due to discrete nature of
counting experiment
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Significance of ve Appearance Results

: : LID 2.74x10%° POT equiv. in°0,, = 0.50
» NOVA’s first results agree well with very il il o i

recent results from SuperK and T2K

'—— Normal hiérérchy

— Inverted hlerarchy

® Normal hierarchy and &cp~3m/2 is the most NOVA Prellmlnary

favorable combination of parameters for S 20
S A . L I oy Sy Sy ———
NOVA to measure the mass hierarchy ;55390/
@ Will double the data sample by Summer B agb o N

2016. NuMI beam has just resumed

operations! . .
Preliminary | |
0 L A R % /2 T 3n/2 o
i } CP
- == SKAtm - LEM 2.74x10%° POT equiv sin2623=0.50
T 1. 50 ] BRI
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<7 XZNH — X2||-| =-3.2 ( ) © 30| --ommmem e T e /
_ i ST
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- - D 90%ef - ymh === g ]
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4 ® O~z & @2z 2
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UNIVERSITY OF -l(dj S u m m a ry

Cincinnati ,

» NOVA has observed muon neutrino disappearance and electron neutrino

appearance with just 1/13th of baseline exposure

® 6.5% precision of the atmospheric mass splitting from v, disappearance
@ 023 measurement consistent with maximal mixing
@ Ve appearance signal at 3.30 for primary selector, 5.50 for secondary selector.

@ Consistent with global data hints preferring nt < 6cp < 2t and Normal Hierarchy

» Expect doubling of data sample by Summer 2016

» New results coming soon!

¥l fo

www-nova.fnal.gov
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Data Collected

» Physics data was also collected during

NOVA Preliminary

.

15

construction phase i
150|—
» Upgraded NuMI operation started in ~ ~ . Data
Sept. 2013, full Far Detector ready by o i
100
October 2014 E, i — Monte Carlo
o [
D- -
» As soon as each Far Detector di-block 50—
(1kton, 64 layers) was commissioned i
and physics-ready it was added to the i w
data sample 02 —_—
# of active diblocks
» Full suite of FD configurations is » 3.45x10%° POT recorded from NuMI
simulated for the analyses » Average 79.4% of full detector mass
» 2.74x10%° POT-equivalent
Partial Far Detector Full Far Detector
during construction (14 diblocks)
(6 diblock example)

NNN15, Stony Brook - Oct. 30,2015

Alex Sousa, University of Cincinnati
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NuMIl v Beam

Target Focusing Horns A
» Neutrinos from the Main \ — » -; 2 m v
Injector (NuMI) beam at — ‘ SR
F ilab 120 GeV T m ' s
ermila p* from MI a v
< > <4<
NuMI neutrinos 15 m O 30 m 675 m
(Onward to MINOS and Neuh-|no mode N A Pl'e|lmlnary
NOvVA far detectors) > 10 = r— -
= E Horns focus posmves —Total 3
7] B _ i
> [ 94% v T -
3 e ] =
O E 3.6%V, " E
X _ : _ 5 Vet Ve ]
~ 2.1%v, +v ‘ :
= : e ¢
O 10-1 = e £ ——————
o
Q F
LLI -
8102 ..................................................................................
== Q
O
e
=

o""é'E'(Ge'V)'ﬁo' 15
» Operating since 2005. Long shutdown in 2012-2013 to

prepare for NOVA operations at 700 kW beam power

10°

» Since March 2015:
® Neutrino beam power World Record: 521 kW!
® 85% uptime
® 700 kW operation exected |n Srm 2016

3~ o - R . T orvn v — - - | o . ~ .y .~

NNN15 Stony 'Brook - Oct. 30 2015 Alex Sousa, University of Cincinnati

® 5x10'3 protons-on-target (POT) in 10 ps pulse every 1.33 s

42




NuMI v Beam

Target Focusing Horns A
» Neutrinos from the Main \ . : ; 2 m
. ) % v,u
Injector (NuMI) beam at m— [ —
F | b 120 GeV R m v,
ermila p* from MI " v
< >4t <
NuMI neutrinos 15 m S0m  675m
(onward to MINOS and : Anti-neutrino Mode N()VA Pre||m|na
NOvVA far detectors) ) > 10F U . rZ
= [ Horns focus negatlves _Tota. :
o [ .
T i
> L 28%v (10% 1-3 GeV) |
O E Vi =
':: E 69%V _Ve + Ve E
=T 2. 6%v +V, ' -
o 10-1 S/ e —
o ; - -~ -
Q F f —
w - r
810-2 ................................................................................................ —
i Q S
O SRS : ]
o« . l 1 FLUKAO8 .
210% 5 EI(GeIV) —10 15

» Antineutrino running essential to check if:

P(v, = v.) # P(v,, = 1)
and antineutrino running, for a total of 36x10%° POT

beam exposure for NOvA

3~ o - R -~ T v — = " — S Sor—n s oy oy - o — oy .~

NNN15 Stony 'Brook - Oct. 30 2015 Alex Sousa, Unlver5|ty of Cincinnati

» Planning to run for 6 years, with 3 years each of neutrino,

» So far, have collected 2.74x10%° POT, 7.6% of expected total




NuMI Off-Axis Beam 0

» At 14 mrad off-axis, narrow band beam

target

peaked at 2 GeV T, K
» Near oscillation maximum at 810 km ‘I—___> ““““““““““““““
» Drastic reduction of feed-down Decay Pipe
background from high energy NC On-axis
events
Far Detector flux/10.4 simor
l0_""I""I'"'I""I":,,,"I""I""I"" ';LUKA'H' ! | ' ' ! (I)n-AX;S ! ! ! ]
15l 7 mrad Off-Axis ]
_ 14 mrad ——— 14.6 mrad Off-Axis (NOvA) -
] | S 0=0 _

— 21 mrad Off-Axis

10

L Il,'/' 2 ]

_ ( _m 1 ) _
6 m _

! E’/ — 1 252 L 7|
I 7 mrad _I_ fy

v

E_ (GeV)

,
;
4 /
’
’ o
- ’
’ o

L | | L I (L
.II L | | I I | I |

0 = 14 mrad Osc. Max

u

P(v,—v,) [%] Vu CC /6E20 POT / kton / 0.1 GeV

E, [GeV]

P 3 3 < < St Z RETES = s < SAPTES

* Alex Sousa, University of Cincinnati a4
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Simulating Neutrinos in NOVA

Highly detailed end-to-end simulation chain
» Beam hadron production, propagation; neutrino flux: FLUKA/FLUGG

» Cosmic ray flux: CRY
» Neutrino interactions modeling: GENIE
» Detector simulation: GEANT4

» Light Transport in Fiber, APD Readout and Electronics: Custom simulation routines

Simulation: Locations of neutrino interactions
that produce activity in the Near Detector NOvA Simulation

I I

T [ T T T T . . T e T e

10} L e i;?:'-:‘.}_'f.,';_?:i_;;-.f - . Near Detector |
; ' _;-; Interaction Vertex, XZ View

LU _;i.:'l. l. ... ..:-H.. ..c.:.:'" - l
. e = =TI AT

5t 5 —
E N
X

"-I'IIIII

‘N

Z (m)
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Event Reconstruction

Vertexing: Find lines of energy
depositions w/ Hough transform
CC events: 11 cm resolution

Clustering: Find clusters in
angular space around vertex.
Merge views via topology and
prong dE/dx

Tracking: Trace particle trajectories with Kalman filter tracker (below).
Also have a cosmic ray tracker: lightweight, very fast, and useful for large
calibration samples and online monitoring tools.

1-

NNN15, Stony Brook - Oct. 30,2015  Alex Sousa, University of Cincinnad 46



Detector Calibration and Energy Scale

» Calibration uses beam and cosmic
muons traversing the Far detector and
stopping muons as standard candles

» Near Detector

® cosmic u dE/dx [~vertical]

® beam u dE/dx [~horizontal]

/

@ Michel e- spectrum
® ¥ mass
@ hadronic shower E-per-hit

» Far Detector

® cosmic u dE/dx [~vertical]

® beam u dE/dx [~horizontal]

® Michel e- spectrum

» All agree to within 5%

NNN15, Stony Brook - Oct. 30, 2015 h
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Events
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NOvVA Preliminary
T
—4— Data

— MC 71° signal
— MC bkgd

L1 1 I | |-

Data u: 134.2 + 2.9 MeV |
Data 0: 50.9 £ 2.1 MeV _

MC j: 136.3 £ 0.6 MeV ]
MCo: 47.0+ 0.7 MeV

I 1
0 100

200 300 400 500

M,, (MeV)
4 ND, 1.66x10%° POT NOVA Preliminary

: — 1 — 1 1
60— —

—— Simulated v, CC
Simulated Background
e Data

m | | | | N X1O_3

0o 10 30
Average Hadronic Energy Per Hit (GeV)
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v, Disappearance Energy Estimation

. ND, 1.66x10%° POT NOVA Preliminary

» The hadronic energy scale is
recalibrated so the total energy peak of 0.05
the data matches the MC.

¢

x10

T T T T T T T T T T I |
» While the muon simulation matches i —— Simulated v, CC _
data, the simulated hadronic system - Simulated Background -
. : Dat N
has 21% more energy than seen in ¢ '
data. . -
2] _
S 01 —
o _
L —o— ]

l{

» ND reconstructed energy distribution is
used to produce a data driven 0.04
prediction of the FD spectrum

0 1

» Correction taken as a systematic on the Hadronic energy (GeV)
absolute energy scale 1o¢ ND, 1.66x10% POT NOVA Preliminary
L L L
0.12f- —— Simulated v, CC —
. . i N Simulated Background A
» This results in 6% overall neutrino o1 e Data ]
energy scale uncertainty. - -
o 0-08|— —
2 [ )
2 0.06|- -
w Ok |

0.02
% _ 5
Reconstructed Neutrino Energy (GeV)
NNN15, Stony Brook - Oct. 30, 2015 ~ Alex Sousa, University of Cincinnai 48



Near to Far Prediction

(1) Estimate the underlying true energy distribution of selected ND events

(2) Multiply by expected Far/Near event ratio and v,—v, oscillation probability
as a function of true energy

(3) Convert FD true energy distribution into predicted FD reco energy distribution

Systematic uncertainties assessed by varying all MC-based steps

0 : - 8
@ — ND Data 2.74x10%° FD POT-equiv.
3 — Base Simulation 1.66x10*° ND POT
Lg — Data-Driven Prediction |
Z i
0 \ ‘ X
i ’ IR I ] [ ' ' IR : ' 7
S | 1
(O] L |
g 3 — - | 13
> ]
2
2 | 1
ﬁ - -
o [ i R N P
=
|_
1 - = = 1
| 1 1 | J 1 1 I | 1 1 L L X106 1 1 X10-3 L L L 1 1 l 1 | | 1 1 Il | 1 1 1 1 0
1 2 3 4 50 04 0 _ 0 00 1 ~ 2 3 4 5
ND Estimated Energy (GeV) ND Events/GeV F/N Ratio FD Events/GeV FD Estimated Energy (GeV)
NNN15, Stony Brook - Oct. 30, 2015 ‘Alex Sousa, University of Cincinnati |

FD Events

True Energy (GeV)
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Ve Disappearance Systematics

Absolute Calorimetric /7.7 3.1
Energy Calibration [£22%]

Relative Calorimetric 3.7 0.8
Energy Calibration [£5.4%]

Cross Sections and FSI [+(15-25)%] 0.6 0.7
NC and CC Backgrounds 3.2 0.7
Detector Response 1.3 0.7
Flux [£21%)] 1.6 0.4
Exposure [<*2%] 0.3 0.2
Oscillation Parameters 2.1 2.2
Total Systematic Q.2 4.1
Statistical 19 5.0

» Systematics assessed by modifying the simulation used in the signal and background

predictions.

» Variation in the BG and signal prediction taken as the size of the systematic

NNN?15, Stony Brook - Oct. 30, 2015

Alex Sousa, University of Cincinnati
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v, Appearance Systematics

signal

Calibration ‘background

v Interaction
» Systematics assessed by modifying the

simulation used in the signal and Scint. Saturation
background predictions.

Normalization

» Variation in the BG and signal v Flux

predlchop taken as the size of the ND BG Composition
systematic

Other

' 12.9%
Total Uncertainty : X
0% 5% 10%

NNN15, Stony Brook - Oct. 30,2015  Alex Sousa, University of Cincinnad . 51



Ve CC Selected Events

LID NOvA Preliminary LID:

08— . |

- 2.74x10%° POT-equiv. .

: = D data : @ Select 6 events
> 08~ —— Bestit prediction— ® 3.30 evidence for ve appearance
Q) i —— Background |
O 04 —
PR - LEM:
GC) — ]
D oo - ® Select 11 events

- : ® 5.50 for ve appearance

01 — 1.5 — I 2 — 2.|5 I 3
Calorimetric energy (GeV)
o » All 6 LID-selected events are also selected by
LEM NOvA Preliminary
o LEM

- 2.74x10%° POT-equiv. s

i L —FDdata ! ® The trinomial probability for observing 11
> 06 — Best-fit prediction— events with a (LID-only/LEM-only/Both)
o} — Background | distribution is P(11:0/5/6) = 9.2%
S o ]
a - v,CC  v.CC
§ i i LD 094%009 047 10.36 10,05 0.02 10.06
W o2 — LEM  1.00£0.11 046 0.40 0.07 0.02 0.06

= L |

1 1.5 2 2.5 3

Calorimetric anergy (Ge\) LID 5.62+ 0.72 2.24 + 0.29
LEM 5.91 % 0.59 2.34 + 0.23

S 7 g < Y gors 2 — 2 RETES > < Y St RETES s < SpPTESE
s % oo - e — P ~ P o I
o NV T -
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significance of hierarchy resolution (o)

3.5

significance of CP violation (o)

NNN15,

NOvA+T2K hierarchy resolution
sin°26,,=0.095, sin°26,.=1.00
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A possible first analysis result
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Supernova signal in NOvVA

Flux: gvkm

Detector: scint15kt
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» For galactic SN expect O(1000) events above background over 10-20 seconds
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Neutrinoless Double Beta Decay

Past and present (~10 kg)

Present and near future (~100 kg)

Future (~1000 kg)

Dreams ? (~10000+ kg?)
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