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NEUTRINO OSCILLATION
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NEUTRINO OSCILLATION

Time




NEUTRINO OSCILLATION
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In general: n(n — 1)/2 anglesand (n — 1)(n — 2)/2 phases



NEUTRINO OSCILLATION

1 0 0 C13 0 si3e™ 0CP C12 519
U = 0 C23 S92 0 1 0 —S12 (C12
0 —s 93 J.]GC23 TI913LC s 0 C923 0 0 1

U 5

— e

L

i T . UMST; TT*
Ape = 3 ; Upse ™ U

Ses




Joao Coelho 13 July 2015

NEUTRINO OSCILLATION

_ UM T T T*
Ape = 2. Upije " U

€J




Joao Coelho 13 July 2015

NEUTRINO OSCILLATION

_ UM T T T*
Ape = 2. Upije " U

€J
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NEUTRINO OSCILLATION
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NEUTRINO OSCILLATION

« Flip CP = Flip T (CPT theorem)|
« Triangle is not symmetric (CP violation)

N\




NEUTRINO OSCILLATION

o v, — v, isTinvariant, so it must be CP invariant (CPT theorem)
o Also, only even orders in A = Am=2L/E

v, Disappearance

0, ~0,, sSYymmet
P(v, — vu) ~ 1 —sin?(26,,,)sin* A, + O(Aap)? M ! 23 Y \ ry
Am<,, ~ Am<3, symmeiry

Ve Appearance

Pl — ) ~  sin® s sin?(2015) sin? A, CP violation (sind term)
+ + O(As; ) Br.eOkS e23 SymmeTW
Different effective Am?
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GOING THROUGH THE EARTH

Earth is fransparent to neutrinos
It has a neutrino “refractive index’
Main effect is change in 6,5

— AmZ,/2E 11.5 GeV

cos(2613)—A

tan(26;3)

Depends on sign of Am?,,
Ditfferent signs for vand v

Apparent CP violation

Resonance
E ~ 11 GeV
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THE NUMI BEAM
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RAMPING UP

« Capable of 700 kW

» Currently at ~470 kW Y B

» Full power by mid 2016 Near Defi

Y

e 6.4 x 10?0 PoT delivered
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OFF-AXIS

On-axis

Far Detector fluy NOvA Simulation

FLUKA11

14 mrad

15 7 mrad Off-Axis

14.6 mrad Off-Axis (NOvA)
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NUE APPEARANCE

P(\Tfe) vs. P(v,) for sin2(2623) =0.97

| = . NOvA
o |Ams,2| =2.32 10~ eV?
0.08 I sin“(26,;) = 0.005

sin’(26,,) = 0.97
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NUE APPEARANCE
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NUE APPEARANCE
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NUE APPEARANCE

P(\Tfe) vs. P(v,) for sin2(2623) =0.97
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NUE APPEARANCE

P(\Tfe) vs. P(v,) for sin2(2623) =0.97
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NUE APPEARANCE

P(\Tfe) vs. P(v,) for sin2(2623) =0.97
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NUE APPEARANCE
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NUE APPEARANCE
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15mM

To 1 APD pixel

g
f Highly active (60%) ;,,z;;?d -
Tracking calorimeters v
Fine granularity (4x6 cm)
FD — 344,064 channels

ND — 20,192 channels s
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NOVA

3D schematic of
NOVA particle detector
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DETECTORS COMPLETE

NOvA ND Data Preliminary
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DETECTORS COMPLETE

NOvA ND Data Preliminary
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DETECTORS COMPLETE

NOvA ND Data Preliminary
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NEAR DETECTOR
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NUMU DISAPPEARANCE
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NOVA TOPOLOGIES

1m

NOvA Simulation

v, Charged Current
Quasielastic

v, Charged Current
Non-guasielastic

Neutral
Current
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NC REJECTION
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COSMIC REJECTION

No Cuts
Containment

NC Rejection
Cosmics Rejection

* Track information
used in BDT

 Achieve a 19M : 1
rejection ratio

* Numbers based
on 1 nominal year
(6 x 1020 POT x 14 ki)

127 12.1 M
109 195 120 k
386 S 44 k
75 4 1

NOVA Preliminary

— Cosmic data

—_
o
.
!
|

5 — v, CC signal MC
o 10° =
o
N
(]
Q s ]
LI , =
% ——
— —_——
i —+

ks

~7 0‘95 09 05 0 05 O;v 09 095 09{9 099 0999 099990999939999;9
Cosmic Rejection BDT
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Events/0.1 GeV/18e20 POT
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NUMU DISAPPEARANCE
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 Clear oscillation signal
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* Will test maximal mixing
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First results may give
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NUE APPEARANCE
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NOVA TOPOLOGIES

1lm

Meutral Current

... Michel

v+ X=>v+ X

e_
=

NOvA Monte Carlo
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FINDING NUE'S

NOvA Preliminary
10° T L L L L= |
[} [ ) - —o— ND Data
Library Event Matching .- e o
C”n- 10° :E -ll—:lc:::-li-g;.muir:chr‘taimy E:
« Compare hit distribution with a Z b e ]
library of MC simulated events S | . j

10 " |
= | ¥
« Perform multivariate analysis on g ok § 7]

properties of best matches to event o 5 |
0 J 0.|2 0.]4 I l 0.16 ‘ 0.18 I 1

LEM

NOvA Preliminary
10°E T T T T T T L

Likelthood v. ldentitie

« Compare Logl of energy deposition

with different particle assumptions

« Perform multivariate analysis on LoglL
differences and shower properties

Events/4.87x10'° POT

—a— ND Data
—— MC NC
—— MC v, CC

MC Beam v,

Total Beam MC
Flux+Stat. uncertainty
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COSMIC REJECTION

Cosmic
Background*

No Cuts 15 M I5M O
3
Containment 0.6 M 1M o
>
~O
Cosmics 5k 6 k Pl
Rejection S
Preselection 40 60 §
o
D)
PID 0.3 03 &

« Cosmic rejection essential

 Similar performance from both
selection methods

*Achieve a 50M : 1 rejection ratio

10°F
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—— —

—_
o
TTTT T T 1171
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—&— Cosmic Background

.CC Signal

Total Beam Background —

10°E—
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_.
3

0.8 1

o
TTT T T 1171

0 0.2 0.4 0.6
LEM
NOvVA Preliminary
| T T T T 3
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-
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HOW MANY?e

» Far detector predictions are corrected using near detector data

* Predictions are scaled to a full detector exposure equivalent to
approx. 1/2 nominal year, representative of expected first results

* The oscillation model assumed no matter effect and:
*dcp =0
* 5iN%20,, = 0.095

PRELIMINARY
. o
LEM 0.07

LID 4.4 1.3 0.07 0.4 0.4 0.4
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WHAT TO EXPECT
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THE TENSION
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<P(e)>

WHAT WE KNOW

Normal Ordering
Inverted Ordering
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WHAT WE'LL FIND OUT

DISCLAIMER: NO OFFICIAL NOVA DATA OR SIMULATION USED IN THESE PLOTS.
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Inverted Ordering
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SUMMARY

* NOVA will be releasing exciting first
results in the upcoming weeks

« About half a nominal year of full
detector equivalent data already
collected (~3 x 10%° PoT)

* Predict anywhere from 3 10 9
candidate v, events depending on
exact oscillation parameters

* Will NOVA prefer MINOS or T2K?

* Place your betsl!
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BACKUP SLIDES
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NON-STANDARD INTERACTIONS
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NON-STANDARD INTERACTIONS
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